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ABSTRACT

Before and after the advent of Islam, Persian architecture was heavily influential towards
the structures of the Indian subcontinent. During the Mughal era (1526-1707AD),
bilateral relations between Persia and India reached the highest level in all aspects of life.
Even though the Mughal period was contemporaneous of the Safavid (1524-1736), many
historical evidences hold that Mughal architecture was mostly influenced by the Timurid
dynasty (1370-1526) more than Safavid architecture, with Timurid architecture serving
as a prototype for both Safavid and Mughal styles. The main objective of this study is to
investigate the influence of Timurid architectural elements (1370-1525) in Mughal
mosques of India (1526- 1707AD). Mughal mosques were selected in this research due

to the fact that despite the importance of mosques in the Islamic world.

The main question is how Timurid architectural elements were transferred to and
influenced Mughal buildings (1526-1707AD) in the Indian subcontinent. Hence, this
research explored the Timurid architectural influence in Mughal mosques by examining
the selected historical buildings using qualitative multiple case studies and by collecting
multiple sources of data for each case study. The validation of research as a qualitative
study involves triangulation, which means triangulating different sources and using it to

build a coherent justification for the themes.

Moreover, this research focused on the transfer of Timurid architectural elements that
were innovated and inserted to the mosques of Persia by Persian master builders. These
elements may be innovated in Timurid period or may have been developed and used from

the pre-Timurid era. The five most important factors are ivan, domed chamber, double



dome, squinch, and pointed arch. Each of these elements was closely examined during

the course of the case study.

By locating the historical evidences, the routs and channels of architectural influence
could be defined and verified, and then the results of each case study analysed based on
five architectural elements were compared in three phases to demonstrate the Timurid
architectural influence in early and high Mughal periods separately. Finally, the evolution
and alteration of Timurid influence during the Mughal period (early and high phases)

were studied.

The finding of the research highlighted that formal elements (both structural and
ornamental), including pointed arch, squinch, and double domes could be used near the
original faces with minimal changes in both early and high Mughal phases. While the
domed chamber and ivan as functional elements were needed to match Mughal mosques
due to the differences between Timurid and Mughal mosques in term of design and
concept. Moreover, both functional elements in the early phase of the Mughal era have
more levels of similarity with Timurid architecture compared to the high phase. Between
the proportions of Ivans and domed chamber, the lvans of Mughal mosque were more
match to Timurid architecture .The vertical proportions of both functional elements in

Mughal mosques were more match than the horizontal proportion to Timurid architecture.



ABSTRAK

Sebelum dan selepas kedatangan Islam, seni bina Parsi adalah sangat mempengamhi ke
arah struktur benua India. Semasa era Mughal ( 1526 - 1707AD ), hubungan dua hala
antara Parsi dan India mencapai tahap tertinggi dalam semua aspek kehidupan. Walaupun
tempoh Mughal sezaman dengan Safavid (1524-1736), bukti-bukti sejarah menunjukkan
bahawa seni bina Mughal kebanyakannya dipengaruhi oleh dinasti Timurid (1370-1526)
lebih daripada seni bina Safavid, dimana seni bina Timurid berfungsi sebagai prototaip
bagi gaya seni bina Safavid dan Mughal. Objektif utama kajian ini adalah untuk
menyiasat pengaruh unsur-unsur seni bina Timurid (1370-1525) di masjid-masjid Mughal
di India (1526 - 1707AD ). Masjid-masjid Mughal telah dipilih untuk kajian ini kerana

kepentinhan masjid- masjid ini dalam dunia islam .

Persoalan utama adalah bagaimana unsur-unsur seni bina Timurid dipindahkan dan
mempengaruhi bangunan Mughal (1526 - 1707AD ) di benua India. Oleh itu, kajian ini
menerokai pengaruh seni bina Timurid di masjid-masjid Mughal melalui pemeriksaan ke
atas bangunan bersejarah yang dipilih. Metodologi menggunakan “qualitative multiple
case studies” iaitu pelbagai sumber data untuk setiap kajian kes. Pengesahan penyelidikan
kajian kualitatif melibatkan triangulasi, dari sumber yang berbeza dan menggunakannya

untuk membina sebuah justifikasi yang koheren bagi setiap tema.

Selain itu, kajian ini memberi tumpuan kepada pemindahan unsur-unsur seni bina
Timurid yang diinovasikan dan dimasukkan ke masjid-masjid Parsi oleh pembina induk
Parsi. Elemen-elemen ini kemungkinannya diinovasikan oleh Timurid atau sejak era

zaman pra- Timurid. Lima faktor yang paling penting jalah Ivan , domed chamber, double



dome, squinch , dan ponited arch. Setiap unsur ini telah diperiksa dengan teliti semasa

kajian kes.

Daripada pencarian bukti-bukti sejarah, perjalanan dan saluran pengaruh seni bina boleh
ditakrifkan dan disahkan, dan seterusnya keputusan setiap kajian kes dianalisis
berdasarkan lima elemen seni bina yang telah dibandingkan dalam tiga fasa untuk
menunjukkan pengaruh seni bina Timurid dalam tempoh awal dan akhir Mughal secara
berasingan. Akhir sekali, evolusi dan perubahan pengaruh Timurid dalam tempoh Mughal

awal dan akhir telah dikaji.

Penemuan penyelidikan menekankan bahawa unsur-unsur formal (struktur dan hiasan),
termasuk double dome, squinch, dan pointed arch boleh digunakan berdekatan ciri-ciri
asli dengan perubahan minimum dalam kedua-dua fasa awal dan akhir Mughal.
Manakala domed chamber dan ivan sebagai unsur fungsian diperlukan untuk menyerupai
masjid Mughal disebabkan perbezaan antara masjid-masjidTimurid dan Mughal dari segi
senireka dan konsep. Selain itu, kedua-dua elemen fungsian di dalam fasa awal era
Mughal mempunyai lebih persamaan dengan seni bina Timurid berbanding dengan fasa
akhir. Antara nisbah ivans dan domed chambers, masjid-masjid Mughal berunsur ivans
adalah lebih menyerupai seni bina Timurid. Bahagian menegak kedua-dua unsur fungsian
dalam masjid-masjid Mughal lebih menyerupai seni miba Timuirid daripada bahagian

mendatar.

Vi
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Figure 6.101: Position of ivan in plan with picture of ivan. ref of measure drawing(Koch &
Barraud, 2006), ref of picture(Author-2012)

Figure 6.102: View from main lvan to Taj Mahal
tomb (left). main Ivan (riaht) (Author-2012)

With regards to Figure 6.103 , patterns one and four were applied vertically among the
Persian geometrical patterns, while pattern four was used horizontally to the west of the

lvan.

Figure 6.103: Geometrical analysis of Ivan (left), Geometrical analysis fagade of Ivan (right)
(Author-2012)
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Table 6.23: General analsis of lvans (Author-2012)

. . Elements of Ivan “screen” . Location of .
dimension relation Geometrical patterns
the facade
Ivan shape material olosl el x| o
L|{w|H|1|2|3|4|5|6|7|8]9]10]11 z| 22| 5| 8| & plan Facade
c = y— o
0s
2 | Marble
South Ivan § = 5 7 |23 VI ivI|VvI|* |V v |V v | andsand | - v | v v 4 14
= stone
*Mini minarets | tof Iv
¢ emle .]i]ns(;ﬁptiig ?ﬁcil:;;n 4.plinth 7.blind arcade 10.squnch net
2.spandrel 5.minaret 8.open arcade 11.parapet
6.7.3.2. Domed Chamber 3.band 6.scroll 9.mugarnas

Table 6.24: General analysis of domed chamber (Author-2012)

Elements of internal facade Geometrical pattern
dimension relation . .
Domed shape Load Transition section opening material
chamber bearing plan Facade
L |W/|H 1121 2 3 415 lvan nave Mihrab
11 | 11 | 18
Square >l 3] v vl v v v B Resiiozzlnd 14 148

load bearing system
1.blind arcade
2.open arcade

transition system
1.squinch
2.pendative
3.recumbent arch
4.arch-net ( squinch-net)
S.muqgarnas
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The domed chamber of central hall is the largest — a hierarchical grouping that is reflected
outside by the dominant central dome flanked by two smaller ones, is half-like in
dimension, and forms a cruciform via arched recesses. It was connected to the spaces at
the back by only one main vault bay at each side. The mihrab is located at the opposite
of the main Ivan, and is highlighted by a marble frame with an inscription of the Sun (al-
Shams) sura. The central domed chamber is entirely covered by several designs of
ornamental cartouches and interlacing floral scrolls (see Table 6.24, Figure 6.104 &

Figure 6.105).

Figure 6.105: Domed chamber: a) Ceiling, b) Transition system, ¢) Mihrab (Author-
2012)

A — —>  mihrab

N =
. " >  Domed chamber

i — il - o
J_J_ - . J_J_‘ll

s —

> wvan

Figure 6.104: Combination domed chamber, Ivan, mirab
ref of measure drawing(Koch & Barraud, 2006)

Based on Figure 6.107 & Figure 6.106, patterns one and four of the Persian geometrical
pattern was applied for both fagade and plan of domed chamber, while pattern eight was

only present in the fagade.
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Figure 6.107: Geometrical analysis vertical elements of domed chamber (Author-
2012)

6.7.3.3. Double Dome

Like the prevalent custom of Mughal mosques, Taj Mahal mosque has three domes, with
the central one being the biggest. Each of three domes rests on a transitional zone of four
arches and four squinches. The domes were composed of discontinuous double-domes

with pointed arch for the external shell, circular eternal shell, and cylinder drum that was
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elaborated by white marble and red sand stone (refer to Figure 6.108, Figure 6.109&

Table 6.25).
Table 6.25: General analysis of double dome (Author-2012)
Type of
. . internal Type of .
type Supporting Transitio Cx* shell external shell drum material
yp system n tier
type H* type H* type outer Inner

Squinch+
mugarnas 31  circular 18 Bulbous 36.5 Cylinder

Squinch+
mugarnas  23.5 circular 15 Bulbous 30 Cylinder

Discontinuous
double dome
Square with
bearing wall
White marble
Red sand stone

*Height from floor to end of dome C** circumference

Figure 6.108: Double dome: a) General view of domes, b)
External shell and drum. c) Internal shell (Author-2012)

External shell of domes

drum

internal shell of domes

Transition system

-~ +— Load bearing system

Al s

Figure 6.109: Transversal section , ref of measure
drawing (Koch & Barraud, 2006)
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Figure 6.110, Geometrical analysis of external shell (left),
Geometrical analysis of internal shell (right) (Author-2012)

6.7.3.4. Squinch
Each of three domes rests on a transitional zone of four arches and four squinches. The
squinches was formed by a groined vault, and are filled by the mugarnas, or are otherwise

found only in the baseline of the dome of a mausoleum (refer to Table 6.26, Figure 6.111).

Table 6.26: General analysis of squinchs (Author-2012)

type material Location
lvan Domed chamber entrance
Groined vault with Red sand stone - v -

revetment of mugarnas

Rarraiid 200R)
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6.7.3.5. Pointed Arch

Based on Figure6.115, Figure 6.112 &Table 6.27, type 3-1 and 3-2 from one category of

Persian pointed arches (see Figure 6.114 & Figure 6.113) were used in this mosque. The

ratio of using type 3-1 exceeds other types. It was applied in most spaces, such as the

mihrab, main Ivan, courtyard and load bearing system of a domed chamber, and the type

3-2 can only be seen in a transitional system of domed chamber.

Table 6.27: General analysis of pointed arch (Author-2012)

type material Number Location
of center inside Outside
1 Type 3-2 Red sand stone 4 Domed chamber -
transition system
2 Type 3-1 Red sand stone 4 Domed chambers load -
bearing system
3 Type3-1 Red sand stone 4 mihrab -
Type 3-1 White marble 4 - main lvan
5 Type 3-1 Red sand stone 4 - Court yard
Figure 6.112: Arch type 3-2 in transition
system of domed chamber (Author-2012)
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Figure 6.114: Type 3-2 of Persian pointed
arch (pirnia, 2001)

b

Figure 6.113: Type 3-1of Persian

pointed arch (pirnia,

2001)
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Figure 6.115 : Arch type 3-1in : a)Mihrab , b) vault bay of domed chamber, c)
external bay ,d)main ivan (Author-2012)
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6.8. Seventh case study Delhi Jami mosque

O Location: Old Delhi, India

O Date: 1650-6

O Building usage: Jami Mosque RS e

........

GoLKONDA

Figure 6.2: Mughal Empire map
(""www.wikimedia.org,")
6.8.1. History

The most important Indian mosque is the Jami Mosque (1650-6) of Shahjahanabad, the
seventh city of Delhi where the emperor set up a new capital (see Figure 6.116). The
mosque is also called the Masjid-i Jahanuma, or the mosque commanding a view of the
world, as it is situated on a high plinth atop a natural hillock. It is located across the road
on the west side of Red Ford, in the area known as Old Delhi. This mosque is the largest
mosque in the Indian sub-continent, after the Jami mosque of Lahore (Pakistan). Due to
its magnificence and size, the Jami Mosque of Old Delhi is often regarded as the
apotheosis of Indian mosque design. Shah Jahan - the fifth Mughal ruler of India- ordered
the construction of this mosque. The construction was supervised by Allami Said and Fazl
Khan(Aziz-Ur-Rahman.R, 1987; Khan, Al-Asad, & Frishman, 1994; Stierlin & Stierlin,

2002).
6.8.2. Architecture

Delhi‘s Jami mosque is considered to be the epitome of Shah Jahan‘s elegant and
luxurious classical style. It is one of the largest examples of four lvan mosques in India

based on the Persian Four lvan plan. The exterior of the Jami Mosque was modeled after
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Akbar's mosque at Fatehpur Sikri, while its interior is akin to the Jami Mosque at Agra

(Tadgell, 1994).

The mosque is constructed upon a raised platform that lead to three stairs from the north,
south, and east entrance. The eastern monumental entrance resembles the Boland
Darwaza gateway in Fatehpur Sikiri mosque. The main entrance is raised to the height of
three articulated stories. The prayer hall is large space with three substantial domes and a
massive pishtag, mirroring the eastern entrance. Two minarets, each divided into three
stages by an equal number, act as flanks. The Haram, or prayer hall, is projected into the
court as a totally freestanding block. It consists of two lateral bays — the open area in the
east, and the separate space in the west ending at the gibla. The enclosed space of the
Delhi Mosque was designed based on its hierarchy. An observer will first come across

the Ivan(Bunce, 2008; Desai, 1971; Tadgell, 1994).

Despite the overall vast properties of the mosque, its various component parts have been
blended together in such perfect harmony and effortless homogeneity that it results in a

magnificent great beauty and elegance (Desai, 1971).
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6.8.3. Analysis

6.8.3.1. lvans

Delhi Jami mosque followed the four ivans mosques as one of most prevalent type of
Mughal mosques. Three of these were merged with the entrance and appears different
from the west Ivan (ivan that is connected to domed chamber). East Ivan, with the red
sand stone material are related to the main entrance, and originally are reserved for the
king. It is three stories high, with small-attached minarets, while its northern and southern
parts are only two stories tall. The rear wall of the ivans is punctuated by an double-height
arched doorway leading into the domed interior, and all ivans have the adjacent
chambered faces. The west lvan however, has a different face compared to the others. It
has one story level, with a huge arch and slender minarets at its corners. It is covered with
semi domes ,and ornamented by a combination of white marble and red sand stone (refer

to Figure 6.117 &Table 6.28).

North ivan

e N o 1« I -
1 BB L TT T _a "

- D

e &

d .

.

ol

1 1

o . ¥

-y " East ivan

West ivan £ :

|| S ———. i L T —

South ivan

Figure 6.117: Position of lvans in pelan with picture of ivans. ref of measure
drawing(Bunce, 2008), ref of picture (Author-2012)
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Based on Figure 6.118, Figure 6.119, Figure 6.120, Figure 6.121, Figure 6.122 & Figure
6.123, Persian geometrical patterns of one, two and four can be found in the fagade of all
Ivan, excluding the east. In fagade east one, patterns one, two, and five can be realized.
In the plan of all ivans, pattern four was used, but pattern three in the west ivan and pattern

one in the east ivan were also visible.
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Figure 6.119: Geometrical analysis Figure 6.118: Geometrical analysis
facade of west lvan (Author-2012) facade of east Ivan (Author-2012)
\, S
\\\\\ /////
\\\\ l///
LW I
4\,
N
// / \\ \\
1/ L S N
7;‘(/ /// \\\ \TQ

Figure 6.120: Geometrical analysis
plan of west Ivan (Author-2012)

206



sl (sl

\ o b
iy o N - ~—
Nrges ==
Y s N\
N e (B T
'3 \_J/\ /
N PR b
N N v 4
\\\___///\\\__///
4»/
Jl‘/ ‘ . o
SR ‘ ‘.\<:‘\-‘5r

Figure 6.121: Geometrical analysis plan
of east Ivan (Author-2012)
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Figure 6.122: Geometrical analysis plan of
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Figure 6.123: Geometrical analysis facade
of north and south ivans (Author-2012)
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Table 6.28: General analsis of ivans (Author-2012)

. . Elements of Ivan “screen” . Location of .
dimension relation Geometrical patterns
the facade
lvan shape material | or | 2| x
L w|H|1|2[3|4|5]|6|7|8|9]10|un z| 22| 5| 8| & plan Facade
BlEE| 2|8 |=
05
west ivan 14 175 | 22 Vi vV |V v v White
o 5 marble & red | - v v 3,4 1,25
< ) sand stone
east ivan é’» 19 105 | 25 ViIiv|v]|* v v v " v 1,4 1,25
north ivan £ 13?- 5 |20 2 R2 RN Vv v | Redsand | § v 14 124
i £ stone | i i
South ivan 215 20 VIivivx v v v 8 v 14 12,4
*mini minaret element of Ivan screen , .
1.inscription frieze 4.pl¥nth 7.blind arcade 10.squnch net
6.8.3.2. Domed Chamber 2 spandrel 5.minaret 8.open arcade 11.parapet
3 band 6.scroll 9. mugarnas
Table 6.29 : General analysis of domed chamber (Author-2012)
Elements of internal facade Geometrical pattern
dimension relation . .
Domed shape Load Transition section opening | material
chamber bearing plan Facade
L |W/|H 1121 2 3 415 lvan nave Mihrab
95|95 |125
Square 213 | v v v v v _ Red sand 134 124
L stone
load bearing system transition system
1.blind arcade 1.squinch
2.open arcade 2.pendative

3.recumbent arch
4.arch-net ( squinch-net)
S.mugarnas
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A domed chamber acts as a central section of a prayer hall, and accession is in an identical
manner to the other bays and the west Ivan with four large multi-cusped vaults. The blind
vault in the west side is regarded as a mihrab, formed of cusped arches set in a rectangular
frame, and is completely clad in white marble with intricate embossed tracery. The whole
space is encompassed by red sandstone arch and white marble inlay works (Figure 6.124,

Figure 6.125 &Table 6.29).

Figure 6.124: Domed chamber a) Load bearing system, b) Mihrab, c) Transition system
(Author-2012)
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Figure 6.125: Combination domed chamber, Ivan, Mihrab
ref of measure drawing(Bunce, 2008)
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With regards to Figure 6.126 , Figure 6.127 & Figure 6.128 , Persian geometrical patterns
one and four were utilized in both the fagade and plans of a domed chamber, but two
different patterns can be seen specifically for each of plan and fagade: pattern two (in the

facade ) and pattern three ('in the plan).

A

Figure 6.126: Geometrical analysis of domed chamber
(Author-2012)
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Figure 6.127: Geometrical analysis of combination domed chamber, ivan, mihrab
(Author-2012)
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Figure 6.128: Geometrical ahalysis section of domed chamber
(Author-2012)

6.8.3.3. Double Dome

The three double domes rise over the second, fourth, and sixth bays of the prayer hall.
The middle one covering the dome is the biggest one of them all. All of the domes are
covered with white marbles, are inlaid with black marble strips, and are externally topped
by golden finials, and internally by red sand stones. Domes are categorized into
discontinuous double domes with bulbous type for external and pointed dome for the

internal (seeTable 6.30, Figure 6.129, Figure 6.130, Figure 6.131).

Table 0.1: General analysis of double dome (Author-2012)

~ Type of Type of
tvpe  Supporti  Transitio ., internal shell  external shell ~ drum material
yp ng system n tier
type H* type H* type outer inner
g
= Squinch i .
se % a 38 ' 155 Bulbous 205 Cylinder 2
S & g ar S
§§ =° Squinch ircul % 3
[
23 g a 30 U 97 Bulbous 23 Cylinder & 3
a S ar e O
» <

*Height from floor to end of dome C** circumference
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Figure 6.130: Geometrical analysis of external shell (left),
Geometrical analysis of internal shell(right) (Author-2012)

Figure 6.129 : Double dome: a) General view of domes, b) External shell, c)
Internal shell (Author-2012)

i

External shell of domes

internal shell of domes
drum

Transition system

9 1
I/ Rk q' Load bearing system
il

Figure 6.131 : Transversal section, ref of measure drawing
(Author-2012)
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6.8.3.4. Squinch

Among various types of Persian squinch, the groined vault was used in the domed

chamber and east entrance hall (see Figure 132, Figure 133 &Table 31).

Table 7.31, General analysis of squinch (Author-2012)

Location
type material Domed
lvan entrance
chamber
Groined vault Red sand stone - v -
: v'East
Groined vault Red sand stone entrance
hall

Figure 7.133 : Squinch in east entrance (Author-2012)

6.8.3.5. Pointed Arch

The most prevalent arch type in Delhi Jami Mosque is cusped arch as non—Persian type,
even though type 3-2 of Persian arches was used in the entrances and ivans exclusion of
west ivan. By comparing the cusped arch and 3-2(refer to Figure ) of Persian arches, it is
obvious that the base pattern of the cusped arch is very similar to type 3-2 in this building

(refer Figure 6.136, Figure 6.135 &Table 6.32).
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Table 6.32: General analysis of pointed arch (Author-2012)

type material Number of Location
center inside Outside
1 Type 3-2 Sand stone 4 - north ivan
2 Type 3-2 Sand stone 4 - South ivan
3 Type3-2 Sand stone 4 - east ivan
4 Type 3-2 Sand stone 4 East entrance East entrance
5 Type 3-2 Sand stone 4 North entrance North entrance
6 Type 3-2 Sand stone 4 South entrance South entrance

7
S
/
/
/
1/
N |

(123 |

.
N

V4 a—

as)
|
i
4

A

Figure 6.135: Type 3-2 of Persian

Vara

pointed arch (pirnia, 2001)

Figure 6.134: Cusped arch in: a) west
Ilvan h) ecotirtvard (Anthor-2012)

Figure 6.136: Using arch type 3-2: a)main arch of east ivan and east
entrance, b) main arch of north &south ivans and entrances, c) interior f
east entrance(Author-2012)
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CHAPTER 7: RESULTS AND DISCUSSION

7.1. Introduction

The aim of this chapter is to discuss the results obtained from the case study analysis. It
comprises three phases. Figure 7.1 shows the structure of data analysis and its relevance
to the research objectives. The first phase specifies the results and discussion of
comparisons between Timurid case studies that encompass the second objective. The next
phase explains the results and discussion of the second and third propositions mentioned
in 3.3 (The second proposition is directly influenced by Timurid dynasty in Mughal
buildings, while the third one is influenced by the Persian period (Safavid) that is a

contemporary of Mughal buildings).

The first level of phase two is the results and discussion of the comparison between
Timurid and early Mughal case studies (based on second proposition). While the second
and third level are the results of the comparison between Timurid and Safavid case
studies, and then Safavid and high Mughal periods (according to third proposition), where
all these levels cover objective three. The final phase describes the comparative results of

Mughal case studies that address objective four.
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Phase one

Compare Timurid case studies
based on Persian architectural >
elements

Category of similarity in
Timurid case studies

Second proposition third proposition

P » Early Timurid i >
Timurid > Mughal Safavid Mughal

Goharshad mosque
Mir chakhmaq mosque
Torbat jam mosque

Fatepur sikiri Goharshad mosque
Mir chakhmaq mosque Shah mosque
Torbat jam mosque
T—T r Y T

Compared based on output of objective @

mosque

Compared based on output of

objective two two

Taj mahal mosque
Delhi jame mosque

: ;

—» Compared based on output of level two

Shah mosque

Fatepur sikiri Taj mahal mosque
mosque "| Delhi jame mosque

F

Compared based on output of phase two

» | Result of phases

three

»| Resultof phases

two

Objective 4 Objective 3

Figure 7.1: Structure of data analysis and the relevance to the research objectives
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7.2.Phase One: The Comparison between Timurid Case Studies

lvans

Ivans had a fundamental role in Persian architecture, especially in mosques. Based on
section 4.4.1 (literature review), lvan monumentally polarizes the space of courtyard and

defines the main axis as an intermediate between indoors and outdoors.

All Timurid case studies, with the exception of the mosque of Torbat Jam, followed the
most popular Persian mosque, namely four ivans mosque that were adapted from the
Seljuk, developed, and flourished until the Safavid period. In addition, this model of Ivan
has also been continued in its typical form, especially for congregational mosques (refer
to Figure 7.2).The Mosque of Torbat Jam was designed based on another famous model:

Mosque with one or two ivans, widespread particularly in the east of Persia.
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Figure 7.2: Position of ivans in case studies (Author-2012)

7.2.1.1. Relations of Ivans:

Gohar Shad mosque: The south ivan was abutted to the domed chamber without any
barrier (blind arch or vaulted tunnel), and both of these spaces have identical length and
are composed of one unit. Moreover, the south of the lvan is only related to the domed
chambers and not to the naves, but the other ivans are related to the naves and adjacent

spaces (Holy shrine of Imam Reza) by vaulted tunnels (Figure7.4).
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Mir chakhmaqg mosque: The south ivan, as the main lvan, was bigger and deeper than
the other ivans compared to the south Ivan of the other Timurid case studies. All ivans
were related to naves, domed chamber (for south lvan), and main corridors (for north and

east ivans) by vaulted tunnels (Figure7.3).

Mosque of Torbar Jam: The south ivan, like Goharshad mosque, is only connected to
the domed chamber (Ivan was part of cruciform shape of domed chamber) and the north

Ivan, like Goharshad mosque, is connected to the shrine of Sheikh Aahmad Jami

(Figure7.4).
nave or
nave or domed| domed chamber
chamber
* vault
nave nave

vault vault

| nave
Ivan nave { ivan

courtyard
court yard

Figure 7.4: Pattern 1 of Ivan‘s
relation to other functional
elements (Author-2013)

Figure 7.3: Pattern 2 of Ivan‘s
relation to other functional
elements (Author-2013)

7.2.1.2. Form

The typical horizontal form of the ivan is rectangle in Islamic Persian mosques. All
Timurid case studies also followed suit, despite the fact that the ratios of length-to-width
are different (more information in 7.2.1.VI). The depth of the ivans in each mosque is

irregular; a response to the location and importance of spaces in the back of ivans.
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7.2.1.3. Structure of Ceiling
All ivans of the first and second Timurid case studies are covered by vaulted tunnels, but
in the mosque of Torbat Jam, the vault of ivans have additional plaster revetment of

squinch-net (arch-net) (Figure ).

7.2.1.4. Material

The dominant material in the Timurid period was mosaic fiancé, chiefly for outdoor
spaces. Among Timurid case studies, the mosaic fiance was utilized in Goharshad and
Mir Chakhmag mosques. The first mosque was famous for its mosaic decoration, with
ivans enclosed panels of mosaic fiancé and brickwork on a high base of marble revetment.
The second one was inferior to the mosaic decoration compared to Goharshad mosque.
The main materials of ivans are mosaic faience (blue, yellow, white, black) within
patterned brickworks. Unlike the previous two samples, the Ivans in the mosque of Torbat

Jam were internally decorated by plaster and externally by brick (Figure7.5).

Goharshad mos;que Mir Chakhmaq mosque r;losqu (Tfi'mbﬁ JamA
Figure 7.5: General view of south ivans (Author-2012)

7.2.1.5. Elements of lvan ‘Facade
Based on the information in 4.4.1.VI in the literature review, the elements of Timurid

ivans screen can be discussed as follows:
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South ivan: With the exception of Goharshad mosque that had great scale compared to
other Timurid case studies, the typical form of south ivans are comprised of a band
throughout lvan, a spandrel, a plinth, and an open arch. However, in the first sample, the
inscription frieze and two big minarets extending to the ground were inserted to the south
of the Ivan. The system of structure in all samples was vaulted tunnels; however, the
revetment of squinch-net (arch-net) was the covered vault in the mosque of Torbat Jam.
The first mosque was designed without any wall between the Ivan and domed chamber,
while in the second; the additional open arch was located above the entrance arch (see

Table ).

North, West, and East ivans: These ivans in the Timurid samples are similar to the
typical form of the south of the Ivan that includes a band throughout the lvan, a spandrel,
a plinth, and an open arch. Only the mosque of Torbat Jam had the additional decoration

of squinch-net (see Table 7.1).
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Table 7.1: General analysis of ivans (Author-2012)

dimension

Elements of Ivan “screen”

Location of Geometrical

.‘
@
2
o
S

the facade patterns
mosque <1 . ©
< material 5 )
< [5) . e X — c e
2 L W H 3 4 8 9 10 11 g § o5 & & = S
c 5 =] o e o [
s LL
_ GawharShadMosque _ 36 18 36 v v v v Fanee v v 34 1'%’5'
3 <
> > - .
= . > v v v v Flanc_e v v 1,24,
£ Mir Chagmaq Mosque § 13 105 15 Mosaic 1,34 58
o
n < i
Mosque of Torbat-i-Jam 12 85 12 v v v v 4 Brick v 345 1’%’5’
£ Gawhar Shad Mosque 31 25 34 v v v v ll\:/llanc_e v v 134 1,8
= 3 osaic
< , 3 Fiancé 12,5
£ 2 v v v v . v v 15
£ Mir Chagmaqg Mosque g 86 6 85 Mosaic 1,34 8
Z = -
Mosque of Torbat-i-Jam = 12 95 12 v v v v v Brick v 359 1’%’5’
g
2 Fiancé
=  Gawhar Shad Mosque s 31 25 34 v v v v Mosai v v 134 18
g ES losaic
&  MirChagmagMosque & 10 7 10 v v v v Fiance v 134 1,25,
= 3 Mosaic 8
8  Mosque of Torbat-i-Jam ~ - - - - - - - o A - -
element of Ivan screen . .
1 inscription frieze 4.plinth 7.blind arcade 10.squnch net
2 spandrel 5.minaret 8.open arcade 11.parapet
6.scroll 9. mugarnas

3.band



7.2.1.6.Geometrical System and Proportions of Ivans:

South Ivan: With regard to Table D-1in the Appendix D, Persian geometrical systems in
both facade and plan of Timurid south ivans are displayed in Table . More similarities
can be seen in the fagade rather than the plan. In the fagcade of the Timurid case studies,
the most useful systems were one, two, five& eight, while systems 3 and 4 are the most

useful patterns in the plan of Timurid case studies.

Moreover, the proportions based on the results of Table D-1 (in the Appendix D) were
summarized in Table 7.2, and, were refined in Table 7.3. The proportions of Timurid

south Ivan can be described in the following form:

The ratio of length-to-width and height in all south ivans of Timurid case studies are
dissimilar. The main reason is the lack of identical sizes of mosque, especially courtyards,
along with the effect of courtyard sizes in proportion to the ivans. Two samples, Mir
Chakhmaq and mosque of Torbat Jam, have small courtyards (24*26 and 30%*23,
respectively), but Goharshad mosque was the congressional mosque with a great yard
(50*55). The ratio of length-to-width and height in the two small mosques is similar, and
in Goharshad mosque, it is bigger due to the insert minaret and size of the courtyard,

despite the fact that the ratio of length-to-height in all Timurid case studies is similar.

Table 7.2: Proportions of south Ivan‘s facade based on geometrical patterns (Author-

2013)
name of mosque  length width height height of height of dome
minarets

Gawhar Shad V5a a (V15(2-1)a 3v5 3V5
Mosque > a N a

Mir Chagmaq V3a (V3+1)a 2a - (V3+2)a
Mosque )

Mosque of Torbat V3a (V3 -1)a (V2+2)a

2
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Table 7.3: Proportions of south Ivan (Author-2013)

name of mosque length  width height height of  height of
minarets dome
Gawhar Shad Mosque A 0.5A A 1.5A 1.5A
Mir Chagmag Mosque A 0.8A 1.1A - 2.1A
Mosque of Torbat A 0.7A A - -

Tables E-1 and E-2 in the Appendix E represent the proportions of Timurid south Ivans ‘s
plan and facade for minor dimensions. Generally, the major dimensions (e.g. the total
length of Ivan) are similar compared to the minor ones (e.g. the length of Ivan ‘entrance
opening). Within these minor demotions, the vertical elements are similar in proportion
compared to the horizontal elements, because other functional sections such as influenced
the second group: domed chamber and naves. Among the vertical minor dimension of the
Ivan screen, the length of the opening to the backspace (A1) and the height of the Ivan
(from the ground to top of spandrel-Bz3) are similar in Timurid case studies. This makes it
prudent to omit the minor dimension for the next phase of the result, leaving only the

major dimension for analysis.

North, east, and west lvans undergo a similar process in locating geometrical systems
and proportions in the south ivans, and the results from Table D-2 in the Appendix D are
displayed in Table (geometrical patterns) and Table 7.4 &Table 7.5 (For proportions),

and then were summarized and reviewed in Table 7.6 & Table 7.7 (for proportions).

Similar to the south lvan, geometrical systems one, two, five, and eight are the most used
systems in the facade of the north Ivan (the same east and west lvans) in the Timurid
samples, while geometrical systems 1, 3, and 4 are visible in the plan of all Timurid case

studies.
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In comparison to the south lvan, other lvans of Timuird samples match the ratio of length-

to-width and height, and have similar proportions with the notable exception of the north

Ivan of Mir Chakhmaq, which was related to the long corridors.

Minor proportions (refer to Table E-3, Table E-4, Table E-5& Table E-6 in the Appendix

E), like the south Ivan, are less similar to the major ones, and within the minor demotions,

the vertical elements have more similar proportion compared to their horizontal

counterparts. Consequently, the minor dimension can be omitted in further phases of the

results.

Table 7.4: Proportions of north Ivan‘s facade base on geometrical patterns (Author-2013)

name of mosque length width height
Gawhar Shad Mosque V3a 1+.5) 2a
\/g a
Mir Chagmagq Mosque V2a (V2+2)a
v V3o 5
Mosque of Torbat V3a (1++5)a (V2+2)a
2V5 2
Table 7.5: Proportion of north Ilvan (Author-2013)
name of mosque length width height
Gawhar Shad Mosque A 0.8A 1.1A
Mir Chagmaq Mosque A 0.4A
Mosque of Torbat A 0.8A A

Table 7.6, Proportions of east and west Ivan‘s facade base on geometrical patterns

(Author-2013)

Name of mosque  length width height
Gawhar Shad Mosque V3a (1+./5) 2a
\/g a
Mir Chagmag Mosque V3a (2v3-1)a (V2+2)a

2

2
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Table 7.7: Proportion of east and west Ivans (Author-2013)

name of mosque length width height
Gawhar Shad Mosque A 0.8A 1.1A
Mir Chagmag Mosque A 0.7A A

7.2.2. Domed chamber

7.2.1.1.Form

Generally, in Timurid architecture, the common derived shape of the mosque’s domed

chamber is almost a square or a cruciform. The type of domed chamber shape that was

used in Timurid cases studies is a square, while the only type used in the mosque of Torbat

Jam was the cruciform pattern of domed chamber.

The first Timurid case study (Gohar Shod mosque) has a square domed chamber that was

linked to the naves with three narrow vaulted tunnels. The proportion of solid walls

exceeds these openings rendering the domed chamber dark and dim. But lack of any blind

arch between the south lvan and the domed chamber as well as the identical size of the

spaces (domed chamber, Ivan, mihrab) make the domed chamber appear integrated and

unique, with a wide and bright space, eliminating darkness in the space (see Figure 7.6).

vault

nave

|
|
=

Mihrab

domed chamber

Ivan

vault

e
e
==

nave

Figure 7.6: Gohar Shad domed chamber*s organization and relation with others (Author-2013)
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Mihrab
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nave main corridor o
< domed chamber main corridor nave
comdor
[ ]

Ivan

Figure 7.7: Mir Chkhamaq domed chamber‘s organization and relation with others (Author-2013)

The domed chamber of Mir Chakhmag mosque (second case study) was countiued the
form of first case study with some basic changes to the central vaulted tunnels that
increased the size and differenced the type of vault. As a matter of fact, this domed
chamber contained a pattern that is regarded as a combination of squares and cruciform.
It has four small windows in the upper level of the transition tier, and the vaulted tunnels

are repeated at the two horizontal levels (see Figure 7.7).

The domed chamber of the Torbat Jam mosque (third case study) was designed based on
the famous cruciform-shaped Timurid pattern which is very similar to the rectangular
shape. However, the small size of the central section of the domed chamber and the shape
can create a more fluid and huge interior concept. Similar to Gohar Shad mosque, the
relationship between the south Ivan and the domed chamber (the big network window is
delimiter between these two spaces) is highly visible. Four windows are located in the
middle part of the central wall behind the transition tier, where the size exceeds the Mir

Chakhmagh mosque (see Figure 7.8).
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nave domed domed domed nave
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. vault [ vault .

Ivan

Figure 7.8: Mosque of Torbat Jam domed chamber‘s
organization and relation with others (Author-2013)

7.2.2.2. Combination of Domed chamber, South Ivan& Mihrab

The most powerful combinational patterns between the domed chamber, gibla Ivan, and
mihrab in Persian Islamic architecture has been in development for many centuries; from
the Seljuk to Safavid period. The Timurid case studies also followed this combination

(refer Figure 7.9).

‘= o
T

K A 12\ ﬁ ol Y . "~ D
T SRR S
ik f&j‘é &
l l] E] H = e
Goharshad mosque mosque of Torbat Jam

Mir Chakhmaq mosque

Figure 7.9: Combination of domed chamber, ivan, mihrab (Author-2013)

7.2.2.3. Proportions between Domed chamber, Ivan and Mihrab.
Table D-3 in the Appendix D shows that the geometrical analysis of the Timurid domed

chamber is based on the Persian geometrical systems mentioned in section 4.5, proving
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that many Persian buildings were designed by taking ten geometrical systems into

account.

Table 7.8represents the result of geometrical analysis based on Persian geometrical
systems. Then, the data were revised in Table 7.9. Finally, these points can be identified

in the following form:

O Generally, the ratio of length-to-width in combination (domed chamber, Ivan,
mihrab) decreased from the first-to-third Timurid case studies.

O The width and length of the domed chamber were studied in Timurid case studies,
with the exception of Gohar Shad mosque.

O Three functional elements of Gohar Shad mosque differed due to the approximately
identical lengths between these elements, making the combination appear as a unique
integration.

O The ratio of length-to-width in the south lvan and Mihrab was stabilized despite the
decrease in the length and width in the Timurid samples, with the exclusion of the
Mosque of Torbat-i-Jam due to the diverse shape pattern of the domed chamber.

O The ratio of length- to- width in south Ivan and Mihrab has become stable. Even
though the ratio of Mosque of Torbat Jam diverse due to different pattern of domed

chamber.
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Table 7.8: Proportions of combination domed chamber, mihrab &lvan based on
geometrical systems (Author-2013)

name of A B c b . - o 9y
mosque
Gawhar
Shad Mosque V3a Véa a a 7/8a  a 7/8a 0.5a
Mir
Chagmagq V6a V3(3++v2)a2 a a VZa +2a ﬁ @
Mosque V5 24/5
Mosque of 2
Torbat-i-Jam <\/2+ (\/g)) a (V3+V2)a a (3-1)a +v2a +2a a 0.5a

17671 1
—’7 H nihm‘r l vt | [H
=y

E domed chamber

F
Ivan
D
L e | Pl c
v
- A

Key of Table 7.8 (cruciform Key of Table 7.8 (square shape)

Table 7.9 : Proportions of combination domed chamber, mihrab &ivan” (Author-2013)

combination lvan,
domed

domed chamber& lvan chamber Mihrab
name of mosque Mihrab
width length 00 length  width  length  width  length  width
Gawhar Shad 17A 24A 14  09A A A A 09A O05A
Mosque
Mir Chagmaq 24A 38A 15 A A 14A 14A 06A 03A
Mosque
Mosq”e\f;r:”bat"' 23A 31A 14 A 07A 14A 14A A  05A

7.2.2.4. Windows
Gohar Shad mosque lacks windows in its domed chamber, but its darkness is not due to
its lack of windows. Both Mir Chakhmaq and Torbat Jam mosques have small windows

and apertures. In the second case study, four little hollow apertures stood in the upper
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level of transition section, while in the third mosque, four windows stood (bigger than

Mir Chakhmaq mosque’s windows) in the transition level (Figure 7.10).

Mir Chakhmaq mosque mosque of Torbat Jam

Figure 7.10: Position of domed champers’s windows

7.2.2.5. Material
All Timurid case studies were covered with plaster as its dominant material, but other
materials were concentrated in special sections or more embellishment (Figure 7.11) such

as:

O Ornamentation with dark-blue and gold line, and also blue inscription bands in Gohar
Shad mosque

O panel of blue-glazed tile mosaic in Mir Chakhmag mosque for emphasizing horizontal
elements

O Decoration with black line and yellow bands in the mosque of Torbat Jam

Goharshad mosque Mir Chakhmaq mosque  mosque of Torbat Jam

Figure 7.11: Material of domed chambers (Author-2012)
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7.2.2.6. Load bearing System or Supporting System

In a domed chamber section, the architectonic concept of load bearing system is a
composition of positive and negative arches, which are symmetrically surrounding a
central plan. Positive shape patterns are dedicated to the blind arches or solid walls (such
as Mihrab), whereas the negative shape pattern (which is related to the same pattern of
positive shape) exposed the setting of the opening sides surrounding the central plan (refer
to Figure 7.12). In all case studies, the positive shape can only be seen in the Mihrab,

while the other three sides have negative shapes (opening to Ivan and naves).

Comparingwith the Timurid case study, the main point that is to be addressed is the
decrease in height from the first to the third case studiy. Among Timurid samples, only
Mir Chakhmag mosque was designed based on the Persian typical load bearing system
(blind (open) arch-main blind (open) arch, blind (open) arch), concentrating on the center
of each side, symmetrical pattern on four sides of the domed chamber, and the division to
two horizontal sections (Figure 7.13& Table 7.10 ). Gohar Shad mosque was designed
with three vertical levels, without concentrating at the center of the side and the
supporting system of the Torbat Jam mosque, lacking any special ornamentation and
focusing only on the Mihrab. In addition, none of the Torbat Jam and Goharshad mosques
accounted for any symmetry on four sides, but the side of the entrance and the Mihrab is

similar.
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Figure 7.12: Common compositional pattern of load bearing
system surrounding domed chambers (Author-2013)

A NSNS m

N Y VYL [
. /\ o

AN Y N

Goharshad mosque

Mir Chakhmaq mosque mosque of Torbat Jam

Figure 7.13: Load bearing system of domed chambers (Author-2013)
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Table 7.10 : General analysis of domed chambers (Author-2012)

Elements of internal facade

Geometrical pattern

=
dimension relation . =
Domed chamber  shape Loe_ld Transition section opening %
bearing = plan Facade
L W H 2 3 1 2 3 4 5 Ivan nave  Mihrab
Timurid
Gawhar Shad Square 20 20 29 1 6 v v v v ) 3458 145
Mosque _
Mir Chagmaq 12. 12. 18 v v v v 2
Mosque Sguare St Tt T 5 14 v 4 g 1345 1
Mosque of Cross- 13 v v v
Torbat-i-Jam  shaped 1010 5 Lo v v 4 248 1,34

load bearing system
1.blind arcade
2.open arcade

transition system
1.squinch
2.pendative
3.recumbent arch
4.arch-net ( squinch-net)
S.mugarnas
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7.2.2.7. Transition System

According to Liza Gilombek (1988, p. 103), transition systems can be classified into two
main categories: functional (squnich, recumbent arches ,pendentives) and nonfunctional
( arch-net ,mugarnas). Nonfunctional transition systems can be used together with

functional ones.

In the Timurid case studies, the first and second samples used popular Persian transitional
system (squinch); in Mir Chakhmag mosque, four squinches and four main blind arches

were integrated and formed a unique combination (see Figure 7.14& Table 7.10).

Goharshad mosque Mir Chakhmaq mosque

Figure 7.14: Transition tier of domed chambers (Author-

7.2.2.8. Geometrical System of Domed Chamber
Table 7.10 and Figure 7.15 show the usage of Persian geometrical systems in both facade
and plan of the internal domed chamber. The information was derived from Table D-3 in

the Appendix D.

O More similarity can be seen in the plans rather than the internal fagade.

O In the plan of the Timurid case studies, the most useful systems were in the order of
three, four, and one.

O In the internal fagade, none of Persian geometrical systems was repeated in all

Timurid samples, with the useful ones being determined to be one and four.
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Figure 7.15 Table: Most useful geometrical systems in
domed chambers(Golombek et al., 1988)
7.2.2.9. Horizontal Proportion of Domed Chamber
Table D-3 in the Appendix D displays the geometrical analysis of Timurid domed
chamber based on the Persian geometrical system. The results were shown in Table 7.11,

and then revised , summarized in Table 7.12.

O Gohar Shad mosque was a diverse length proportion to the other, due to the wide lvan
and Mihrab.

O In Mir Chakhmag mosque, all main openings, including theMihrab, entrance, and
main vaulted tunnel have the same length, but in Gohar Shad mosque, the length of
the lvan is equal to the Mihrab, with all vaulted tunnels being either similar or smaller.

O The thickness of the walls decreased from the first to the third Timurid case studies.

Table 7.11: proportions of domed chamber‘s plan based on Persian geometrical patterns
(Author-2013)

name of

mosque A B C D E F G H
Ga",\mgi“"‘d a a 7a8 a4 ald 7a/8 a/8 V2a
4
Mir Chagmag , ., % 4 (B50Q+2aa) @ V2a V2a
Mosque V5 45 23 V5 8 4
Mosqueof . =~ . . L a (V5-2)a 2a-(V5(v2-1)a)  (V2-1)a
Torbat-i-Jam a a NS NS NG NG NG
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Key of Table 7.11 (cruciform Key of Table 7.11 (square shape)

Table 7.12: Proportions of horizontal dimension of domed chambers (Author-2013)

length
main seconda of wall .
name of length  width "¢ vaiited Y Mihrab  between MOKMe
mosque tunnel vaulted corrido $S
tunnel rs
Gawhar Shad A 09A 025A 025A 09A  012A  0.35A
Mosque
Mir Chagmaq A A 045A 045A  0.1A  045A  02A  0.35A
Mosque
Mosque of 14A  1.4A A 045A  045A  01A  02A  0.2A
Torbat-i-Jam

7.2.2.10. Vertical Proportion of Domed Chamber (Internal Facade)

As similar horizontal proportions, the outcomes of Table D-3 in the appendix D were

firstly proposed in Table 7.13, and were refined in Table 7.14.

O

Generally, the overall height of the domed chamber decreased from the first to the
third case studies, with the early Timurid case studies having taller and smaller domed
chambers.

The height of the lead bearing system decreased in the Timurid period from the first
to the third case studies.

The exclusion of the mosque of Torbat Jam, which is composed of one shell dome
and height of the dome, differed from the others; height of internal dome in other case
studies became steady, and the height of transition system was not greatly altered.

The height of the main and secondary vaulted tunnels is equal in all Timurid samples.

239



Table 4.13: Proportions of domed chamber‘s facade based on Persian geometrical
patterns (Author-2013)

name of A A A A A 5 c 5
mosque
Gawhar
Shad \2/—% (V2+2)a (V2 +2)a ((\/?;2)) _\2/_; a a2 (V2 +2)a
Mosque 8 8 2
Mir
Chagma 2a a a a a Va
q NG NG NS NG NG NG a2 3a/2
Mosque
Mosque
of (Y5-1)a (V5-1)a - al2 * 2(V5-1)a-v2a & (VI5+1)a
Torbat-i- 2 2 V5 - 242 W
Jam
C A
4 — Height of internal domed chamber= height of load
A T Y Y bearing system+ transition system+ height of internal
ALY AN iml'n ;UH dome
“[_II ] A ,H‘“l 1l
Key of Table 7.13

Table 7.14: Proportions of vertical dimension of domed chambers (Author-2013)

- .9 — j -
name of load bearing = g E gé
mosque load lower upper main secondary E = % 3 S &

bearing section section  corridor corridor = = ©
Gawhar
Shad Mosque 0.9A - - 0.4A 0.4A 0.3A 05A 1.7A
Mir 0.25
Chagmaq 0.75A 0.45A 0.45A 0.45A 0.45A A 0.5A 15A
Mosque
Mosque of ) 0.25
Torbat-i-Jam 0.6A 0.6A 0.5A 0.45A A 0.35A 1.2A
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7.2.3. Double dome

After the innovation of continuous double dome during the Illkhanid era, the usage of
double dome was continued in Timurid architecture, albeit with a novel face;
discontinuous double dome that can be identified as one of the most popular structural
features of this period. Timurid architecture is remarkable for the colossal scale of most
buildings, so that high domes with two separate shells can increase the height and
diameter of the domes. Among the Timurid case studies, the mosque of Torbat Jam
neglected this principle, because it only has one shell dome located on top of its

cruciform-shaped sanctuary (see Table 7.15, Figure 7.16).

Table 7.15: General analysis of double dome (Author-2012)

2. 5 Typeot -
€E = internal shell i
Name of mosque §_ g 2 E CHx shell drum material
g5 £
|_ .
» type H* type H* type  outer inner
= - .
Gawhar Shad = B g M 59 Bulbous 54 o
Mosque g = circular 3
- g S 3
= + £ = 9
= = = D —
) E S g g =
Mir Chagmagq e = . . e
ircular 18. in 27 w
Mosque g g 38  circula 8.3 pointed
wn
Mosque of ) ) ) ) ) ) ) ) )
Torbat-i-Jam

MirChkhmaq mosque Gohar Shad mosque

Figure 7.16: Domes of Timuird case studies (Author-2012)
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7.2.3.1. External Shell

This is what it appears to be from the outside of dome buildings, and it is the only
architectural item that was conceptually found synonymously during several Islamic
epochs. Figure presents a common geometric prototype for pointed and bulbous dome.
There are two different approaches for covering the external shell. The first case study
(Gohar Shad mosque) used a bulbous (onion) shell, which is an innovation in Timurid
architecture, and was developed in later Persian periods and out of the territory of Persia.
Secondly, the latter case study (Mir Chakhmag mosque) followed the old manner for the

external shell, and used a pointed shell (see Figure ).

7.2.3.2. Proportions of External Shell
Comparing the proportion of external domes (see Table 7.16and Figure 7.19) showed that

the bulbous shell domes are higher than the pointed shell dome among the samples.

Table 7.16: Proportions of external shell of double domes (Author-2013)

Name of Pointed dome Bulbous dome

mosque L, Lo H> angel H L, Hi L, H» L3 H
Gawhar

Shad 0.3a 0.15a 1.5a 0.75a 0.1la 0.75a
Mosque

Mir

Chagmagq 0.5a 0.25a 0.31a 25° 0.4a

Mosque

Mosque of
Torbat-i-Jam

7.2.3.3. Internal shell

The covered internal domed chamber has simple geometric formation compared to the
external shell, and it fully conformed to the external shell for transferring the forces from
the upper component to the lower ones. The most common prototype for internal shell

formations was determined as semicircular, pointed, and ribbed pointed. Mir Chakhmag
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is semicircular (saucer shape), but Gohar Shad mosque is slightly pointed (see Figure

7.18).
pointed dome bolbous dome
Figure 7.17: Common geometric prototype for pointed and bulbous
dome(Ashkan & Ahmad, 2010)
Goharshad mosque Mir Chakhmaq mosque ;
goharshad mosque Mir Chakhmaq mosque
3 e B 2 T . I0.15a
a \ “‘ 03la 0.4a '
0.75a ) 1
" T0.15a
1.5a
Figure 7.19: Type and dimension of _ Figure 7.18: Type and dimension of
external shell of double domes (Author- internal shell of double dome (Author-

Transition tier and load bearing system were described in domed chamber and squinch

elements.

7.2.3.4. Drum

Drums are often cylindrical in form, and are where the external shell rests upon.
Moreover, it is the only component of the dome to have opening windows, which provides
lighting for the internal domed chamber. All of the Timurid case studies followed the

cylindrical form.
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7.2.3.5. Material
All of the samples from the Timurid period have been covered by washed plaster

internally, and mosaic faience externally (refer to Figure ).

7.2.3.6. Thickness
The thickness of both the internal and external shells was gradually reduced from the base

to the top of the dome in Timurid case studies.

7.2.4. Squinch

As it was mentioned in 4.4.4, different types of squinch can be categorized into four types

(Figure 7.20 & Table 7.17):

O Simplest type: a beam across the corner with revetment of the arch-net or
mugarnas

O acellular console squinch

O semi-domes or groined vaults

O nested or stepped arch

With the notable exception of the mosque of Torbat Jam, which utilized a recumbent arch,
squinch was used in two other Timurid case studies. The earliest Timurid case studies
have the simple form of squinch and a beam across the corner, with plaster revetment of
the arch-net, while Mir Chakhmaqg mosque used the typical and widespread form of
Timurid squinch - groined vaults- with additional ornamentation on the inside (squinch-

net or arch-net).
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Table 7.17 : General analysis of squinch (Author-2013)

Name of . position
type material
mosque Ivan dome  entrance
A beam across the corner
Gavl\\;lr:;r Sgad with plaster revetment of Plaster - v -
q arch-net
Chgmr:qa Groined vaults with Plaster ) v )
amaq revetment of arch-net
Mosque

Goharshad mosque Mir Chakhmaq mosque

Figure 7.20: material and type of squinchs (Author-

7.2.5. Pointed arch

As mentioned in 4.4.6, compared to circular and simple pointed arch (like Gothic arch),
pointed arches within three or four centers have become the most popular type of arches

in Persian Islamic architecture.

With regards to Table 7.18, in the Timurid era, the best arch type for covering a wide and
high space was type 3-1, called “Panj-O Haft kond” in Persian architecture. Pirnia(1991,
pp. 15-42) mentioned in his book that “arches and vaults (chefthavataghha)” :Panj-O Haft
is one of the most resistant Persian pointed arch, making it appropriate for wide spaces in
Persian mosques, such as domed chamber, south lvan, and the entrance (refer to Figure

7.22).

Contrasting type 3-1, type 4-1, or “She-E Bakhshi-E Tond” (in Persian architectural
manuscript) was used for small and low space as non-load bearing arches, and it is

suitable only for ornamentation purpose and not for structural reasons. It can be seen in
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the courtyard facade and secondary Ivans (outside) of Timurid case studies (refer to
Figure 7.21). Types 6-1 and 6-2 were called “Shabdari-E Tond” and “Shabdari-E Kond”,
respectively; and were utilized similarly for both inside and outside for covering small

spaces, such as Mihrab (Figure7.23 & Figure7.24).

// N /
N { N /
i
(12 ;% \\\ \\\\ /
<& 776e
K, ]
\\ N \\\
NOX e /2
S s P
\ . Vara N R

Figure 7.22: Arch type 3-1(Panj-O  Figure 7.21: Arch type4-1 (She-E
Haft) (Pirnia, 1991) Bakhshi-E Tond)(Pirnia, 1991)

Figure 7.24: Archtype6-1(Shabdari- Figure 7.23: Arch type6-
E Tond) (Pirnia, 1991) 2(Shabdari-E Kond) (Pirnia,
1991)
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Table 7.18: General analysis of pointed arch (Author-2013)

Name of mosque type Position
Inside Outside
I = ‘@ k]
Zlolg|2lzles el | 88| 8|S |58
SElc|s|S|s|s|BE|e| S
Os| = 81 3|2|8 |8|%
1 v x
2 v x
3 Gawhar Shad 7 %
7 Mosque 7 *
5 v x
6 v x
7 v x
8 . v x
9 Mir Chagmagq 7 %
10 Mosque 7 o
11 v x
12 v x
13 v x
14 v x
15 Mosque of Torbat v <
16 Jam v <
17 v x
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7.2.6. Main findings of Persian elements in Timuird mosque

(CS1-Goharshad Mosque, CS2-Mir Chakhmaqg Mosque, CS3-Mosque of Torbat

Jam)

lvan

0

Design based on the most popular Persian mosque type- four Ivans mosques (CS1,
CS2).

Design based on one or two ivans mosque (CS3).

South Ivan as the main lvan was bigger and deeper than the other lvans (CS1, CS2).
South Ivan was only related to domed chamber (CS1, CS3).

All Ivans are located in the center of each side (all CSs) and in a line behind the
facade (except south lvan of CS1).

South Ivan and the others were related to all spaces in and around themselves (CS2).
The typical horizon form of an Ivan is rectangle in Persian mosques (all CSs).
Vaulted tunnels encompass ivans(all CSs), and vault of Ivans have additional plaster
revetment of squinch-net (arch-net) (CS3).

The dominant material was mosaic faience, chiefly for external parts of Ivans (CS1,
CS2), plaster (CS2, CS3), and mosaic fiancé (CS1) for the internal parts.

Typical form of south Ivans comprised of ““ a band throughout lvan, a spandrel, a
plinth, open arch” (CS2, CS3), or the other type is” a band throughout Ivan, a
Spandrel, a plinth, open arch, inscription frieze, and two big minarets “which
extended to ground were inserted to south lvan(CS1)”.

The system of structure was vaulted tunnels (all CSs), however, the revetment of

squinch net (arch-net) was determined to be covered vault in mosques (CS3).
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O Mosques were designed without any wall between the south Ivan and domed
chamber (CS1, CS3), or open vaults were connected between the south Ivan and the
domed chamber (CS2).

O Other Ivans are similar to the typical form of south Ivan, including a band throughout
the lvan, a spandrel, a plinth, and open arches (all CSs). (CS3) had additional
decorations in the form of squinch net.

O Inthe facade, the most practical patterns are one, two, five, and eight (all CSs).

O Patterns three and four are most useful patterns in plans (all CSs).

O The ratio of length-to-width and height is similar (CS2, CS3), and in Goharshad
mosque is larger due to the insertion minaret and size of courtyard (CS1).

O Ratio of length-to-height is similar (all CSs).

O Among these minor demotions, vertical elements are more similar in proportion
rather than the horizontal elements, as other functional sections such as domed
chamber and naves influence the second group. Among the vertical elements of the
Ivan’s screen, the length of the opening to the backspace and the height of thelvan
(from the ground to top of spandrel) are similar (all CSs).

O Similar to the south Ivan, patterns one,two,five, and eight are the most used patterns
in the facade of the north Ivan (the same east and west Ivans), while patterns one,
three, and four can be seen in the plans (all CSs).

O In comparison to the south lvan, other Ivans of Timurid samples are more of a match
in the ratio of length-to-width and height, with the exclusion of the north lvan of Mir

Chakhmag (all CSs).

Domed chamber

O Timurid mosques have diversity in the form of domed chamber; square (CS1, CS2),

and cruciform (CS3).
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Persian Powerful combinational patterns (Ivan, domed chamber, Mihrab) (all CSs).
Relations of domed chamber to nave, with three vaulted tunnels on both sides (all
CSs).

The central vaulted tunnels between the naves and domed chamber increases the size
and difference of the type of vaults (SC2).

High relation between the domed chamber and the south Ivan and Mihrab (CS2,
CS3).

Positive shape in the domed chamber can only be seen in theMihrab, whilethe other
three sides have negative shapes (opening to the Ivan and naves) (all CSs).

Persian typical load bearing system (blind (open), arch-main blind (open) arch, blind
(open) arch), with the concentration at the center of each side, and symmetrical
pattern at four sides of the domed chamber, with a division to two horizontal sections
(CS2).

The usage of popular Persian transitional system — squinch with revetment of arch-
net (CS1, CS2), and recumbent arch (CS3).

Using four small windows and apertures in the upper level or the same level of domed
chamber (CS2, CS3).

Covering domed chamber with plaster as a dominant material, but utilizing other
materials as a concentration in special section or more embellishment (all CSs).
Using Persian geometrical patterns three and four in the plans (all CSs), and 1 in
CS2&CS3.

Using Persian geometrical patterns one and four in the fagcade (all CSs).

A decrease in the ratio of length to width of the combination (domed chamber, ivan,

mihrab) from the first to fourth Persian case studies (all CSs).
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O The proportion of the domed chamber‘s length and width becoming steady (CS2,
CS3).

O The ratio of length- to -width for Ivan and Mihrab becoming stable (all CSs).

O Similar lengths of the entire main opening of the domed chamber, including Mihrab,
the entrance, and main vaulted tunnel (CS2).

O The decrease of the domed chambers thickness from the first to third case studies
(all CSs).

O The decrease of the domed chamber‘s height from the first to third case studies (all
CSs).

O The reduction of the load bearing‘s height and internal height from the first to the
third case studies (all CSs).

O The height of the internal dome becoming steady (CS1, CS2), and the height of the

transition system not undergoing much changes (all CSs).

Double dome

O Using discontinuous double domes (CS1,CS2)

O Different approaches for covering external shells: bulbous (onion) shell that is
MKinnovation (CS1), and pointed shell as an old manner for an external shell (CS2).

O Simple geometric formation in the internal shell of domed chamber, with
semicircular (saucer shape) (CS2) and slightly pointed (CS1) shapes.

O The bulbous shell dome (CS1) is higher than the pointed shell one (CS2).

O Drumis often cylindrical in form where the external shell rests on (CS1, CS2).

O Double domes of the mosques, covered by washed plaster internally, and mosaic
fiancé externally (CS1, CS2).

O A gradual decrease in the thicknesses of both internal and external shells from the

base to the top of dome (CS1, CS2).
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Squinch
O Using the first type of asquinch, which isa beam across the corner with plaster
revetment of arch-net (CS1), and also typical and wide spread type of Timurid
squinch - groined vaults (CS2).
O Using additional ornamentation (squinch -net or arch-net) inside the squinch

(CS1, CS2).

Pointed arch

O The best arch type for covering a wide and high space was type 3-1 and 3-2, called
“Panj-O Haft-Tond” and “Panj-O Haft-Kond”. It is appropriate for wide spaces in
Persian mosques, such as the domed chamber, the south Ivan, and entrance (CS1,
CS2, and CS3).

O Type 4-1 or “Se-E Bakhshi-E Tond” was used for small and low space as a non-load
bearing arch, and it has an ornamental purpose rather than a structural one. It can be
seen in the courtyard fagade and secondary Ivans (outside) (CS1.CS2).

O Type 6-1 and 6-2, called “Shabdari-E Tond” and “Shabdari-E Kond”, respectively,
were utilized as the same type both inside and outside to cover small spaces such as

Mihrabs (CS2, CS3).
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Phase two: comparison between Timurid and Safavid case studies with Mughal

case studies (early and high phases)

7.3. Phase Two-Level One: The Comparison between Timurid and Early Mughal

Case Studies Based on Second Proposition

This section is level one of phase two of results and discussion, which described the
results of second proposition of Timurid architectural influence in Mughal buildings as
direct influence. This level focuses in comparison between Timurid and early Mughal

case studies.

7.3.1.1lvan

One of the fundamental characteristic of Mughal mosques is multiplicity access from two
or three sides, unlike the Timuird mosques. Each entrance link and merge with an Ivan,
consequently it can be composed the gateway complex. Fatehpur sikiri mosque has three
ivans instead of typical four ivans in Timurid mosque. Because the north lvan was
replaced by the tomb. Among these three ivans, the south and west were connected to

gateways, so that the size is differenced with less depth.

7.3.1.1. Relation of Ivans

The west Ivan followed the most useful pattern in Timurid case studies that a Ivan
connected to all behind spaces both internally and externally. Even though the slight
alteration with Timurid pattern can be seen. The gibla side of Ivan has three vault tunnels

due to complete symmetry with the domed chamber (refer to Figure , a).

The relational of pattern that specified to big south Ivan that include three smaller ivans

that merged with big vestibule and Boland Darwasa gateway as majestic part of mosque
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(refer to Figure 7.25.b). The relational pattern of east Ivan (see Figure 7.25, c) is totally
similar to second prevalent pattern in Timurid ivans (see Figure 7.3) that each ivan only

link to one inside space and courtyard.

Figure 7.25: Patterns of ivans‘s relation with other spaces (Author-2013)
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like the Timurid case studies, the ivans of Fatehpur sikiri mosque as early Mughal case
study have rectangle form, but the south and east ones are rectangular with high length

and low width , because of combination ivans with gateways.

7.3.1.2. Structure of Ceiling
The west Ivan as biggest one was covered by semi dome and has revetment of mugarnas.
The south and west ivans were covered by vault tunnel with small depth. These two ivans

had similar structure with Timurid case studies (see Figure 6.80).

7.3.1.3. Material
The chief material for all ivans are red sand stone that ornamented by yellow sand stone
and mosaic inlay work. So that the material of Ftehpur sikri mosque is different with

Timurid case studies, only in using mosaic faience (see Figure 6.80).

7.3.1.4. Elements of lvan‘s Facades

Gibla Ivan (west Ivan): the element of facade in Fatehpur sikir mosque comprise: open
arch, spandrel, band throughout lvan, inscription frieze above main arch, parapet, chatris
and mini minaret. Exclusion chatris (as local Indian elements) and parapet, the other
elements is approximately similar to Timurid architecture especially south (gibla) lvan of
Goharshad mosque. Some alteration can be recognized such as: decrease the size of
minaret and convert to mini minaret as ornamental not structural, increase the number of

open arch (three), omission of plinth (refer to Figure 7.26)
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chatris 1_‘:%}\ ﬁ r?f
parapet 4 nhndnnn A
p minaret Inscription frieze

= Inscription frieze spandrel d @
A - spandrel Arch-net / f {)

mini minaret « |
» band ——————
band < (- —
[ } » open arch open arch  +— ﬁ‘ ﬂ ﬂ
> plinth
Goharshad mosque Fateh put sikiri mosque

Figure 7.26: Elements of fagade in gibal Ivan (Author-2013)

East and south ivans: these are similar to west ivan and they were followed the general
combination of Timurid ivan pattern with some changes. Unlike the west ivan of Fatehpur
sikiri mosque, the east one has only one big open arch and the south one has three big
open arch , due to combination with the majestic Boland Darwza gateway . In addition,
the using blind arch (for both south and east one ) and division inscription frieze above
central arch of south Ivan are the alteration in comparison with west ivan (refer to Figure

6.80).

7.3.1.5. Geometrical System and Proportions of lvans
With regard to Table D-4(in the Appendix D- geometrical analysis of early Mughal
mosque), Table 7.19 and with comparison them with Table 7.1 (Persian geometrical

systems in Timurid ivans), This points can be viewed:

More similarity with ivans of Timurid mosques can be seen in the plan especially with
west Ivan in Fatehpur sikiri mosque and (the analogous geometrical systems are three and
four). In the facade, only geometrical systems two and five were used in both Timurid

and early Mughal samples (Figure 0.27). Moreover, the proportion of ivans that was based
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on geometrical systems (refer to Table XI), shows in Table and the
displays in Table 7.20 .

revised results

\
v
'l I
A ERE -
system 2

P

_-//

P\
system 3

system 4

system 5

Figure 0.1 :Most useful geometrical systems in ivans(Golombek et al., 1988)

With comparing these results and proportions with Timurid ivans (refer to Table 7.3
,Table 7.5 & Figure 7.27 ), it can be concluded that The proportions of west ivan in
Fatehpur Sikiri mosque in more similar to south ivan of Mir Chakhag mosque. Only the

former mosque has higher height. In the other ivans (south and east), the proportions can

be matched with none of Timurid case studies, due to combination with gateway.

Table 7.19: Proportions of ivans based on geometrical systems (Author-2013)
name of ivan length width height he_|ght of height of dome
minarets
west ivan V3a V3/V5a  V3a(l++2/8) - V3a(l+1/2)
East ivan V3a - V3/5 a+V3a - -
South ivan 7a - 3a - -
Table 7.20: Proportions of ivans (Author-2013)
name of ivan length width height he_lght of  height of
minarets dome
west ivan A 0.7A 1.2A - 1.5A
East ivan A - 1.4A - -
South ivan 2.3A - A -

257



7.3.2. Domed Chamber

The domed chamber as main part of prayer hall is located in west site in all Mughal
mosques in contrast to Timurid mosques. Due to the direction of Mecca is the west in

India and in the south in the Persia.

7.3.2.1. Form
The form of domed chamber like two Timurid case studies (Goharshad mosque and Mir

Chakhmaq mosques) is square.

7.3.2.2. Relations of Domed Chamber

The Fatehpur sikri mosque was designed according to the square with three vault tunnels
in the all sides that connected domed chamber to its behind prayer halls , mihrab and ivan
similar to Goharshad mosque and Mir chakhmaq mosques(see Figure ,Figure , Figure

7.28). However, the central tunnels are bigger and higher like Mir chakhmagq mosque

mihrab Fain mihrab )m’hrab

.unlike the Timurid one

corridor Somidor
e i domed chamber main corndor nave
nave
o corridor

corridor l’aiﬂ cormdor

van

Figure 7.28: Organization of domed chamber
in Fatehpur sikri mosque (Author-2013)
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s, this manner repeated in the west (gibla side) and east (entrance side), consequently it
can be seen three mihrabs in the domed chamber (the multiplicity of mihrabs is one the

characteristic of Fatepur sikir mosque).

7.3.2.3. Combination of Domed Chamber, lvan & Mihrab
The famous and powerful Timurid combination of lvan and domed chamber was

continued in the Ftaehpur sikri mosque as early Mughal architecture (see figure 6.89).

7.3.2.4. Proportions between Domed chamber, lvan and Mihrab

Table D-4 in the Appendix D represents the geometrical analysis of Fatehpur sikiri
mosque based on Persian geometrical systems. Then the results shows in Table 7.21 and
revises in Table 7.22 . Final results must be compared with Timurid case studies (refer to

Table 7.9) . These results can be recognized as below:

O The overall ratio of length- to- width for combination of domed chamber, gibla
Ivan, mihrab is like Timurid case studies, but the separate proportions for length
and width are similar only to Gohar shad mosque.

O In comparison to Timurid case studies, Ftarehpur sikiri mosque has less depth of

Ivan and smaller mihrab (due to the multiplicity of mihrabs in domed chamber).

Table 7.21: Proportions between domed chamber, mihrab, gibla Ivan based on geometrical
systems (Author-2013)

name of mosque A B C F G H

D E
Fatehpur sikri /4 (1 4 i) ¢« Via a V3 Vi5a  +15a
—a
5

—— Yiaa 1/8a
mosque NG 145 1445
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Table 7.22: Proportions between domed chamber, mihrab, gibla Ivan (Author-2013)

combination lvan+

domed chamber+ Mihrab lvan domed chamber Mihrab

name of mosque
q length

width width width

length width length width length width

Fatehpur sikri
mosque

25A 17A 1.5 A 0.8A 12A 12A 0.25A 0.12A

7.3.2.5. Windows

Like to two late Timurid case studies (Mir chakhmag and Torbat jam mosques) (refer to
Figure 7.10, Figure 7.29), Fatehpur sikri mosque has four windows in the domed
chamber. On the other hand, the size and position of windows is similar to Torbat jam

mosque in transition sections.

niNih
Figure 7.29: Position of windows in
domed chamber (Author-2013)
7.3.2.6. Material
The main material of Fatehpur sikir mosques is red sand stone unlike Timurid case studies
that used plaster, but the other material as revetment is similar especially to Goharshad

mosque. Fatehpur Sikir mosques was ornamented with glazed tile, covered ,and painted

inscription (see 6.80).
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7.3.2.7. Load Bearing System

Analogous Mir chakhmag mosque, Fatehpur Sikri mosque followed the typical pattern of
domed chamber that comprise :open arch(blind) arch, main open(blind) arch ,open(blind)
arch , with concentration the central arch in the each sides and symmetrical pattern in four
sides . However, the difference is that Mir chakhmag mosque has two identical horizontal
levels and Fateh pursikiri has one horizontal level in its load bearing system (refer Figure

7.30).

\
/ j)

\

Upper level of lead bearing
| —p- system
— ] — lower level of lead * h " [ “ ()
bearing system

Fatehpur sikiri mosque
Mir chakhmagh mosque

Figure 7.30: Load bearing system of domed (Author-2013)

7.3.2.8. Transitional System

Transitional system of Fatehpur sikri also like Mir chakhmag mosque, which includes
four arch and four squinch. But the changes can be seen in two points: firstly, separation
of each arch and squinch with using vertical bands in early Mughal sample, in contrast
of Timurid one that each arch link to the next with using” arch-net”. Secondly , the lack
of specific boundary in the up and down level of transition tier system in Mir chakhmagh
mosque , even though two horizontal bands were applied in Fatehpur sikiri mosque(
simple band in the lower level and the rows of little arches in the upper level) (see

Figure7.31).
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Fatehpur sikiri mosque
Mir chakhmagh mosque

Figure 7.31: Transitional system of domed chamber (Author-2013)

7.3.2.9. Geometrical System of Domed Chamber

Based on Table 6.20 and Table D-4 (in the Appendix D), and comparison with Table
(geometrical systems in Timurid domed chambers), more similarity with Timurid
(particularly Gohar shad mosque and Mir chakhmag mosque) can be seen in the plan

(geometrical system four) (see Figure 7.32).

Vel ZA//’/

N < ‘
T \ = 7
v \ing | \ ~~ ‘ V1A
X ,\ Y \ ~. 2 {1 DA
d ~.
3 1 \ T
\,/ 3 e —
- . z (Bvs)A2 (V5-1)A/2
A 8 9
system 4 system 5 system §

Figure 7.32: Used geometrical systems in domed chamber (Golombek et al., 1988)

7.3.2.10. Horizontal Proportion of Domed Chamber

With regard to Table D-4 (in the Appendix D) and Table 7.23, Table 7.24, and then the
results compared with Timurid horizontal proportions (refer to Table 7.12). These points
can be regarded; the proportions of horizontal dimensions of this domed chamber is more
similar to Mir chakhmag mosque with a little change; decrease the length of all open
arches (entrance, mihrab, and vault tunnel to naves) and increase the length of wall

between open arches.
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Table 7.23: Horizontal proportions of domed chamber based on geometrical systems
(Author-2013)

name of mosque A B C D E F G H
Fatehpur sikri
mosque a a4 al4 a/8 a/4 V2a/4 a/2v/5
L
e []
D B
(]
| |
Key of Table 7.23

Table 7.24: Horizontal proportions of domed chamber (Author-2013)

length
name of main secondary of wall
length  width entrance vaulted vaulted Mihrab  between  thickness
mosque tunnel tunnel corridor
S
Fatehpur sikri A A 0.25A 0.25A 0.12A 0.25A 0.35A 0.25A

mosque

7.3.2.11. Vertical Proportion of Domed Chamber

Table 7.25 &Table 7.26 show the vertical proportions of Ftehpur sikiri mosque‘s domed
chamber according to Table D-4 (in the Appendix D). The results, that were compared
with Table including. The proportions between vertical dimensions in domed chamber
of Ftehpur sikiri mosque is more equivalent to the late Timurid case study (Torbat jam
mosque) specially in overall height of domed chamber. Height of internal dome (both of
them have one shell dome), but some alteration can be seen: growth the height of

transitional system and small decrease the height of load bearing system.

Table 7.25: Vertical proportions of domed chamber based on geometrical systems
(Author-2013)

name of A A A As Ay B C D
mosque
Fatehpur —p an - vojaa  (VBa—1)4 D8 (VE/2-V2/Ma  (a/2 +V2/Da

sikri mosque
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Key of Table 7.25

Table 7.26: Vertical proportions of domed chamber (Author-2013)

. o — S
name of load bearing = g E Eé
mosque load lower upper main secondary E c g 3 ss

bearing section section  corridor  corridor = = °
Fatehpur - g50 gsA - 035A 03A 065A 035A 12A
sikri mosque

7.3.3. Double dome

The domes of Fatehpur sikiri mosque has one shell, so that it didn’t follow Timurid

architecture, which uses double dome.

7.3.4. Squinch

Architects in the early Mughal case study used several types of squinch that all types are
similar to squinches in the Timurid case studies. These include groined vault with
revetment of arch-net, a beam with revetment of arch-net (as simplest type of squinch),
and groined vault. Even though in the smaller prayer halls behind domed chamber was
applied the local Indian type of squinch in the corner of transition tier section (refer to

Figure 6.92).

7.3.5. Pointed arch

With regard to Table 6.22and Table 7.18, the similarity between Fatehpur sikiri mosque

and Timurid case studies can be seen in using arch type 3-1 that called “Panj-O Haft
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Tond” in Persian architecture .In addition , the other arch type, type 3-2(Panj-O Haft
Kond), also was used in this Mughal mosque. The former was used in most of the spaces
both inside and outside, and the later was used for covering main vault of east and south
entrance (very big spaces). These two arch type is very similar to each other and they are
from one category ( Panj-O Haft) .type 3-2 is suitable for covering bigger spaces, so that

the slope of arch is less in order to cover big space .

7.3.6. Main Findings of Timuird Elements in Early Mughal Mosque

Table 7.27presents the main finding of Timurid architectural elements in early Mughal
period case study (shah mosque) based on five Persian architectural elements (Ivan,

domed chamber, double dome, squinch, and pointed arch).
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Table 7.27: Summery of Timurid elements in early Mughal period (Author-2013)

1= Level of
(5] .. .
= similarity
£
u feature Early Mughal case study Timurid case studies o | B
S (Fatehpur sikri mosque) o 515
I3 2| 3| =
e IS
number three number of Ivans four number of v
Ivans(CS1,CS2)
West ivan: relation with all | South Ivan and others were
behind spaces from four related to all space in the 4
relation side around them(CS2)
east ivans : relation with Relation with domed
only corridor and chamber and courtyard from 4
courtyard two sides (CS1-south ivan)
Center of each side and in
i i i v
the line with _behlnd Center of each side and in a
space(east ivan) . .
placement - - line to behind facade(all
Center of each side and in CSs)
front of behind v
spaces(west & south ivans)
The typical horizon form The typical horizon form of
form . ! v
of lvan is rectangle Ivan is rectangle(all CSs)
Only west ivan was
Structure - Ivans were covered by
- covered by semi dome and 4
of ceiling vaulted tunnels (all CSs)
others by vault tunnels
The dominant material was
Main material is red sand mosaic fiancé chiefly for
Ivan material stone with elaboration of | external of lvans (CS1, CS2), | v
yellow stone and mosaic plaster (CS2, CS3) for
internal.
a form of gibla Ivans
comprised” a band
Qibla ivan gibla Ivan is more similar | throughout Ivan, a spandrel,
s facade to CS1 only in using mini a plinth ,open arch, v
¢ minaret, chhatris, parapet, | inscription frieze and two big
minarets “which extended to
ground(CS1)
Other Other ivans is similar to Typical form of lvans that
lvans ‘s Timurid specially east one, | including: a band throughout
facade south ivan comprise three Ivan, a spandrel, a plinth, v
big open arch open arch. (all CSs)
_ In the facade, the similar | In the facade, the most useful
8 pattern is 2,5 systems were 1, 2, 5, and 8. v
s = (all CSs)
e 2¢
SE= systems 3, 4 are most systems 3, 4 are most useful
(<) 8 © H H /
oh IS useful in plan in plan(all CSs)
578
% ~ Ratio of length to width and height is similar to CS2 4
e the height of dome is the same CS1 v
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- Level of
c .. .
2 similarity
[«5)
o feature (EFa;tIé/hMughaI case study Timurid case studies o &
S pur sikri mosque) o 515
I 2| 83| =
i IS
= pattern 1,2(only south Pattern 1,2,5, 8 are most
L = ivan) were used facade of | usage pattern in the facade v
S5 others of other Ivans
Ivan % - Pattern 4 can be seen in | Pattern 1, 3, 4 can be seen in v
= GE) § the plan the plan(all CSs)
2 = Other ivan have different Other Ivans have more
s proportions due to diverse match in ratio of length to v
e form width and height(all CSs)
form The form of domed the form of domed chamber v
chamber was square was square (CS1, CS2)
Relation of domed chamber with naves in three vaulted v
tunnels in both side
Relation with mihrab and Relation with mihrab and
gibla ivan with in three gibla ivan with in one v
relation opening opening
Similarity with CS2 in using different type and size of v
vaulted tunnels to naves
Persian Powerful combinational patterns (lvan, domed v
chamber, Mihrab) similar to all CSs
Load Positive shape in domed chamber only can be seen in
bearing Mihrab and other three sides have negative shapes v
system (opening to Ivan and naves) similar to all CSs
More analogous with CS2 , in using typical pattern (open
arch-blind arch Oopen arch , open arch) with some change v
:decrease two horizontal section to one
b q Main difference is in the number of mihrab (three ) v
chgmte)er transitional | Fatehpur sikri mosque followed CS2 with some alteration
system omission arch-net between main arches, highlight vertical 4
division between main arches
material Red sand stone plaster as dominate v
material
windows Four windows like CS2 and specially withCS3( in size v
and position),
Using Persian geometrical Using Pers_ian geometrical
systems 5,8 in facade systemsl in facade CS1, v
’ CS2), and 4 (CS1, CS3).
Using Persian geometrical Using Per_sian geometrical
Geometry systems 4,5 in plan systems in plan 3, 4 (all Y
and _ ' _ CSs_), ar)d 1(CS2, CSB)._
proportion The ration of length to width (combination three spaces is v
similar particularly CS 1,2
The ration of length to width for mihrab is dissimilar v
with all CSs
The ration of length to width for lvan was similar CS3 v
with decrease of size
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Persian element

feature

Early Mughal case study
(Fatehpur sikri mosque)

Timurid case studies

Level of
similarity

none
moderate
high

Domed
chamber

Geometry
and
proportion

The ration of length to width for domed chamber can’t
match with all CSs

AN

The horizontal proportions of domed chamber is more
similar CS2 with some alteration

All opening like mihrab , entrance , vaulted tunnels to

naves have different leng

th dissimilar with all CSs

Central symmetry for all
sides

v

domed chamber‘s
thickness was 0.25 A

Height of internal dome(0.35A ) domed
chamber ‘s height (1.2A) and similar to CS3

growth the height of transitional system and small
decrease the height load bearing system dissimilar with

all

CSs

Pointed
arch

Type

Type

type 3-1, 5are suitable for
wide and high spaces(all
CSs)

The most appropriate arch
was type 3-1 both small
,low and big ,high spaces

Type 4-1,6-1,6-2 are
appropriate small and low
space(all CSs)

squinch

Type

Groined vault with
revetment of arch-net,
Groined vault ,
A beam with revetment of
arch-net

Groined vault with revetment
of arch- net (CS2),
A beam across the corner
with revetment of arch-net
(CS1)

material

red sand stone

plaster

CS;. Gohar shad mosque (first Timurid case studies)
CS2: Mir chakhmag mosque (second Timurid case studies)
CSs: Torbat Jam mosque (third Timurid case studies)
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7.4. Phase Two-Level Two: The Comparison between Timurid and Safavid Case

Studies Based on Third Proposition

In this level of results, Shah Mosque as Safavid case study was compared with Timuird
case studies. This section is level two of phase two (belongs to third proposition of
Timurid influence in Mughal architecture -indirect influence of Timurid architecture in

high Mughal mosque via Safavid era).

7.4.1. lvan

Shah mosque like Timurid case studies (Goharshad mosque, Mir chakhmag mosque)

followed the most popular Persian mosque type- four lvans mosques.

7.4.1.1. Relation of Ivans
Shah mosque was completely similar to Mir Chakhmagq mosque in using relational
patterns with functional elements. All ivans were associated to adjacent space (naves,

domed chamber, corridors) by vaulted tunnels (see Figure 7.33).

nave or
domed chamber

| l\'aull

vault vault

nave
nave ivan

courtyard

Figure 7.33: Pattern of relation of ivans with other behind spaces (Author-2013)
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7.4.1.2. Form
The type of of ivans‘s form in shah mosque, similar to all Timurid case studies, is

rectangle, and the size of each diverse based on the position of ivan.

7.4.1.3. Structure of Ceiling

All Ivans of Shah Mosque surrounded by tiers of mugarnas forming semi-domes.

7.4.1.4. Material

As it was mentioned in literature review (4.4.9), the prevailing material in both entrant
and external of Safavid buildings was polychrome or seven colors that named “Haft
Rang” tile in Persian language .Four ivans of Shah Mosque fully embellished by
polychrome (seven color tile) with colors dark blue, white, green, above high continuous

marble dado, (see Figure 6.67).

7.4.1.5. Elements of lvan Screen

South Ivan of Shah Mosque is more similar to Goharshad mosque in using inspiration
frieze, minarets with slight alteration such as the minarets of Shah Mosque extended from
top of behind facade. Moreover, using mugarnas system as revetment of covering,
continuance of domed chamber‘s articulation in internal fagade of Ivan (load bearing
system and transition tier) and also omission of inscription frieze are particular feature of

Shah mosque that didn’t use in Timurid samples (see Figure7.34). Other Ivans were
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composed of mixture the typical Timurid form of Ivan and special characteristic of this

mosque.
M minaret
. ;. > band
Ins;‘;};tgon /\ - spandrel ﬂ; Mugarnas
Blind arch
m > plinth

Goharshad mosque

Shah mosque
Figure 7.34: Elements of south ivan‘s facade (Author-2013)

7.4.1.6. Geometrical System and Proportions of lvans

Table D-5 (in the Appendix D) and Table 6.14 represents the geometrical analysis of Shah
Mosque based on Persian geometrical systems that was shown in Figure 7.35. In
comparison of shah mosque and Timuird case studies (Table ), Shah Mosque continued
the manner of Timurid mosques in both plan and facade. For example: south lvan of shah
mosque is similar to Timurid mosque, particularly with Mir chakhmag mosque that
geometrical systems comprise: one, two, five, and eight for facade .and also one, four,
and five for plan. For other lvans, the geometrical systems that were applied in Shah

Mosque in both plan and facade is similar to Timurid case studies.

2l ‘ “ \ ’ Ay 5~ ’ \\ '~ //’ ‘
e i vy AT \ @ \ ™ ¢ PR ER}H
1A | ¥ \ b )
VoA ~ X ‘ 4 \l ! \\ F
P - —

N 2 BNz ez
A

system 4

A

s ) .
sstem 1 system 2

system 5 system &

Figure 7.35: Used geometrical systems in shah mosque‘s ivans(Golombek et al., 1988)
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Table 7.28 shows the proportion of ivans based on Persian geometrical systems With
regarding Table D-5 (in the Appendix D), then the revised results show in Table 7.29. In
comparison this table and proportions of Timuird ivans (Table 7.3, Table 7.5, Table 7.7),
south ivan of Shah Mosque is so similar to Gohar Shad mosque for the reason that both
of them were as Jami mosques. Exceptions the height of dome in Safavid mosque is
higher than Gohar Shad mosque. Beside that, Timurid proportions of other ivans

diminished in both vertical and horizontal dimensions of Shah mosque.

Table 7.28: Proportions of ivans based on Persian geometrical systems (Author-2013)

name of ivan length width height he_lght of height of dome
minarets
South ivan V3a V3/2a @ (V2+1)a @
North ivan V3a a V2a -
East and west ivan V3a a V2a

Table 7.29: Proportions of lvan (Author-2013)

height of  height of

name of ivan length width height :
minarets dome
South ivan A 0.5A A 1.4A 2.2A
North ivan A 0.6A 0.8A
East and west ivan A 0.6A 0.8A

7.4.2. Domed Chamber

7.4.2.1. Form
Square pattern that was used in two Timurid case studies (Goharshad and Mir chakhmag

mosque), repeated in the Shah mosque of Safavid period.
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7.4.2.2. Relations of Domed Chamber

Domed chamber of Shah Mosque is more similar to second Timurid case study (Mir
Chakhmaqg mosque). In comparison of Timurid sample, the size of entrance and central
vaulted tunnel are wider so that the central space appeared brighter and more fluid (see

Figure 7.36& Figure 7.7).

Mihrab

cormidor cormidor

nave main corridor nave

domed chamber maia corridor

cormdor

Ivan

Figure 7.36: Organization and relation with
other spaces of domed chamber (Author-2013)

7.4.2.3. Combination of Domed chamber, Ivan & Mihrab
Shah mosque was designed based on the popular combinational patterns between domed

chambers, Ivan, mihrab that is similar to all Timurid case studies.

7.4.2.4. Proportions between domed chamber, Ivan and mihrab

Table XII (in Appendix) shows geometrical analysis of Shah Mosque based on Persian
geometrical system. Table 7.30 represents the proportion of this mosque based on results
of Table XI. Then the revised results that display in Table 7.31 , were compared with
proportions of Timurid domed chambers (refer to Table 7.9 ). These points can be

regarded as below:
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O In comparison of Timurid samples, the ratio of length -to -width decreased in Shah
Mosque.

O The ratio of length- to -width for south ivan , mihrab and domed chamber are similar
to Timurid case studies, especially with Torbat jam mosque ( in south lvan ), but
the proportions of domed chamber and mihrab declined .so that domed chamber of

Shah mosque appeared in the smaller dimension than Timurid ones .

Table 7.30: Horizontal proportions of combination domed chamber, Ivan &mihrab based
on Persian geometrical systems (Author-2013)

name of mosque A B C D E F G H
V3 V2 Vv3a +3a V2
Shah Mosque  +3a (\/E-E)a a V3 <T> “ = 5 (2 -1)a V32 (1- (7>> a

R . - il R
W H Mihrab

l
|
i
| B
|
|
I

E domed chamber

i F

Ivan

o | Pl

Key of Table 7.30

Table 7.31: Horizontal proportions of combination domed chamber, Ivan &mihrab
(Author-2013)

combination lvan+

domed chamber+ Mihrab lvan domed chamber Mihrab

name of mosque

length  width mgiﬂ length  width  length  width  length  width
Shah Mosque 1.7A 2A 1.2 A 0.6A 1.2A 1.2A 04A 0.2A
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7.4.2.5. Windows

Windows of the Shah mosque are combination of the windows in Mir Chakhmag and
Torbat Jam mosques, but the number of aperture in internal dome level in more( six
apertures ) and the size of lower windows are bigger than Timuird mosque(see Figure

7.37 & Figure 7.10).

"00‘0

Figure 7.37: Position of windows in
domed chamber (Author-2013)

7.4.2.6. Material
Seven color was applied with variable colors and floral motifs in domed chamber of Shah

Mosque (see 6.67).

7.4.2.7. Load Bearing System

In the Safavid case study, like the Timurid case studies, positive shape only can be seen
in Mihrab and other three sides have negative shapes (opening to lvan and naves). The
decline of load bearing‘s height in three Timurid samples, was continued in Shah Mosque
(more details descried in geometry and proportion of domed chamber). Shah mosque is
more analogous to Mir Chakhmag mosque, with more vertical articulation (blind (open)
arch, main blind (open) arch- blind (open) arch) and central vaulted tunnel posit in one

level unlike Mir Chakhmag. (See Figure 7.38).
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== Upper level of lead bearing /
] 4 D - system ‘ | I } -'
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— — - lower level of lead i 1 . L I. I
| bearing system 1 ] 1
Mir chakhmagh mosque Shah mosque

Figure 7.38: Load bearing systems (Author-2013)

7.4.2.8. Transitional System
The Safavid case study (Shah Mosque) also was continued using squinch with faintly

alteration: increase the height of this system, using horizontal bands in up and down of it

in order to separation from lead bearing system (see Figure 7.39).

e o Upper band

I ;;'\,f/_. 57 3 ~
V'V

I |

Arch-net

Arch-net

_____ = -
U UL
HJ_II 1 ll 1] i| el

Shah mosque

L 4) |
Mir chakhmagh mosque

lower band

Figure 7.39: Transitional systems (Author-2013)

7.4.2.9. Geometrical System of Domed Chamber
With regard to Table D-5 (in the Appendix D ) and Tble 6.15 show using Persian
geometrical systems in both fagade and plan of internal domed chamber of Shah Mosque

.In comparison between this table and Table 7.10 ,these points can be seen.
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O Inthe plan of Shah Mosque like Timurid samples, the most systems that was applied
were in order three, four, and one.

O The similar geometrical system in facade between Safavid and Timurid case studies
were one, four (Figure 7.40).

vislzA

4 J‘z HA /\ % Xi/,\/
N X

ERFISETY

A
A
system 1 system 3 system 4

Figure 7.40: Useful Persian geometrical systems in
domed chamber (Golombek et al., 1988)

7.4.2.10. Horizontal Proportion of Domed Chamber

Figure 7.32 shows horizontal proportion of domed chamber based on Persian geometrical
systems (refer to Table D-5 in the Appendix D). Then results were summarized in Table
7.33. With comparison this table andTable 7.12 (horizontal proportion of Timruid domed

chamber), these points can be achieved:

O Shah mosque generally is more similar to Mir Chakhmag mosque in length
proportion but with decrease in all size.

O In both of Mir Chakhmag and Shah mosques , all main opening including mihrab ,
entrance , main vaulted tunnel have same length ,but length of ivan in Shah mosque

is equivalent mihrab and all vaulted tunnels are similar .

Table 7.32: Horizontal proportions of domed chamber based on Persian geometrical
systems (Author-2013)

nameof — , g c D E F G H
mosque

Shah ., (Ba (51)a (9-3V5)a  (V5-1)a  (113V5)a 4
Mosque 25 25 85 25 85 2V5
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Key of Table 7.32

Table 7.33: Horizontal proportions of domed chamber (Author-2013)

length
main secondar of wall
name of length  width entranc vaulted vau);te d mihrab  between thickness
mosque tunnel corrido
tunnel
rs
Shah A 03A 03A  01A  03A 02A  02A
Mosque

7.4.2.11. Vertical Proportion of Domed Chamber
As similar the process in horizontal proportions, the results that were achieved (firstly
from Table D-5 and then Table 7.34 ) represents in Table 7.35. With comparison, these

results and Table 7.14(Timurid vertical proportions).these points can be regarded:

O Ratio of lead bearing‘s height to internal height was parallel to Torbat jam mosque

O In other height such as internal dome and domed chamber is more similar to Mir
chakhmag mosque.

O The height of main and secondary vaulted tunnels are not the same in Shah Mosque,
even though the equal height in Timurid samples.

O Generally, the main difference between Timurid and Safavid case studies is the
division between load bearing and transition height, Shah Mosque has lower lead
bearing and higher transition tier, so that Timurid one appeared higher than Shah

Mosque.
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Table 7.34: Vertical proportions of domed chamber based on Persian geometrical systems
(Author-2013)

name of A As Ao As As B C D
mosque
Shah (\/7 -2 )a \/i(\/g-l)a \/7(\/5-1)21
al al a/
MOSC]UE a/2 2 > 57 NG a/2 2 3a/2

LY
OO OO ll
Il[_]‘( u[ Asl| IH‘:]“ il

Key of Table 7.34

Table 7.35: Vertical proportions of domed chamber (Author-2013)

load bearing g T o

B .2 cE

name of mosque load | - d c = T S
oa ower upper main secondary g c £°

bearing  section section  corridor corridor
Shah Mosque 0.5A 0.5A 0.2A 0.4A 0.2A 0. 5A

= domed
chamber

o
o
>
o
>

7.4.3. Double Dome

7.4.3.1. External Shell

Shah mosque continued the manner of early Timurid mosque( Goharshad Mosque).The
type of external shell was bulbous with slightly change in comparison to Goharshad

Mosque(the lower arch was less curve ) (Figure 7.41).

7.4.3.2. Internal Shell

Safavid mosque (Shah Mosque) has deigned according to pointed formation that caused

to increase the height of internal domed chamber (Figure 7.41).
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shah mosque

Shah mosque

N

a

0.62a

Figure 7.41: Type of external and internal shell of double dome
(Author2013)

7.4.3.3. Proportion of External Shell

With comparison between Table 7.36 and Table 7.16 ,it can be concluded that shah
mosque followed Goharshad Mosque in using bulbous dome, Even though both
Goharshad and Shah Mosques were designed for congregational purpose .the first mosque

has bigger proportion in whole sections of external shell.

Table 7.36: Proportions of external shell of double dome (Author-2013)

Name of Bulbous dome
mosque L: Hi L, H> Ls H
Shah

0.25a 0.125a 1.25a 0.62a 0.05a 0.75a
Mosque

7.4.3.4. Material

Safavid sample was used the seven color tile in both internal and external shell.

7.4.3.5. Thickness
Similar the Timurid case studies, the thickness of both internal and external shells

gradually reduced from the base to the top of dome.
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7.4.4. Squinch

Shah mosque as Safavid case study followed Mir Chakhmag mosque in using groined

vault but with more simple face (without squinch-net) (refer to Table 7.17).

7.4.5. Pointed Arch

Based on section 2.3.5 of chapter two, one of the main characteristic of Safavid
architecture was simplicity in geometry and using identical size in the plan and facade of
buildings and also more attention to human proportions .So that Safavid architects
preferred to use the special arch that can cover both small ,low and big ,high spaces . The
most appropriate arch was type 3-1 (Panj-O Haft) for inside and outside of Shah Mosque.

This arch was used for both wide, high and low spaces (refer to Table 7.18).
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7.4.6. Main Findings of Timurid Elements in the Safavid Mosque (Shah Mosque)

Table 7.33 presents the main finding of Timurid architectural elements in Safavid case
study (shah mosque) based on five Persian mosque elements (lvan, domed chamber,

double dome, squinch, and pointed arch).

Table 7.33: Level of similarity between safavid and Timurid case studies (Author-2013)

Level of
Persian feature Safavid case study Timurid case studies Slmltlsam
element (Shah mosque) g 8. B
c g <
four number of
number four number of lvans Ivans(CS1,CS2) v
South Ivan and others were | South Ivan and others were
relation related to all space in the related to all space in the v
around them around them(CS2)
. . Center of each side and in a
Center of each side and in . -
placement . . line to behind facade(all v
a line to behind facade CSs)
The typical horizon form The typical horizon form of
form : ! v
of Ivan is rectangle Ivan is rectangle(all CSs)
all lvans of Shah Mosque
Structure surrounded by tiers of Ivans were covered by v
of ceiling mugarnas forming semi- vaulted tunnels (all CSs)
domes
The dominant material was
VAN aterial | fllyembellished by | Mmosac flancechieflyfor |
ol chrglme (seven colo>r/tile) external of Ivans (C51.’ €s2),
poly plaster (CS2, CS3) for internal.
South Ivan is more similar to a form of south Ivans
CS1 only slight alteration comprised” a band throughout
South Ivan such as minarets extended Ivan, a spandrel, a plinth ,open v
‘s facade from top of behind facade. arch, inscription frieze and two
Moreover, using mugarnas big minarets “which extended to
system ground(CS1)
Other Ivans were
composed of mixture the Typical form of lvans that
typical Timurid form of including: a band throughout v
Other Ivan and special Ivan, a spandrel, a plinth,
lvans ‘s characteristic of this open arch. (all CSs)
facade mosque.
open vaulted was open vaulted was connection
connection between south between south lvan and v
lvan and domed chamber domed chamber (CS2)
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Level of
similarity
Persian feature Safavid case study Timurid case studies =
elements (Shah mosque) 2 3| s
2 3| £
g
In the fagade, the most In the facade, the most useful
. useful systems were 1, 2, 5, systems were 1, 2, 5, and 8. v
Persian and 8. (all CSs)
geometrical ["gystems 3, 4 are most useful | systems 3, 4 are most useful in v
Syst%ms in plan plan(all CSs)
pro;c?rtions Ratio of length to width and height is similar to CS1 v
(south Ratio length to height is the Ratio length to height is the v
Ivan) same same (all CSs)
Among these miner demotions, vertical elements have more v
lvan similar proportion rather than the horizontal elements(all CSs)
systems 1,5,8 were used in systems 1’2.’5’ 8 are most
. the faca d«’a (’)f other Ivans usage pattern in the facade of v
Persian other Ivans
geometrical ["svstems 1, 3, 4 can be seen | systems 1, 3, 4 can be seen in v
Systems in the plan the plan(all CSs)
and_ Other Ivans have more Other Ivans have more match
Proportions | aich in ratio of length to in ratio of length to width and v
(other width and height height(all CSs)
fagade) Shah mosque has less deep and high lvans than Timurid v
form The form of domed the form of domed chamber v
chamber was square was square (CS1, CS2)
relation of domed chamber | relation of domed chamber to
to nave with three vaulted nave with three vaulted v
tunnels in both sides tunnels in both sides(all CSs)
. L The central vaulted tunnels to
Difference in size and type . .
of central vaulted tunnel to naves increased the size and v
differenced the type of
naves
relation - - - v_ault.(SCZ)
High relation between High relation between domed
domed chamber and south chamber and south lvanand | v/
Ivan and Mihrab Mihrab (CS2, CS3).
Persian Powerful Persian Powerful
Domed combinational patterns combinational patterns (Ivan, v
chamber (lvan, domed chamber, domed chamber, Mihrab) (all
Mihrab) CSs).
Positive shape in domed Positive shape in domed chamber
load chamber only can be seen in only can be seen in Mihrab and
bearing Mihrab and other three sides other three sides have negative v
system have negative shapes (opening shapes (opening to lvan and
to lvan and naves) naves) (all CSs).
Shah Mosque also was Usz_:lge of popular Persi_an
. . . transitional system — squinch
continued using squinch . v
transitional with faintly alteration with revetment of arch -net
system (CS1, CS2),
mosque this transition mosque this transition system
system was bold and was bold and specific with v
specific with ending line ending line(CS2)
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Level of

similarity
Persian feature Safavid case study Timurid case studies =
elements (Shah mosque) 2 S| s
2 38| E
£
the seven color tile( washed plaster internally and
Material polychrome) in both mosaic fiancé v
Double internal and external shell externally(CS1,CS2)
dome Reduction gradually from Reduction gradually from the
thickness | the base to tope externally , base to tope externally , v
internally internally(CS1,CS2)
Groined vault of squinch Typical type of Timurid
Type without arch-net (squinch squinch - groined vaults-with v
squinch net). additional ornamentation (arc-
net) (CS2).
material Seven color mosaic plaster v
type 3-1, Sare suitable for
Pointed Type The most appropriate arch wide and glgsh) spaces(all v
was type 3-1 both small ,low
arch and big ,high spaces Type 4-1,6-1,62 are
Type ’ appropriate small and low v
space(all CSs)
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7.5. Phase Two - Level Three: Comparison Safavid and high Mughal Case Studies

Based on Third Proposition

In this level of results, Taj mahal and Delhi Jami mosque as high Mughal case studies
were compared with Safavid case study. This section is level three of phase two (for third
proposition of Timurid influence in Mughal architecture -indirect influence of Timurid

architecture in high Mughal mosque via Safavid era).

7.5.1. lvan

Taj mahal mosque is part of big Taj mahal complex that is placed behind the tomb of Taj
mahal. This mosque was designed based on domed Ivan (kiosk) mosque that described in
section 4.3.1 of literature review .So that it has one Ivan in the center. The other high
Mughal case study, Delhi Jami mosque- as the biggest traditional mosque in the
contemporary India, was designed based on four lvan mosque (the popular Persian

mosque type) similar with Shah Mosgue.

7.5.1.1. Relation of Ivans

The west Ivan (gibla Ivan) of Taj mahal mosque is totally similar to Shah Mosque. It was
linked and connected to all behind spaces (refer to Figure 7.42a), however the Delhi Jami
mosque was only linked to domed chamber (refer to Figure 7.42, b). The other rational
patterns that were used in the north and south ivans and east ivan of Delhi Jami mosque
can’t be match with patterns of Shah mosque , and these ivans followed in early Mughal

case study due to merge with gateway complex ( see Figure 6.117).
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outside or domed
chamber

b

Figure 7.42: Patterns of relation of ivans with behind spaces
(Author-2013)
7.5.1.2. Form
Form of Taj Mahal & Delhi mosque‘s ivans are rectangular, however only west ivan is
like Safavid ivans , the others combined with vestibule of gateways and have long length
and small width .
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7.5.1.3. Structure of Ceiling
Like Shah Mosque, the west Ivan of Taj Mahal &Delhi mosque was covered by semi

dome, and the other ivans were roofed by vault tunnel.

7.5.1.4. Material

Unlike Safavid case study the material for west lvan of Taj Mahal is mixed of white
marble and red sand stone .moreover west lvan of Delhi Jami mosque is white marble
with revetment of red sand stone, but others totally were elaborated with red sand stone

(see Figure 101 & Figure 117).

7.5.1.5. Elements of Ivan‘s Facades
West ivan (gibla ivan): the similarity and difference between high Mughal and Safavid

case studies can be classified in these points( see Table 7.40 and Figure 7.43):

O Similarity with both Mughal mosques: using open arch, band, spandrel

O Similarity with Taj mahal Mosque: using plinth, mugarnas, type of open arch

O Similarity with Delhi Jami Mosque: using minaret, the size of band.

O Difference with both high Mughal ones: using parapet, floral patterns in the internal

walls instead of blind arch.

East and south ivans: other ivans of Delhi Jami mosque have different patterns in
comparison west ivan. The north and south ivans comprise two horizontal level and the
east one has three horizontal level. These ivans are totally different with ivans of Safavid

case study (Tble 7.40 &Figure 6.119).

287



Paraphet

) mini minaret
minaret NNONNNNNATNT
Spandrel > band
band Floral patterns Spandrel
/ \ Mugarnas
H {//\\\ H’ ) |
= plinth
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Figure 7.43: Elements of west ivans’ facade (Author-2013)

7.5.1.6. Geometrical System and Proportions of lvans

Gibla Ivan: Table D-6 & Table D-7 (in the Appendix D) and Table show geometrical
analysis of high Mughal mosque based on Persian geometrical system. In comparison
between high Mughal mosques and Shah Mosque (see Table 6.14), geometrical systems
of gibla lvan’s fagade cannot be match, and only geometrical system four was used in the

plan of all Safavid and high Mughal case studies.

Table 7.38 and then Table 7.39 shows the proportions of high Mughal west ivans ,even
though low similarity between Safavid and high Mughal mosque in using geometrical
systems, there can be seen high similarity in proportions of gibla ivan between Safavid
and high Mughal mosques exception the height dome in later Mughal case study( see

Table 7.29) .
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Table 0.1: Proportions of west ivans based on Persian geometrical systems (Author-2013)

hame of length width height heightof | oioht of dome
mosque minarets
Taj Mahal i
mosque @e/N5-1Da  2/2a 2a 3a
D,f,:g'séﬁgn' V3a 2\Ba  (2+V2)a/2  (L+UNEW3a  (2+V2)V3a/2
Table 0.2: Proportions of west ivans (Author-2013)
. . height of  height of
name of mosque length width height minarets dome
Taj Mahal Mosque A 0.4A A - 1.5A
Delhi jami Mosque A 0.5A A 14A 1.7A

Other ivans: for other ivans of Delhi Jami mosque, only the geometrical systems can
be studied, because the form of ivans is completely altered with Safavid one. In the
facade, system one in used in both case studies (Shah Mosque and Delhi Jami mosque),
in the plan, geometrical system one and four is parallel to Shah Mosque (refer to Table

7.40& Table D-7 of Appendix D and Table 6.14).
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Table 7.40: General analysis of ivans in high Mughal case studies (Author-2012)

- - Elements of Ivan “screen” . Location of Geometrical
dimension relation
the facade patterns
mosque shape material o S o o c 2
L W H 2 3 7 8 9 10 11 z & & § = S S,
c =) [F= o b [a ©
S L
§ Taj Mahal Mosque ~ rectangular 215 7 23 v Marb'setgr?g sand v 4 1,4
k7] . . White marble &
g Delhi Jami Mosque ~ rectangular 145 7.5 22 v v v V' ed sand stone - v v 3,4 1,2,5
Bast ivan of Delhi Jami rectangular 19 105 25 v v v v v Redsandstone «» - VvV 1,4 1,25
Mosque 5
- he]
North and south ivan of rectangular  12.3 5 20 v v v v v Redsandstone £ - Vv 1,4 1,24
Delhi jami Mosque 8
element of Ivan screen . .
1.inscription frieze 4 plinth 7.blind arcade 10.squnch net
2.spandrel 5.minaret 8.open arcade 11.parapet
3 band 6.scroll 9. mugarnas

290



7.5.2.Domed Chamber

7.5.2.1. Form
Square pattern that was applied earlier in Timurid, Safavid and early Mughal, used in

both high Mughal case studies.

7.5.2.2. Relations of Domed Chamber

The relational pattern of domed chamber with other spaces cannot be matched with
Safavid pattern and completely diverse, it was complete symmetrical in all sides. In the
center of each side, one vault tunnel can be seen to behind spaces; the west one was

regarded for mirab (see Figure 44).

Fi | ey, B o o o e o e o W
= ‘
e R ll--l]_‘th-ll
J?_d: _—'_LL__- dll-. llllb

Delhi j
Taj Mahal mosque CH jame mosque

Figure 7.45: Combination domed chamber, ivan, mihrab(Author-2013)

mihrab

nave corridor domed chamber

corridor ‘ nave

corridor

ivan

Figure 7.44: Organization and relation with other
spaces of domed chambers (Author-2013)
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7.5.2.3. Combination of Domed chamber, Ivan & mihrab
This powerful pattern was used in all Timurid and Safavid; Mughal case studies (see

Figure 7.44).

7.5.2.4. Proportion between Domed chamber, Ivan and Mihrab

Table D-6& Table D-8 (in the Appendix D) , Table 7.47 shows geometrical analysis of
Taj Mahal and Delhi Jami Mosques based on Persian geometrical system and Table 7.41
represents the proportion of this mosque based on results of Table D-5 & Table D-6 in
the Appendix D. Then the revised results that display in Table 7.42, were compared with
proportions of Timurid domed chambers (refer to Table 7.31). These points can be
regarded: more compatibility with shah mosque can be comprehended in Taj mahal
mosque as earlier high Mughal case studies , this similarity is the ratio length- to- width
of whole combination , the ratio length- to- width of gibla ivan . In addition, just one
likeness can be understood for Delhi Jami mosque in the ratio of length- to- width of

mihrab.

Table 7.41: Horizontal proportions of combination domed chamber, Ivan and mihrab
based on Persian geometrical systems (Author-2013)

name of A B C D E F G H
mosque

Tajmahal 2, 2 4y, (@V5+1a @ V2/2a @ & 1N5a 12V5a
mosgue 4 V5

Delhi Jami 1
mosque V3a(1+ ﬁ)

V3a a 2W5a a a 1W5a +V2/8a

M1 77T 1
HMihn\bT I

i

[

[

[

|

[

[

|

|

|

|

| E domed chamber
|

[ F

|

Ivan
D
L_J__E__L__J
A

Key of Table 7.41
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Table 7.42: Horizontal proportions of combination domed chamber, ivan and mihrab
(Author-2013)

name of mosque combination lvan+ Ivan domed chamber Mihrab
domed chamber+ Mihrab

length width length length width length width length width
/width

Taj mahal 2.25 1.9A 1.2 A 0.7A A A 0.54A 0.2A
mosque
Delhi Jami 2.5A 1.7A 1.5 A 0.9A A A 0.45A 0.2A
mosque

7.5.2.5. Windows
In contrast of Shah Mosque, none of high Mughal case studies have any windows in
domed chamber, so that for avoiding get dark space, the height of vault tunnels increased

heavily (refer to Table 6.24 & Table 6.29).

7.5.2.6. Material

Material is commonly related to climate and geographical conditions such as material in
both high Mughal phase that is dissimilar to Safavid case study. Domed chamber in Both
of these mosque covered by red sand stone and elaborated with white marble for floral

patterns(refer to Table 6.24 & Table 6.29).

7.5.2.7. Load Bearing System

The load bearing of high Mughal case studies unlike Safavid one , comprised one
horizontal level and one big vault tunnel without blind arch( the floral pattern replaced
it), so that these get simpler than domed chamber of Shah mosque(see Table 7.47, Figure

7.46).
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Figure 7.46: Load bearing system (Author.2013)

7.5.2.8. Transitional System

The transitional system of Taj Mahal mosque is more similar to Shah Mosque in
compared with Delhi Jami mosque. The first mosque has two clear horizontal band in top
and down of transitional system, but the later mosque only has down level and from the
up side combined with internal dome. The former mosque like Shah Mosque was used
arch-net for linking the eight main arch of transition system. Both of high Mughal cases

have similar squinch with Shah Mosque (see Table 7.47and Figure 7.47).
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Figure 7.47: Transitional system (Author-2013)

7.5.2.9. Geometrical System of Domed Chamber

With regard to Table D-7 & Table D-8 (in the Appendix D ), Table 7.47 show using
Persian geometrical systems in both facade and plan of internal domed chamber of Shah
Mosque .with comparison these tables and Table 6.15, this points can be seen. More
similarity can be seen in the plan with applying geometrical system one and four, it can’t
be realized in the facade, only geometrical system eight was used for both Taj Mahal and

Shah Mosques (Figure 7.48).

Val2A

N Aly o =
N . a2\ <
Nt ' - = W
X V1)A A \\( )A\ > (Ve-na2
V2A N N~ \ ~ ] N
X //\,/ \ el ~.
y 7
pattern 1 = (3-Vs)AN2 . (Ve-1)A2
pattern 4 pattern 8

Figure 0.2: Useful geometrical patterns in domed
chamber of hiagh Muahal mosaues (Author-2013)
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7.5.2.10. Horizontal Proportion of Domed Chamber

Table 7.43 shows horizontal proportion of domed chamber based on Persian geometrical
systems (refer to Table D-7 & Table D-8 in the Appendix D). Then results were
summarized in Table . In terms of horizontal proportions of Safavid domed chambers, it
was observed these points based on Table 7.44 &Table 7.33 : The horizontal proportions
of high Mughal mosques are less matched with Shah Mosque, because of difference in
relational patterns between Safavid and high Mughal mosque that explained before. In
the mosque of Delhi, the similarity only can be seen in the ratios of mihrab, entrance and

vault tunnel to nave.

Table 7.43: Horizontal proportions of domed chambers based on Persian geometrical
systems (Author)

A B C D E F G H

Tajmahal a a +2/2a +V2/2a - V2/2a  (2-V2)a/4 V2/4a
Mosque
DelhiJami a a a5 a5 - a5 (1-1V/5)a (1-15)a
Mosque

E l F ’ —

e ]

D B

AT

Key of Table 7.43

Table 7.44: Horizontal proportions of domed chambers (Author-2013)

name of length  width  entranc main secondar  Mihrab  length of  thickne
mosque e vaulted y vaulted wall Ss
tunnel tunnel between
corridors
Taj mahal A A 0.7A 0.7A - 0.7A 0.15A 0.35A
Mosque
Delhi Jami A A 0.45A 0.45A - 0.45A 0.3A 0.3A
Mosque

7.5.2.11. Vertical Proportion of Domed Chamber
As similar the process in horizontal proportions, the results that were achieved (firstly

from Table D-7& Table D-8 of Appendix D and then Table 7.45) represents in Table 7.46
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. In comparison between these results and Table 7.35 (Safavid vertical proportions).these

points can be regarded:

O Among the vertical proportions of Taj mahal mosque‘s domed chamber, only the

height of internal dome and total height of domed chamber are near to Shah mosque.

These ratios in the Delhi Jami mosque is incompatible with Safavid case study.

O The proportions of lead bearing and transitional systems of both Mughal case studies

can’t be matched with Safavid ones due to the lack of identical form in these two

systems, in comparison with Shah Mosque.

O The height of transitional system decreased and the height of lead bearing system

increased specially in Taj mahal and then in Delhi Jami mosque.

Table 7.45: Vertical proportions of domed chambers based on Persian geometrical

system (Author-2013)

name of A AL Az As Ay B C D
mosque
Taj 2a/5 2a/5 - (V5 - 1)a/ - (2V5-3)a/2v5 (8a~V5)/2+/5 (2+V5)a —
Mahal 2V5 1)/2
Mosque
Delhi  (4-v2)a/ 4-~V2)a/ - a5 - (V3 ++v2 - V2 -2V3 (3+V2) a/4
Mosque 4 4 4a/4 +3)a/4

i ‘!}h,"'. ll“\bl l]

“LJ" | 'M‘ i

Key to Table 7.45
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Table 7.46: Vertical proportions of domed chambers (Author-2013)

name of mosque load bearing o — .
pre i T o o
= o c E o Q
- 25 5 IS
load lower upper main secondary S c = s ss
bearing section section  corridor corridor + = ©
Taj mahal 0.9A 0.9A - 0.75A - 0.3A  0.65A 1.6A
Mosque
Delhi Jami 0.65A 0.65A - 0.45A - 0.2A  0.25A 1.1A
Mosque

Table 7.47: General analysis of domed chamber in high Mughal case studies (Author-2012)

Elements of internal facade

Geometrical pattern

load bearing system
1.blind arcade
2.open arcade

Domed dimension Load relation
chamber shape i iti i openin material
p bearing Transition section p g plan Fagade
L w H 1 2 1 2 3 4 5 Ivan nave Mihrab

Taj

Mahal  S%%& 11 11 15 2 3 v v v v v v Red sand 1.4 148
- stone

Mosque

Delhi

Jami Square 95 95 125 2 3 v v v v v Red sand 134 124
- stone

Mosque

transition system
1.squinch
2.pendative
3.recumbent arch
4 arch-net ( squinch-net)
S.mugarnas
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7.5.3. Double Dome

In contrast, of early Mughal case study, both of high Mughal mosque have designed based
on Discontinuous double dome. Jami mosque of Delhi is congressional mosque and
mosque of Taj Mahal is a little part of Taj Mahal complex, so that the first one has bigger
and higher domes. One of main characteristics of Mughal mosques is that division prayer
hall to three parts and using three domes above each part, the central dome is bigger than
the others are. Table 7.48 presents the general features of domes in high Mughal case

studies.

Table 7.48: General analysis of double domes high Mughal case studies (Author-2013)

Type of Type of

@ . S .
% internal shell  externalshell S  material
o ©
E Supportin  Transition C
é g system tier
s type H*  type e & 5 £

— Square with Squinch .

= @ g bearing wall  +mugarnas 31 Circular 18 Bulbous 36.5

© o o

=g S

_ e . .

e = 5 Squarewith Squinch 235  Circular 15 Bulbous 30 @ 2

> bearingwall  +mugarnas . o S
5 g 5§ 3
@ = € k=]
= 2 Square with 12 = 2 é
3 S qu Squinch 38 Circular Bulbous 295 ©O £ ©
s i< bearing wall 5 = 2
e
= c
E § S ith 9
- 2 quare wi - - .
% a) bearing wall Squinch 30 Circular 7 Bulbous 23
o

7.5.3.1. External Shell
Taj Mahal Mosque and Delhi Jami Mosque have bulbous type of external shell. that is

similar to Shah Mosque with some difference in proportions (Table 7.48).
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7.5.3.2. Proportion of External Shell

With concerning Table 7.49&Table 7.41 and Figure 7.49, generally the proportions of Taj
Mahal Mosque is more analogous to Shah Mosque than Delhi Jami Mosque, exception in
the height of upper arch (Hz). In addition, most of the proportions of Delhi Jami Mosque

decreased in comparison to Shah and Taj Mahal Mosques.

Lla 154 3 -
i0.05a " :
2
el L2
‘ 11
‘ -

Taj mahal mosque Delhi jame mosque

Figure 7.49: External shell of double domes in high Mughal case studies (Author-2013)

Table 7.49: Proportion of external shell of double domes in high Mughal case studies
(Author-2013)

Name of mosque Bulbous dome
L1 Hi L, H, L3 H
Taj Mahal Mosque 0.3a 0.25a 1.2a 0.25a 0.1a 0.8a
Delhi Jami Mosque  0.15a  0.05a 1.1a 0.5a 0.1a 0.6a

7.5.3.3. Internal Shell
Unlike the Safavid mosque that have pointed type, both high Mughal case studies have

circular type for internal shell (refer to Figure 7.50).

0.3a

Figure 7.50: Internal shell of double domes in high
Mughal case studies (Author-2013)
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7.5.3.4. Drum

Drum, like shah mosque, is cylinder in both high Mughal mosques.

7.5.3.5. Material
The material cannot be match with Shah Mosque, the domes of high Mughal ones were

covered by white marble externally and red sand stone internally.

7.5.3.6. Thickness
Similar to the Safavid case study, the thickness of both internal and external shells

gradually reduced from the base to the top of dome.

7.5.4. Squinch

With regard to Table 7.50 &6.17 about squinch , both high Mughal case studies followed
shah mosque in using groined vault as squinch , but the squinch of first one ( mosque of

Taj Mahal ) elaborated with mugarnas as additional revetment .

Table 0.3: General analysis of squinch in high Mughal case studies (Author-2013)

Name of type material position

mosque Ivan dome  entrance
Taj Mahal Groined vault with Red sand - v -

Mosque revetment of mugarnas stone
Delhi Jami Groined vault Red sand - 4

Mosque stone

Groined vault Red sand East
stone entrance

7.5.5. Pointed Arch

With regard to Table 7.51and Table 6.18, the arch of Taj mahal mosque have high match

with Shah mosque in using arch type 3-1 (Panj-O Haft) for inside and outside. But in the
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Delhi Jami mosque, few space have Persian arch (arch type 3-2 that is in the same category

with arch type 3-1) such as south , north and east gateways and ivans .Most of the arches

are cusped that belong to Indian arch .

Table 7.51: General analysis of pointed arch in High Mughal case studies (Author-2013)

Name of type Position
mosque
Inside Outside
Al N | A | A — = » & s | 28| E % % §
o bl x| ol B8 8B|le|s| 2|8 828|558
& s S| 5|3 2 535 2l s | < -
© el |wizg|o|l3|s5]| 3
» |z
1 v x
2 v x
B Taj Mahal | v x
Z Mosque v %
5 v x
6 v x
7 v *
) Delhi Jami v x
9 Mosque 7 <
10 v x

7.5.6. Main Findings of Safavid Architectural Elements in High Mughal Case Studies

Table 7.52presents the main finding of Safavid architectural elements in high Mughal case

studies (Taj mahal and Delhi Jami Mosques) based on five Persian mosque elements (Ivan,

domed chamber, double dome, squinch, and pointed arch).
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Table 7.52: Level of similarity between Safavid and high Mughal case studies (Author-2013)

element

feature

Similarity Shah mosque with

Taj Mabhal Delhi Jami
Mosque Mosque

None
Moderate
High
None
High

Description

Pointed

arch

Type of big
spaces

A | Moderate

<

Type of small
spaces

«
«

squinch

Type

Material

Double dome

External
shell

Internal
shell

Proportion
of external
shell

The proportions Taj mahal mosque is
more analogous to Shah Mosque
exception in the height of upper arch
(Ha).

Drum

Thickness

Material

Ivan

Number

Relation of
gibla ivan

Relation of
other ivans

Placement

Structure of
ceiling

Material

Qibla ivan
facade

Other ivan ‘s
facade

Persian
geometrical
systemsof
gibla ivan

Persian geometrical systems in the
facade

Persian geometrical systems in the
plan

Persian
geometrical
systems of
other ivans

- - - v

Persian geometrical systems in the
facade

- - - v

Persian geometrical systems in the
plan

eleme

nt

Similarity Shah mosque with

feature

Taj mahal Delhi Jami
Mosque Mosque

Description
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None

High

None

Moderate

High

Ivan

Proportions
of gibla ivan

« | Moderate

«

Proportions of
other ivans

Domed chamber

Form

Relation

Combination
domed
chamber ivan,

mihrab

Compositiona
| pattern of
negative and
positive
arches

load bearing
system

Transitional
system

windows

Material

ANRN

ANRN

Geometrical
system

Persian Geometrical patterns in the
facade

Persian Geometrical patterns in the
plan

Proportions

Proportion between domed chamber,
ivan, mihrab

Proportions in horizontal elements

Proportions in vertical elements

Mihrab proportion
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7.6. Phase Three: Comparison between Early and High Mughal Case Studies

This phase of chapter result and discussions specified to comparison between early and
high phase of Mughal case studies in order to the evolution and alteration of Timurid
architectural elements , the outcome shows that which of these elements changed and

combined with Mughal architecture or applied in the original phase.

Table 7.53 represents the level of similarity with Timurid architecture directly and
indirectly, direct similarity with Timurid architecture in early Mughal case study and

indirect similarity via Safavid architecture in high Mughal case studies.

The regarding point is that some feature of Timurid architectural elements didn’t continue
in Safavid case study and so that it can’ be find in high Mughal case studies .this

characteristic must be omitted including :

O The type of pointed arch for small spaces

O Material of squinch

O Material of double dome structure of ceiling in ivans
O Material of ivans

O Material of domed chamber
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Table 7.53: Level of similarity between high Mughal case studies (Author-2013)

, mugarnas

minaret , band

g 8 839 T o
b= == = > = >
E Feature Fatehpur Sikir | £ & Taj Mahl E <] Delhi Jami E%
2 Mosque s = Mosque 5 Mosque 52

B EE 23

| | 3
< | Type of big
% spaces Arch type 4 H Arch type 4 H Arch type 4,5 M
2
£ | Type of small
E spaces Arch type 4 N _ - - -

-Groined vault with
revetment of arch- Groined vault
net, with revetment of
S Type -Groined vault , H Mugarnas M Groined vault H
= -A beam with q
F revetment of arch-
net
Material Sand §ton§ and N - - - -
mosaic faience
External shell - - Bulbous dome H Bulbous dome H
© Internal shell - - Circular N Circular N
S
S — -
T | Proportion of Similar to shah Similar with
@ - - H decrease all M
o | external shell mosque di ;
3 imension
= Drum - - cylinder H cylinder H
Thickness i i Decrease from H Decrease from H
the base to top the base to top
Number three ivans N One ivan N Four ivan H
Form Rectangular H Rectangular H Rectangular H
. Similar to Mir -
Relation of - Similar shah
gibla ivan chakhmag with M mosque H N
some change
Relation of Similar Gihar H i ) N
other ivans shad mosque
Flat to H
< | Placementto facade(east) in the line with H In front of behind N
= facade In front of facade N behind spaces spaces (all ivans)
(others)
Semi dome N
Structure of (west) i i i i
ceiling Vaulted tunnels H
(others)
Material Red sand stone N - - - -
Qibla ivan Open arch, frieze, Open arch , band Open arch , band
facad band , spandrel M |, spandrel, plinth | M , spandrel, M
agade Similar Goharshad
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2 2 2
ER= Eo =
= .| EZ2 , = - T2
@ Fatehpur Sikir | £ € Taj Mahl sSx Delhi Jami =%
e Feature o= ) 9 B
ﬁ Mosque 5 = Mosque s < Mosque 5 =
= <3 R
(5] [<5] [<5]
- - -
Other ivan ‘s | Open arch, frieze M i i N
facade , band , spandrel
Geometrical
systems in
facade (gibla Pattern 2,5 M Pattern 1 M N
ivan)
Geometrical
systems in
plan (gibla Pattern 3,4 H Pattern 1,4 M Pattern 4 M
ivan)
§ Geometrical
- systems in Pattern 1,2 M - - Pattern 1 M
facade (others)
Geometrical
systems in Pattern 4 M - - Pattern 1,4 M
plan (others)
Rilgmgg‘hlgggth Ratio of length to
Proportions of height and height | H Ratio of length to M width and height H
gibla ivan g €19 width and height and height of
of dome ( similar minaret
to Gohar shad
Proportions of
others A i i A
Form Square H Square H Square H
Relation With three
domed vaulted tunnel M With one vaulted N With one vaulted N
chamber with | near like withMir tunnel tunnel
nave and ivan chakhamq
Combination
domed
chamber , ivan H H H
E , mihrab —
S : ike Mir
& | Loadbearing | oy hmaqwith | M N N
3 system
9 — some change
% Cogggrsrl]tlg?al Three negative Three negative Three negative
a P . arches and one H arches and one H arches and one H
load bearing o o o
positive arch positive arch positive arch
system
. Like Mir .
Transitional chakhmag with M Similar to Shah H N
system mosque
some change
Material red sand stone N i i i i
and mosaic faience
Windows Slr_nllar to Torbat H With out N With out N
jam mosque

307




2 2 2
5z Eo =
= .| EZ2 , = - T2
2 x Fatehpur Sikir | .= € Taj Mahl =% Delhi Jami =
5 eature mosque = Mosque s P Mosque s @
i a Ss q Ss q Ss
= = e
- - -
Proportion of
\I,Sir:j%:]hfgor Length H Length H Length N
L /width=1.5 /width=1.2 /width=1.5
combinational
spaces
Mihrab
& | proportions N N N
E
8 Horizontal Identical size of
-; Proportion neg_at_lve and M N N
GE) positive arch
S Vertical Overall height. Overall height.
o . height of internal | M | height of internal | M N
proportion dome dome
Geometrical
system in N N N
facade
Geometrical Pattern 4 M Pattern 1,4 M Pattern 4 M
system in plan
H: high
M: moderate
N: none
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7.7. Summary

7.7.1. Phase One: The Comparison between Timurid Case Studies

Based on Table 7.54, between functional elements, domed chamber in all Timurid case

studies have more similarity than ivan. Among formal elements, pointed arch has more

analogous in comparison to double dome and squinch.

Table 7.54: Summery of level of similarity between Timurid case studies (Author-2013)

High level of similarity between

case studies

Moderate level of similarity between

case studies

Combination with Mihrab and

south ivan
Relation with naves
Domed Material . Shape .
. Relation with south ivan
chamber Proportions -
. - Transitional system
Use Persian geometrical system .
- windows
Commotional pattern of
positive and negative arch
Shape Number of ivans
Structure Size of south ivan
lvans ; -
Proportions Material
Use Persian geometrical system Facade
General type
Double Drum Type of external shell
dome Material Type of eternal shell
Thickness
Additional ornamentation in the Tvpe of squinch
Squinch surface P d

Pointed arch

Type of arch for covering big
space

Type of arch for covering small
space
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7.7.2. Phase Two:

Directly and Indirectly

7.7.2.1. Level one: direct Timruid influence in early Mughal mosques:

The Comparison between Timurid and Mughal Case studies

Table 7.55 represents the different level of similarity of early Mughal period with Timurid

architecture. Formal elements such as pointed arch and squinch have more parallel than

functional elements. Transitional and load bearing system of domed chambers, geometrical

system and elements of fagade in lvan have combinational face between Mughal and

Timurid architecture.

Table 7.55: Summery of level of similarity between Timurid and early Mughal case studies

(Author-2013)

High similarity with all

Timurid cases

High similarity with one

Timurid cases

Moderate similarly

Form
Relation with naves
Combination with

Domed mihrab and ivan Type and size of load bearing svstem
chamber Commotional pattern vaulted tunnel to transi tiona?s ystem
of positive and nave Y
negative arch windows
Use Persian
geometrical systems
Placement of east Relation of south and Relation of west ivan
facade to behind east ivans with other - .
with other behind
spaces spaces
lvans Form Proportion (height of spaces
- Qibla ivan fagade
Structure of ceiling dome) .
. . Other ivans facade
east and south ivans The ratio of length to -
] . : Geometrical system
Geometrical systems width and height .
i in facade
in plan
Squinch Type of squinch _ _
Pointed Type of arch for big
arch spaces

310



In conclusion, the Fatehpur siskri mosque in each Persian architectural elements influenced

from one or two Timurid case studies more than other case studies such as:

O Domed chamber: Most similarity with Mir Chakhmaqg Mosque& Torbat Jam Mosque
O Ivan: Most similarity with Mir Chakhmaq and Goharshad Mosque Sgiunch: Most
similarity with Mir Chakhmag and Goharshad Mosques

O Pointed arch: similarity with all Timurid case studies

7.7.2.2. Level two: direct Timruid influence in Safavid mosque:
With regard to Table 7.56, both functional element of Shah Mosque as Safavid case study
compatible with Timurid architecture. Only pointed arch have less similarity with Timurid

architecture in comparison with other formal elements (double demand squinch).

In conclusion, the shah mosque in each Persian architectural elements influenced from one

or two Timurid case studies more than others:

O Domed chamber: Most similarity with Mir Chakhmag Mosque& Torbat Jam Mosque
O lvan: Most similarity with Goharshad Mosque

O Double dome : Most similarity with Goharshad Mosque

O

Sgiunch: Most similarity with Mir Chakhmag Mosque

O

Pointed arch: similarity with all Timurid case studies
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Table 7.56: Summery of level of similarity between Safavid and Timurid case studies
(Author-2013)

High s_lmlla_rlty with all High S|'m|Ia|j|ty with Moderate similarly
Timurid cases one Timurid cases
Form
Relation

Combination with
mihrab and ivan

Domed Transitional system Load bearing system
chamber Use Persian Proportions and ratio windows
geometrical systems
Commotional

pattern of positive
and negative arch

Number
Relation with other
spaces
Placement to beind
facade

lvans Form
Proportions and ratio
Structure
Use Persian
geometrical
systems( south ivan)

Use Persian
geometrical
systems( other
ivans)

South ivan ‘s facade
Other ivans ‘s
facade

Type of external

Double Drum shell Type of internal
dome Thickness Proportions and ratio shell
Squinch _ _ Type of squinch
Pointed Type of arch for big
arch spaces _ _

7.7.2.3. Level three: indirect Timruid influence in high Mughal mosques via Safavid
architecture:

With regard to Table 7.57, among formal elements, double dome and squinch have more
similarity with Safavid case study, exception in proportions of late High Mughal case
studies that was merged with Mughal architecture and then, pointed arch gradually

combined with Mughal architecture from the first to late high Mughal case studies.
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Between functional elements, domed chamber, in contrast Ivan, can be realized identical

manner (high and medium similarity from both high Mughal case studies). Both of these

elements have combined with Safavid and Mughal architecture.

Table 7.57: Summery of level of similarity between Safavid and high Mughal case studies
(Author-2013)

High level of

Medium level of

e High level of e Medium level of
Safz_:md S'm”?my Safavid Similarity Safgwd Slmll_arlty Safavid Similarity
with both high . . with both high . -
with one high with one high
Mughal case Mughal case stud Mughal case Mughal case stud
studies g y studies g y
Form Transitional
Combination domed Transitional system(HMCS2)
Domed chamber ivan, system(HMCS1) Geometrical ystem
. : : . Proportion between
chamber mihrab Mihrab proportion patterns in the plan
o . . domed chamber,
Compositional (HMCS2) vertical Proportions fan
pattern in negative o) mihrab(HMCS1)
and positive arches
geometrical pattern
N“mb?f (HMC.:SZ) of gibla ivan(fagade
Relation of gibla ) (HMCS1)
ivan(HMCS1) Qibla ivan ‘s facade -
lvans - . geometrical pattern
Structure of ceiling Placement to geometrical pattern .
facade(HMCS1)  of gibla ivan(plan) . O other ivans
cade . q P (facade ) (HMCS2)
Proportions of gibla P . £ ibl
ivan (HMCS2) roportions of gibla
ivan (HMCS1)
Double External shell Proportion of Proportion of
dome Thickness external _ external
Drum shell(HMCS1) shel(HMCS2)
. Type of Type of
Squinch - squinch(HMCS2) - squinch(HMCS1)
Type of arch for Type of arch for
Pointed small small
arch spaces(HMCS1) spaces(HMCS?2)
- Type of arch for big - Type of arch for big
spaces spaces
(HMCS1) (HMCS2)

HMSC1.: first high Mughal case study (Taj Mahal Mosque)
HMSC?2: second high Mughal case study (Delhi Jami Mosque)
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7.7.3. Phase Three: Comparison between Early and High Mughal Case Studies

Among the five Timurid architectural elements, formal elements including pointed arch,

squinch and domed chamber could be used in near original face with less change. Domed

chamber and Ivan as functional elements were needed to match with Mughal mosques due

to different combination between Timurid and Mughal mosques. Generally, in functional

elements, material, facade elements, proportions of facade less can be matched with

Timurid architecture as foreigner styles.

Below, the summary of influence from Timurid in whole Mughal period (early and high

phases) is given.

7.7.3.1.Domed chamber

0

In the both early and high Mughal period, high similarity with Timurid architecture can
be realized in form, compositional pattern of negative and positive arch, combination of
domed chamber with lvan and mihrab, in addition geometrical system in plan with
medium analogous.

Other features of Timurid architecture such as horizontal proportions, windows and load
bearing system, relation of domed chamber with naves and gibla iwan only can be seen
in early Mughal period.

Among proportions, ratio of length- to- width in combination (domed chamber, Ivan
and mihrab) completely matched with Fatehpur sikri and Taj mahal mosques.

In contrast Fatehpur sikri and Taj mahal mosques, the Delhi Jami mosque as one of
symbol of apex Mughal mosque, none of these characteristics matched with Timurid
and safavid architecture, these feature comprise: transitional system, vertical

proportions.
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0

Proportion of mihrab, geometrical system in fagade, material weren’t influence in none

of early and high Mughal period.

7.7.3.2. lvan

0

Among the Mughal case studies, only Delhi Jami mosque was followed four lvan
mosque with courtyard as Timurid typical pattern. Exception form of lvan, none of other
characteristic of lvan could not be coincident with Timurid ivans.

Even though high similarity with Timurid for early Mughal period can be seen in these
features: geometrical system in plan, proportions of gibla ivans and relation of other
ivans with behind spaces.

The relation with other spaces ,the location to the facade , the facade elements and
proportions of other ivans, the geometrical systems of gibla ivan are dissimilar from
Timurid and safavid models in Delhi Jami mosqgue ,in contrast with Fatehpur sikri and
Taj mahal mosques.

Among the Timurid geometrical systems, the similarities can be seen firstly in the plan
and then in the facade, and most of these similar systems used in the west lvan in
comparison other ivans. Geometrical system four and then one with the square base are
the most useful in Mughal mosques.

In general, proportions of west Ivan or gibla lvan could be matched with Timurid and
safavid lvan model , the main reason for this similarity is the combination west ivan
with domed chamber like Timurid and Safavid .Even though , Other ivans were
merged with big gateways and have diverse blends. So that, the elements of fagade in

west Ivan are mixture of more Timurid with Mughal architecture.
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7.7.3.3. Double dome

O This Timurid element could not be influenced in early Mughal period and it was
transferred via Safavid architecture in high Mughal phase, it can be seen in both high
Mughal case studies.

O Most of Timurid features can be found in these especially in Taj mahal mosque and only

the proportions of Taj mahal mosque matched with Timurid double domes.

7.7.3.4. Squinch

O The Timurid formal element could be applied in basic face with low alteration, diverse
type of squinch used in the early Mughal period, however only Timurid typical type
(groined vaults) can be found in the early (some domes and semi domes) and high (all

domes and semi domes) Mughal period.

7.7.3.5. Pointed arch

O In the two first Mughal case studies, the arch type 3-1 (Panj —O Haft) was applied for
all big spaces like Timurid and also Safavid architecture, in the Delhi Jami Mosque,
moreover arch type 3-1 and arch type 3-2 (from one category with 3-1), using cusped

arch as typical Mughal arch type can be seen greatly in many spaces.
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APPENDIX

Appendix A: List of all mosques (Timurid —Mughal - Safavid)

Table A-1: Timeline of Timurid mosques (Author-2012)

Name place Date of Period
construction
Great Mosque of Herat, Afghanistan 1200, 1498 Ghurid, Timurid(Golombek et
Herat al, 1998)
Shah zendeh Samarkand, Uzbekistan ~ 1350-mid 15th c.  Timurid(Golombek et al,1998)
mosques
Bibi Khanum Samarkand, Uzbekistan 1398-1405 Timurid(Golombek et al,1998)
Mosque
Gawhar Shad Mashhad, Iran 1405-18 Timurid(Golombek et al,1998)
Mosque (Golombek et al, 1998)
Friday Mosque of Torbat-i Jam, Iran 1442-5 Timurid(Golombek et al,1998)
Torbat-i-Jam
Mir Chagmaq Yazd, Iran 1437 Timurid(Golombek et al,1998)
Mosque
Ghiyathiyya mosque Khargird, Iran 1438-1444 Timurid(Golombek et al,1998)
Masjid-i Shah of Mashad, Iran 1451 Timurid(Golombek et al,1998)
Mashad
Masjid-i Mawlana Taybad, Iran 1444-5 Timurid (Pope.1965)
Darb-i Imam mosque Isfahan, Iran 1453, 1601,1670-  Timurid ,Safavid(Pirnia,2001)
71
Masjid-i Kabud Tabriz, Iran 1465 Timurid (Pirnia,2001)
Friday Mosque of Varzaneh,iran 1466-1721 Timurid, Safavid(Pope.1965)
varzaneh
Masjid-i Maidan Kashan, Iran 1468 Timurid, Safavid(Pope.1965)
Friday Mosque of Ziyaratgah, Afghanistan 1482-1485 Timurid(Golombek et al,1998)
Ziyaratgah
Shah Vali Mosque Taft, Iran 1468-1484 Timurid(Golombek et al,1998)
Chihil Sutun Mosque  Ziyaratgah, Afghanistan circa 1485 Timurid(Golombek et al,1998)
Kalyan Mosque Bukhara, Uzbekistan early 14th C., Shaybanid, Timurid
1514
Friday Mosque of Neyshabur ,Iran 1521, 1643 Timurid, Safavid(Pirnia,2001)
Neyshabur
Friday Mosque of Abrand Abad,Iran 16t Timurid(Pirnia,2001)
Abrand
Friday Mosque of Birjand,Iran 16t 18t Timurid , Safavid(Pirnia,2001)
Hendovalan
Ano mosque Eshghabad Turkmenistan 1447-1457 Timurid(Pirnia,2001)



http://archnet.org/library/places/one-place.jsp?place_id=1736
http://archnet.org/library/sites/sites.jsp?style=Ghurid
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=2070
http://archnet.org/library/places/one-place.jsp?place_id=2070
http://archnet.org/library/places/one-place.jsp?place_id=2193
http://archnet.org/library/places/one-place.jsp?place_id=2232
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=1821
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=1914
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=2152
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=1752
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=2148
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=1810
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=10762
http://archnet.org/library/places/one-place.jsp?place_id=12641
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/places/one-place.jsp?place_id=10762
http://archnet.org/library/places/one-place.jsp?place_id=1564
http://archnet.org/library/sites/sites.jsp?style=Shaybanid
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/sites/sites.jsp?style=Timurid
http://archnet.org/library/sites/sites.jsp?style=Timurid
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