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7. See: Byron, Pope, and Ackerman 1981.



8. Aring of radial buttresses

9. Swelling curve of the outer dome
15 26 g bl Ot Sy slad slaaticuy podle (559005 pae (sladisel 3 & Um0 S (izzen gl N+
(Byron 1981, 1332) &S’ o uate J5b a8 &y Sgpm
ul.uo ‘j BEE) 4.1'.5‘3).: LS) s d\.tbd)w X9 d)&w 4 45&&0.&9).»9 Olalllas 2 |) u.’l.cwol (.Jl?"gs‘ M
Sld i olul oplame SUS 5D Sy &nnn dtwsgrgd S Juad dlox cpl 51 0,8 oy wiled S wyp 0 1y la blseis
5 8l (glofag a5 Ly (sla Bbetd 4 (I3, 0 (smd S le el g (Bpma b oS sl oo psadli il
(QY\_Q\R AV ulg’)‘.o.:w) Ca ob)f u_B):w LJ L)" » l) Ltz:‘_;wbmo Sy 9 L,u.x.;ya st)]o L;J9>4)
Coildgs g axllae g o (g jlutitame LIS ol y3 pdud Loy 1255 (Bl o)l b S8 g JISL o Ko bawgs Lo ol Y
sl 04 plodl 50555 lauwgs oy bleis 5,8
Dy lgy8 ol ga (o polic axs pogMe aS Canl o3l oo St |y olsdoesy Ao 38 po 5| s 438 ) any b Y
(\\ﬂ\ﬁ L)I)i"') 9 u.)l?b..>) Ko b..\wuo JAL» )u I) w).\ﬁ uL.M))?f 9 oo ‘d\>)l)L’ l) )..\f ‘ol.«:lB] ‘Pl.o.> cbb)hac
O (el el lans 9 0,80 yo e S ) i G o W Ll 0l Bl lalS (pl WS 90 (SIS 4S5V
K50 AFY (38 e SLilcp
ol o andos )3 51 ol 5l L o] (9 45T Canl 0 cuai By s 518 axhad G s 3D g (g9, N
LAY gplad g cawodlpallidad s Jas»
e 035" (¢ 5losiiime LIS 0zl 53 L obld den] 587 (Gl )l b Lo il 1y Ly o) VS
asllas g W3l03,S" (¢ 5luotitune LIS o> )3 Lo Ul sen] 1383 (BT c)las b yg5 Sl yuw g g codjrpm |y Ly ol NY
ol o plol G155 lawgs b bbeis cudly p o
AYOY jiglen NA
ol 01 48,5 a5 )3 e il Vo Jolre ()85 S jgods o] a0
dgdao gio b ilseid Cpl (B0 AYAY b jlaze) 5l aiijed JSisdy  aileiid Cadin jl i ) (£)dooro a0 03] 30lol 0557V
Slalie o ee 18 sla ilbuis b aS s oladises
o A8k (glo S ysh dus ol ol o Wl 0445 o5 003 dan ]yl el S o3 gl Lbbis > W S5 LYY
ol 03,8 dboul ) o 58 Lilbuis 5l (63,84 pasie S &S sl UGS
sl 255 gl 83950 )3 Aty oyl (slisul g )b (gladiS o)l gy IS5 5l e oS
sl Egli ilors 01ilgd € IS (gloo 36 48 U sloasS ) wlie (sladiges b o] (glojlo Jid) g)cplil XY
A5 sl bbis gl iged (gl g o 0000 diged (po 53 58 (Ngm (Slojlw (sla S a8 Cunl .\.SL 4 pY VY
sl o g pg> S 5l (S 5 Al e
Slojle (i 5 )b 3 odes ol duw sanl Yl Sy 9 )0 glaasS > (BliS ik e sacald v pn YO
ebBuis Cwbs g (5,e bwgie 09 oS (il (glojlu S CouxBge 5 S (call 2 o0 033 Sy A0S glay luis
s &3 )3 (BRI 0 s 2 (59 B3 3 2Vl Sla3ly B a3 a5

&b
bzl il 6o ponsede dox 5 o] (gjlazo NYA .)93')] -

9 Sl )f)a ‘M ,\..Q:w olKaily Ul)'et) AYEYY Id (J’/M) )Jlﬂ.o’ Lbo.)/).a[o/d.ol‘)nf\vAi )le ‘wbu}b -

VE¥ sl g e - YO el

vf



Sl gylare doliliad g
VY sl g ke - YO oyladds
YO

(3o e 9 (5 slere 0aSuily ld i
2355 BlS ety dloma S po dallae NYRA e (lirgly5 (3] g gmagl 450> (s000e dozme iyt Sl -
FYAFYY 2V Lo owlicd Ll g0l s (6506 5 (5 )lome polis 4 olSS)L5 i
YY o . (glojlu JSb dalllas yolwlys 03l (o 525 1)l A Liwgsgd (slodsS o (blbbuis NFeV L ool gy Slaws -
YN0 (V)
293 Db gl 45 sl Sl lo (918 5 lojlu polie o g L 6 it WAV (o3l 0 Siio -
S il 508 5 urgilio (Sib B ol ost 155 e Sl L sl
S50y I8 ol oMl sl g3y Lty thgutie gy puedlgsl da 3 F &L L BTAYSY o) 505 5 0,50 ylaS
Olejlw ol - SLS g 5 pudl el S dan 5 5had 9 Sl 0 sy (laze AYYE L 1S00 o 15 (Sl
SN
S oD 1505 YYD b jd LT (S )b o (slgn S il 10 5 (oloro 04Kl Cliiz g dlicol 5S40
AYYY DY b op0p0 g 4t quglB 8=l > AVFD .l puad o S gSiie -
LIS 0 s e 93l (g8 L o] splese WAV e M lora -
(Sl e § (e &)l 3B (Silogi 5 (Sl B3 1015 ezt LT LG NYVE s 5 o jolie (loige -
Sy 3lan g BT cyesmil i) 05 pilai g L3l 5,6 BTAYEA s ¢ 35 -
S Ergygd oS 5 ol g otin Sl il TR0 b)] e 59,31 5 0351 (59,0 Sl dagd « S g
slaalS’ 5 Elylay dusjho cplel )3 olSal)] ¢ pulie polrtomuns (SloilS z Sllllae (sladiges oladiol yred pasls b
N Y AL (V) Y dho ol
S b e Jle gl g S &lig il b bl daz 5. UBRL 890 )3 il ool (g)lome NYED Mg cyilyg
Kb 5 e i
LT 5l cblis Lo lojlo (8 585 1o LolS . 5 LolS” (4ilitipao)  caga s s> 03liolol 6 pdio duitds AYOY Lo ple ¢ piigrlan —
Ol Sl
(ol ¥ & oledo] linl 13 (b sloduiS g Floll g Slwl BT lgdol (S b 6T duoeiS NYD- ablcalal ()3 i
- Byron, Robert, Arthur Upham Pope, and Phyllis Ackerman (eds.). 1981. Timurid Architecture: General
Trends. In A Survey of Persian Art, from Prehistoric Times to the Present. Arsha: SOPA.
- Petruccioli, Attilio et. al. 2018. Kashan an Iranian city in change: religious monumental buildings in
Kashan. Germany, pp. 107-141.
- Safaeipour, Hadi, Akbar H. E .Zargar ,and Sajedeh Goudarzi .2011 .Typology of Khashkhashies
(Stiffeners) in Discontinuous Double-Shell Domes. Domes in the world conference, Florence, pp. 1-19.
- Safaeipour, Hadi, Roham Afghani Khoraskani & Afsane Alizadegan. 2022. Khashkhashi in the design
of Iranian detached double-shell onion domes: classification and preliminary assessment of structural
role. Architectural Science Review.
- Stronach, David, and T. Cuyler Young. 1966. Three Seljuq Tomb Towers. Journal of the British Institute
of Persian Studies 4 (1): 1-20.



Abstract

B Revisiting khashkhashi’s Definition and Structural Role in
the Design of Detached Double-shell Pyramidal and Cone-
shaped Domes, the Historical City of Kashan

Hadi Safaeipour
Assistant Professor, Faculty of Architecture and Urban Planning, Shahid Beheshti University

Parisa Moazeni
Master’s Degree in Restoration of Historical Monuments and Urban Fabrics, Faculty of Architecture
and Urban Planning, Shahid Beheshti University

Stiffeners, known as khashkhashi in Farsi, are structural elements positioned within
the interspace of double-shell domes. While prior studies have focused on stiffeners
in onion-shaped double-shell domes, limited research has examined their role in
pyramidal or cone-shaped double-shell domes, referred to as rok domes in Farsi. This
article addresses this gap by (1) providing a comprehensive definition of stiffeners
in detached double-shell rok domes through an analysis of their morphology and (2)
identifying their structural role within this dome type. The historical city of Kashan
was selected for this study due to the significant number and variety of rok dome
cases. Ten cases, located both within and beyond Kashan’s historical city walls, were
chosen for examination. In the initial phase, six examples documented in monographic
research, which allow for direct field observation and demonstrate a variety of
khashkhashi combinations and designs, were selected. Subsequently, data on the
architectural design and structural characteristics of khashkhashi in these selected
cases were gathered through direct observation, field surveys, and supplementary
library and archival research. In the third stage, a three-dimensional model of the
stiffener structures was created using advanced architectural drawings to facilitate
comparative analysis. Finally, applying a descriptive-analytical method, the study
compares khashkhashi designs based on quantity, position, dimensions, shape, and
construction techniques. This approach introduces a revised definition of khashkhashi
in rok domes, highlighting three distinct structural forms that fulfill varied roles.
Unlike onion-shaped double-shell domes, where khashkhashi often function as
buttresses, rok domes predominantly function as stiffeners for the dome’s neck and
outer shell. These findings enhance the understanding of khashkhashi structural
behavior, specifically in rok double-shell domes, and are not directly applicable to the
analysis of individual cases.

Keywords: khashkhashi, double-shell dome, historical structures, Iranian architecture.
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