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Abstract

The earliest recorded examples of barrel vault construction in Iran, particularly in the Khuzestan province,
belong to the Elamite period. Understanding the geometric characteristics of these vaults can contribute to
both the comprehension of construction techniques and the conservation of these historical structures while
maintaining their original architectural authenticity. This study aims to identify the geometrical and
technological factors affecting the arrangement methods influenced by the bonding relationships of elements,
the span, and the rise of the vaults, with the goal of reconstructing collapsed sections of these historical barrel
vaults. The primary research question is: What are the construction characteristics of Elamite brick-barrel
vaults in Khuzestan that are influenced by the bonding of elements and the relationship between span and
rise? This research adopts a historical-interpretive methodology, utilizing both library research and field
studies. Fifteen barrel-vaulted tombs with square-shaped materials (three from eatly Elamite, seven from
Middle Elamite, one from Neo-Elamite, and four from Elymaean periods) and six tombs with trapezoidal
materials were selected based on archaeological reports and field surveys. The findings indicate that the
construction techniques included the use of Persian, Roman, and hybrid bonding methods, the employment
of pointed arches, a logical relationship between the type of material geometry and vault span, a consistent
pattern between span and rise ratios in Elamite and Elymacan periods, and a uniform vault thickness to
enhance resistance. This study highlights that the geometry, thickness, span-to-rise ratio, and brick
arrangement significantly impact the stability and durability of barrel vaults, providing valuable insights for

reconstructing collapsed vaults from this historical period.
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Introduction

Underground vaulted tombs represent a distinctive form of burial in Elamite culture. These structures required
advanced construction knowledge, particulatly in the execution of vaulted ceilings. One of the key architectural
challenges of these tombs was their roofing system, where the barrel vault was a predominant solution. This type
of vaulting has a long-standing presence in southwestern Iran, particularly in Khuzestan, evolving through various
modifications over time. Differences in the execution of barrel vaults can be observed across mountainous and
lowland regions. In the plains and lowlands of Khuzestan, vaults were predominantly built using mudbrick and
baked brick, influenced by both climatic conditions and material availability. Given the historical continuity of
these materials in barrel vault construction, this study focuses on the mudbrick and brick-built vaulted structures
within Khuzestan’s lowland regions, particularly in Dezful, Shush, and Shushtar.

The barrel vault, often constructed on horizontal surfaces and supported by two to four walls, is one of the oldest
and most widespread roofing techniques in Iranian architecture. Evidence of such vaults dating back to around
1500 BCE can be found at Haft Tappeh, Chogha Zanbil, and Susa, marking a significant architectural
advancement during the Elamite period. Over time, the construction techniques of these vaulted tombs evolved,
influenced by practical and aesthetic considerations. Given the high regard for the afterlife in ancient cultures,
burial chambers were constructed with durable vaulted forms to ensure longevity.

Previous studies have primarily referenced two construction methods for these vaults. However, architectural
evidence suggests a greater diversity in techniques employed by ancient builders. The choice of brick arrangement
played a crucial role in determining the vault’s geometry and structural stability. By analyzing these structures, it
is evident that Elamite architects carefully considered the thickness of the span, the vault rise, and the wall
dimensions to establish specific architectural proportions. Despite variations across different periods, there
appears to be a consistent relationship between vault bonding techniques, structural proportions, and
construction technologies in the Elamite and Elymaean periods. Identifying and analyzing these characteristics
not only enhances the understanding of the structural authenticity of these vaulted tombs but also provides
valuable insights for restoring collapsed sections. In many cases, direct analogs for these structures are rare;
however, by identifying recurrent architectural features, effective restoration methods can be proposed.
Furthermore, such research contributes to archaeological studies by introducing new methodologies for dating
historical structures based on their construction techniques.

Materials and Methods

This study adopts an applied research approach, aimed at expanding practical knowledge in the field of historical
architecture and restoration. It utilizes a mixed-method research design, incorporating both qualitative and
quantitative data analysis. The historical-interpretive approach facilitates a comprehensive understanding of past
construction techniques through the examination of historical sources, comparative studies, and field
observations. Data collection was conducted through field surveys (including observations and interviews) as well
as library research.The research sample comprises barrel-vaulted tombs from the Elamite and Elymaean petiods
in Khuzestan, selected based on the availability of documented plans and measurements. A total of 15 tombs
constructed with square-shaped materials were analyzed, including three from Early Elamite, seven from Middle
Elamite, one from Neo-Elamite, and four from the Elymaean period. Additionally, six tombs featuring
trapezoidal construction materials from the Elamite period were examined. The analysis was conducted using
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AutoCAD software to reconstruct the geometric proportions of the vaults, supplemented by the study of
historical photographs and excavation reports.

Results and Discussion

The analysis of Elamite and Elymaean barrel vaults in Khuzestan revealed several recurring architectural
characteristics:

1. Vault Arrangement:

Elamite vaults were constructed using Roman (Elamite) and Persian (herringbone) bonding techniques, with vault
layers either leaning against the rear wall or arranged perpendicularly.

Elymaean tombs introduced a hybrid technique combining Roman and Persian methods, where the initial arc of
the vault used Roman bonding while the upper section employed Persian bonding.

2. Span-to-Rise Ratio:

In Elamite tombs, the vault rise was consistently greater than the span, with an approximate ratio of 1.3.
This ratio gradually decreased over time, reaching values below 1 in the Elymaean period.

3. Vault Thickness:

Vaults with spans of up to 3 meters were constructed with a single-layer brick thickness.

For spans exceeding 3 meters, the thickness increased to one and a half brick layers.

4. Supporting Walls:

Throughout all periods, vertical or slightly inclined supporting walls were used under the vaults.

5. Mortar Thickness:

The mortar thickness between bricks remained consistent at approximately 1.5 to 2 cm, despite a reduction in
brick thickness from 10 cm in the Elamite period to 6 cm in the Elymaean period.

6. Material Usage:

Square bricks were predominantly used for large-span vaults, while trapezoidal bricks were preferred for smaller
vaults under 1 meter in span.

7. Vault Thickness-to-Span Ratio:

The average ratio ranged between 1:8 and 1:9 in Elamite tombs, increasing to 1:12 in Elymaean structures.

8. Orientation:

Vaults were consistently aligned along the longitudinal axis of the burial chamber.

9. Geometric Plan:

The burial chambers were consistently rectangular, with the length typically more than twice the width in Elamite
structures but reduced to a ratio of less than 2:1 in Elymaean tombs.

10. Adjacent Vault Connections:

In I-shaped burial spaces, vaults were either separated by a wall or a corridor, with no direct connection between
them.

In linear arrangements, vaults were separated by an entrance arch.

These findings emphasize the critical role of geometry, thickness, span-to-tise ratio, and brick bonding techniques
in ensuring the stability and durability of batrel vaults. The study also underscores the importance of preserving
these historical architectural features in restoration efforts.

Conclusion

The study concludes that from the Early Elamite to Elymaean periods, the span-to-rise ratio decreased, while
certain architectural elements, such as rectangular burial chambers, single-layer vault thickness, and consistent
vault orientation, remained unchanged. The results also highlight the significance of vault arrangement
techniques, including Persian, Roman, and hybrid methods, in shaping the structural integrity of these tombs.
These insights provide valuable guidance for conservation and restoration efforts, allowing for the reconstruction
of collapsed vaults based on their geometric and structural characteristics.
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Table 1.Various sections of Chafd (Vali Beg et al., 2012: 41)
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Figure 2. From right to left: 1- Inclined multiplication arrangement 2- Roman or Elamite arrangement (Van Beek,
.1987: 98)- 3- Chapile arrangement (Tehran, 1992: 38)
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Table 2. Vaulted tombs of the Elamite period - 2nd millennium BC with square and rectangular materials (Zalghi,
2018 and Grishman 1963-64)
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Table 3. Vaulted tombs of the Middle Elamite period - Haft Tappeh with square and rectangular materials (Nagheban,
1993: 75 and Mofidi, 2019)
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Table 4. Arched tombs of the Middle Elamite period - Chogha Zanbil with square and rectangular materials (Hosseini
et al., 2021)
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Table 5. Neo-Elamite-Susa vaulted tombs with square materials and rectangular shapes (Miroschedji, 1981)
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Table 6. Vaulted tombs of the Elymian period with square and rectangular materials (Rahbar, 1994)
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Table 7. Study of the geometric characteristics of the Tahg-Ahang arche of tombs from the Elamite and Elymais
periods in Khuzestan with square and rectangular materials
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Table 8. Summary of geometric characteristics of the Tagh Ahang arch based on (opening - division - plan and
materials) in the Elamite and Elymais periods
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Figure 3. Dimensions and geometric shape of molded trapezoidal bricks and square bricks from the Elamite and Elymais
petiods, A) Middle Elamite — Chogha Zanbil, 10 X 38 X 38 cm, Trapezoidal Brick, Type 1, B) Middle Elamite — Chogha
Zanbil, 10 X 38 X 17 cm, Semi-trapezoidal Brick, Type 1-1, C) Middle to Neo-Elamite — Susa, 6 X 13 X 20 X 24 cm,
Trapezoidal Brick, Type 2, D) Middle Elamite — Haft Tappeh, 39 X 39 X 10 cm, Square Brick, E) Middle Elamite — Chogha
Zanbil, 35 X 35 X 10 cm, Squate Brick, F) Elymaean — Dastva, 26 X 26 X 6 cm, Square Brick
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Table 9. Study of the charactertistics of the arch arrangement of tombs of the Elamite and Elymais periods
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Figure 4. Types of arrangement with brick materials in the Elamite and Elymais periods
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Figure 5. How to connect two adjacent arches
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Table 10. Number of load-bearing walls in the Taghe- Ahang arch from Elamite and Elymais periods
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Table 12. Arrangement methods and types of materials in the studied samples from the Elamite and Elymais periods
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Table 12. Common features of the construction of the Tag-e-Ahang in the Elamite and Elymais periods of Khuzestan

province

Sl joi ol g e 8,95 Sl 3lb chlo sl S5g

sl Sledloysd 5 5 1.3 31 Liw pdle 055 55 pMie 0)93 p ailas 31 suily 13

15 cuns

alad g 5,8l Cons

Ca] oA.;.w) ))I)lecbdu‘ b)})))gd”& CaolBus /ul))g L)S O&LA )5.‘94.)

@ Gl Cwlbus s
Slad

s 55 050 10 diges S i el IS8 bt olodl g pMus )90 dan

S8l glas M

251 o ol 093 3 9 2 5 it (238 @ Jsb Cund P 09
Sy S sl e & a5t o bl ailad o Lad o
) 2o 20 b (eentie Do) 9 UPX 9

Lab 5,0 9 Jobo o

b by,

dgee s oo 4 b g oLl Sl 4 4SS Ll Sjpo 4 opo il -
2L e sk (2B 9 b Jled 9o b dle b oegy ik -

WS 9 P9 S S - ol 95
o b e Dl g (JusS) o S ok S -
(Joss) o S)-

b 2y ble bdges s bl 52 o sl i

b oo b coslolin :JS 1 cslalias ;5 25,005 ss3g 10055 41 3l ot Jlsil
(8399 05 )3 0555 b (gilulsr galazal glalad )5 5 50,

s9bre 3l 9> Jlail ogou

16 Cwlus g lad Job e Jholize dlasly g 4Y ST Logos

5 IS e 2T S b by Y S5 S 4 cilad o 3 b Saal gl (sl
(21 1.5 jSls alas 0 3 (YL

5 Il b cod Glasy bz pla 0 cub gy ol cilisee (2l 50 i Colses
b Gl sl plSoul

Glb cuwlsus

2l s o Sppo @ iz 2 bro g opl S oppo

5 JS5 qpe ol Sy ol el g 180 g wiled e 3 b Kaal gl 5 o)
(1 1.5 iShis 1.1 — 1.3 5,80 5 ailad 20 3 (VL

124106 ol ol 256 4l o cwlis 4 Glo dlad cuws pde 053

bl

b 25 culs

shol glad Job yemne Dl 5o

5”9 ‘_;I).>| S

l2oy9d olos > yio il 2 5 1.5 (o bMe cualles 340 s

L“’P"u“ LMo s

3l ojg b gdlas glize slal 5,18 —
1)) 555 oty 3 wpe slajl ji 5,8 -

o : dlae
e 1 s sladlas )3 aijed slapnl 5,8 )
‘ (s JS5 =3lal )
—8 ) &lo pMis )93 (20 (Sl 7-6 ) p. 5 pod o)l pdle 055 ;5 pdlias Cuolseis
ol i gio Sl (76 ) 2lodl g (20 Bl 10
&5 5S35 bo | o3li RV
ol cad g g ane Slledl g P (g (abos 3 Bl aw B (Jgb jgoee o

calw ;"'“5

51 gy 03l S5 o S5

S5 doms A

J oS 8 donis iz (e dipl Ngn 5 02985 (Sa Shg g (owin Ly (gwyp g SRR ey 4 425l

opie slad oye 4 Job o g 4l ialS Y I aS 4 VY=VY 551,80 ailad s ¢ glodll 0)90 b pMhis 0)93 il
e JSi5 dlas §) oo b laoyg ol ol 13 (s lano (£la Sy bt i) ol b el oy ¥ 5] yiaS & 5
B oy iz 2 bl ke 553 9 ar Gl 3 b > aw Sl odliiel q3lo sl (39 VS e (b
S5 o (sl e ) oS (slalnd o iy cilisie (gl i > 3l ol 5 ol g Gl (29) g (392
i (5 Wors il S Lanye slil gto 75 Y lod b Sinl claggls > a5 oy e 8y S 4

SB S 39 359 Jl o9y 200 Il (5 5 9 (29) < blote 93508 (008 09y (xS y e | ik gt (slay by, g el

V.$

VF-Y 4r>9) D)LOJA::) (D 09 4u_’>.d.w UL.MJL 4\.@9)4


https://jra-tabriziau.ir/article-1-448-en.html
http://dx.doi.org/10.61882/jra.10.2.448

[ DOI: 10.61882/jra.10.2.448 |

Downloaded from jra-tabriziau.ir at 7:50 +0330 on Wednesday June 10th 2026

o Ll ol (clss oo ysmo Slatl 13 0 g0 Lo 5l dio g3 (] ol 15 sl sl g p3lis 093 5 Sinl (sl 3o
28T o L5 48"l 039y 3T 059 0 ¥ 3l Lt (slaailand g ol S5y YU glaailans )3 5l Caolbus ¢ ppimos
W) dL»Lw LtbéUo d‘?‘ 5 i 0gud Cudids c(\“ Jiw) T3 L;Ltb‘\.ﬁb U»Lu‘): Lol 00 M)f )Lu 5 )gl).g 9 b
el (Y dd  o9ee s 9 SMBsed slol b oo (050 St b 3l sl (Y s 30 oyl Jols &5 o
G 2S) Spgon el St b blate o)led (el 2! (Y5300 oS o)l S b (o5 (59 2 g6 oL 3o
@ Sl o Copot Gl e 5 oI5l S5 oles (el (Fegiiigd (gl ops Ltz b gl !
P 1S )lﬁ.) 4 JJ‘.Q.«A PO > L Sal dUo °J"°]L)““3 LS‘)>‘ 9 u.oﬁl D> " (83908 b)la{.) A_»..f)J (a cdl&ﬁb L J.Lzmm
e 9 & blete 52 S) L oled (sl (V ey pgots B i 5 0S) Cogot (50 o)l 2l (F
Joo5 02035 & o5 i3 b 958 Stk el 13 9 o588 b 3L | o9y ey <55 (A g 09y i 5 Gl 2l
b ] Jite (bey 958 4 lad Cad anlsus (3l dwin &5 Jm3 oo Ui gy oyl sl Sial 3l cil
cslmojl Cunye 13 b laoygd (pl (glone sl Shy 35> (ppp (e W) gl Cunglie 5 ()bl 2 (ot
g ol gl Sy > B> 1S o il oge i 35 BT ol )17, 5 aSh el S350 (IS ol Sl 5 o
Ay )8 b iy Cue e Sl Wil o ¢ 3l 35 g wilad wdin slacus b ] Naw ol Lol ASle wiisd ) SO &
48 el

slogle (siluil 5 (sl ol (glaailo oy 0 o] (sl simgly 5 & 39 0 oy eyl gl (gl
Tlae (popp 9 (2lib Laly) jlate | pMe 09 b3l plie sla Shg plo dalllao (yiomad (oMl 0)93 I iy di )98
D9 aslyy Kial b > S5 asygd

Ol b e 5l Sial 36 i 3 o 558,55 (il claie b gl o)l (6585 i) (gl lalllas I iy il dlio (g Sl
oSl () (BN ple pleialy b a8 ol «(oluo;sd bl (6390 dadllas) (a8 cdlol slis y bl cbles 5,60, b (Slwliw 0)g0
(i) ible odine by (s3e 5> «Sp g Loy 10 o Al o)l 1S5 G Sl Al e cly 38 1 SN el 0 plol ol
ipled ()l Sl (D98 (Sl ok 5 Fed dorxe

pows 5 pgd odimygs Coul 035 alio 3,155 5 Lo 0313 ()] oz Jolis alie (sla i oled g Jgtms (Jgl odiasgi ()5 Wanngb &5 Lo
Aoy plsl ) IS ploxl Jolje )3 dbgiye sl (iu (s goz g dlie (1)1 oleial,

el 4315 o Lol lie ) 1 o el

L e 5 Saal b s > b sS85 Lls clsie b Jol 0S5 6 dllisy (tmghy ol sy ol dlis @dlio SLS
s oSl s Sl el b & ol «(obasd ol (6350 adlllas) IS Lol slise  baly clilis 3,555, b Sl 050

Lol 0 plol Ole:éwl

sl (o ysd BB Ol b g cannl (B0t g Hlid] 3 Limg sy cpl plB slaodly 131g0 o OIS Ay ow ywd

References &bo

Abolghasemi, L. (1997). Por and Rumi. Honarha-ye Ziba, ), 64-67. [In
Persian].https://journals.ut.ac.ir/article 17148 ff772778ada3056c4{8cf2155f82bb1e.pdf

Agha Aligol, D., Jafarizadeh, M., Rahbar, M., & Mardani, M. (2019). Application of micro-PIXE technique for elemental
analysis of glass beads excavated from Saleh-Davoud tombs, Khuzestan: Evidence of glass artifact trade in the
Parthian period. Pazhohesh-e Bastanshenasi, 5(1), 144—166. [In Persian] http://dx.doi.org/10.29252/jra.5.1.143

Arefi, A., & Group of Authors. (2006). Atlas of Iranian History. Tehran: National Cartographic Center of Iran. [In
Persian]|

Bessonneau, R. (1985). Technology of Vaults in Ancient Iran (S. M. Habibi, Trans., 1999). Tehran: Iranian Cultural
Heritage Organization. [In Persian|

Croci, G. (1930). Structural Conservation and Restoration of Architectural Heritage (B. Ayatollahi Shirazi & M. Hejazi,
Trans., 2016). Tehran: Cultural Research Bureau. [In Persian]

Dallai, M. (2020). The vaulted funerary hypogea in Mesopotamia between the second and first millennium BC:
Localization and architectural features. West & East, 4, 153—169. http://hdl.handle.net/10077/30232

De Mecquenem, R. M. (1943—1944). Fouilles de Suse, 1933—1939. Mémoires de la Mission Archéologique en Iran, Vol.
29. Paris: Presses Universitaires de France.

VoV

VF-Y 9 D)LOJA::) (D 09 409.;;.“) uLA.MJlJ 4\.@9).1


https://jra-tabriziau.ir/article-1-448-en.html
http://dx.doi.org/10.61882/jra.10.2.448

[ DOI: 10.61882/jra.10.2.448 |

Downloaded from jra-tabriziau.ir at 7:50 +0330 on Wednesday June 10th 2026

De Mecquenem, R. M. (1947). Contribution a Iétude du palais achéménide de Suse. Mémoires de la Mission
Archéologique en Tran, Vol. 30. Paris: Ernest Leroux Editeur.

De Morgan, J. (1897). Recherches archéologiques, Vol. 1: Fouilles a Suse en 1897-1898 et 1898-1899 (with G. Jéquier
& G. Lampre). Classic Reprint

De Morgan, J. D. (1900). Délégation en Perse — Mémoires (Vol. 1). Fouilles a Suse en 1897-1898 et 1898—1899.

De Morgan, J. D. (1905a). Trouvaille du masque d'argent. In Mémoites de la Mission Archéologique en Iran (Vol. 7).
Paris: Ernest Leroux Editeur.

El-Derby, A., & Elyamani, A. (20106). The adobe barrel vaulted structures in ancient Egypt: A study of two case studies
for  conservation  purposes. Mediterranean  Archaeology and  Archaecometry, 16(1), 295-315.
https://doi.org/10.5281/zenodo.46361

Etlin, R. A. (2015). The strength of vaults. In 5th International Congress on Construction History.

Fadaei, H., & Talebian, M. H. (2018). A review of the morphology and manufacturing techniques of Middle Elamite
bricks at Chogha Zanbil World Heritage Site. In Proceedings of the First Conference on Brick and Brickwork in
Iranian Art and Architecture (pp. 29-57). [In Persian]

Fakhar Tehrani, F. (1992). Beyond the Geometry of Vaults and Domes. Soffeh, 2(2) [Serial No. 6], 34-45.

Farshad, M. (1983). History of Engineering in Iran (2nd ed.). [No place]: Gooyesh Publishing. [In Persian]

Ghirshman, R. (1964). Suse. Campagne de fouilles 1962-1963. Rapport préliminaire. Arts Asiatiques, 10(1), 3-20.
https://doi.org/10.3406/arasi.1964.902

Ghirshman, R. (1965). Suse du temps des Sukkalmah. Campagne de fouilles 1963—1964. Rapport préliminaire. Arts
Asiatiques, 11(2), 3-22.

Ghirshman, R. (1968). Choga Zanbil. Temenos-Temples-Palais-Tombs (Vol. 2). Mémoires de la Délégation en Perse,
Vol. 39. Paris: Ernest Leroux Editeur.

Ghirshman, R. (1968). Chogha Zanbil, Vol. II: Temenos, Temples, Palaces, Tombs (A. Karimi, Trans., 1996). Tehran:
Iranian Cultural Heritage Organization.

Ghirshman, R. (1971). Acropole at Susa (Vol. 46). Mémoires de la Délégation en Perse.

Ghirshman, R., & Brinkman, J. A. (1968). Suse au tournant du Ille au Ile millénaire avant notre ere. Arts Asiatiques, 17,
3-44.

Ghirshman, R., & Steve, M.-J. (1966). Suse. Campagne de I'hiver 1964-1965. Rapport préliminaire. Arts Asiatiques, 13,
3-32. https://doi.org/10.3406/arasi.1966.945

Godard, A. (1990). Iranian Vaults (K. Afsar, Trans.). Tehran: Farhangsara. [In Persian]

Group of Authors. (2005). Atlas of Iran’s Provinces: Khuzestan. Tehran: Geographical Organization of the Armed

Forces. [In Persian]

Hejazi, M., & Sadeghi, R. (2022). Effect of brick arrangement on structural behaviour of Persian brick masonry barrel
vaults by micro-modelling. Engineering Failure Analysis, 134, 1-24.

Hill, H. D., Jacobsen, T., Delougaz, P., Holland, A., & McMahon, A. (1990). Old Babylonian public buildings in the
Diyala region: Part 1: Excavations at Ishchali; Part 2: Khafajah Mounds B, C, and D (Oriental Institute Publication
No. 98). Oriental Institute of the University of Chicago.

Hosseini, S., Niroumand, H., Giltekin, B., Barcel6, A., Osmadi, A., & Mahdavi, F. (2020). Structural analysis of earth
construction’s vaults: Case of underground tombs of Chogha Zanbil. Revista de la Construccion, 19(3), 336-370..
http://dx.doi.org/10.7764/rdlc.19.3.366

Izadpanah, F., & Kamali, F. (2024). Analysis of behavior and ultimate stability of Iranian pointed and flattened five-
seventh and clover-pointed arches under thrust loads. Iranian Architecture Studies, (25), 47-62. [In
Persian]https://doi.org/10.22052/jias.2024.255188.1312

Kharashadi, S., & Enteshari Najafabadi, A. (2023). A glance at iron and blacksmithing in ancient Elam based on
archaeological evidence and cuneiform texts. Iranian Archaeological Research, 13(38), 33-68. [In
Persian]https://doi.org/10.22084/nb.2023.27429.2554

Khazali, P., & Translator: Behnaz. (2021). Construction of Mudbrick Vaults (1st ed.). Mashhad: Ketabkadeh-ye Kasra.
[In Persian]

Khazali, P., & Translator: Behnaz. (2023). Graphical Calculation of Masonry Arches (Ist ed.). Mashhad: Ketabkadeh-ye
Kasra. [In Persian]

Kirk, F. J. (1998). A dictionary of ancient Near Eastern architecture. Routledge.

Malekzadeh, M. (1994). The West and Southwest of Iran at the Dawn of History. Miras-e Farhangi, Special Issue of the
First Archaeological Symposium of Iran, (12), 172-192. [In Persian]

Memarian, G. H. (1988). Structural Performance of Vaults in Islamic Architecture of Iran. Tehran: Jahad-e Daneshgahi.
[In Persian|

Memarian, G. H. (2014). A Study of Theoretical Foundations of Architecture (9th ed.). Tehran: Sima-ye Danesh. [In
Persian|

Memarian, G. H., & Safaei Pour, H. (2015). Architecture of Iran: Niyaresh — Vaults and Domes. Tehran: Naghmeh
Nowandish. [In Persian]

Miroschedji, P. (1981). Fouilles du chantier Ville Royale II a Suse (1975-1977). I. Niveaux élamites. DAFI, 12.

Mofidi-Nasrabadi, B. (2016). Elam and its neighbors—Recent research and new perspectives. In Proceedings of the
International Congress Held at Johannes Gutenberg University Mainz, September 21-23, 2016 (ELAMICA, Vol.

VoA VEY (g3 0)led cund )93 ¢ i il dngh


https://jra-tabriziau.ir/article-1-448-en.html
http://dx.doi.org/10.61882/jra.10.2.448

[ DOI: 10.61882/jra.10.2.448 |

Downloaded from jra-tabriziau.ir at 7:50 +0330 on Wednesday June 10th 2026

8). Verlag Franzbecker. ISBN 978-3-88120-868-0

Mohammadi Far, Y., & Khonaei, A. (2017). A review of Elymaean studies. Iranian Archaeological Research, 7(12), 151—
174. [In Persian]https://doi.org/10.22084/nbsh.2017.7876.1535

Negahban, E. O. (1993). Excavations at Haft Tappeh, Khuzestan Plain. Tehran: Iranian Cultural Heritage Organization.

[In Persian]

Negahban, E. O. (1997). A Review of Fifty Years of Archaeology in Iran. Tehran: Iranian Cultural Heritage Organization.
[In Persian]

Pirnia, M. K. (1994). Chafds and Vaults. Athar, (24). Iranian Cultural Heritage Organization. [In Persian]

Pirnia, M. K. (2008). Stylistics of Iranian Architecture. Tehran: Nashr-e Pazhuhandeh. [In Persian]

Rahbar, M. (1994). Archaeological excavations at Galalak, Shushtar. In Proceedings of the Archaeology Conference of
Susa (pp. 175-208). Tehran: Iranian Cultural Heritage Publishing. [In Persian]

Sarfaraz, A. A., & Firoozmandi, B. (2010). Archaeology and Art of the Historical Periods: Median, Achaemenid, Parthian,
Sasanian (6th ed.). Tehran: Marlik Publishing. [In Persian]

Shokri, T., & Niknami, K. (2023). A study on the iconography of selected cylinder seals from Susa. Iranian Archaeological
Research, 13(39), 39—-60. [In Persian]https://doi.org/10.22084/nb.2023.27791.2589

Vali Beig, N., et al. (2015). The impact of brick arrangement on the formation of barrel vaults built on a slope. In

Proceedings of the 3rd International Congress on Civil Engineering, Architecture and Urban Development. [In
Persian]|

Vali Beig, N., Mehdizadeh Seraj, F., & Tehrani, F. (2012). Geometrical and mathematical characteristics in the structure
of five-seventh chafds in Iranian barrel vaults. Spring and Summer, 23), 39-49. [In
Persian]https://dot.isc.ac/dor/20.1001.1.23453850.1391.2.3.2.1

Van Beek, W. (1987). Arches and vaults in the ancient Near East. Scientific American, 257(1), 96—-103.

Yin, R. (1999). Research Design and Case Study Methods (H. Nayebi, Trans.). Tehran: Ayandeh Pouyan Institute.
(Original work by D. T. Campbell). [In Persian)]

Zalaghi, A. (2018). Digging up the past: Revisiting the Elamite underground vaulted tombs at Tappeh 497 (KS 53?),
Susiana Plain. Elamica, 8.

Zokavi, S. (2019). Study and evaluation of clay deposits around Chogha Zanbil for optimized restoration brick
production. Pazhohesh-e Bastanshenasi, 5(2), 35—46. [In Persian]_http://dx.doi.org/10.29252/jra.5.2.35

=Y (V) Luj loyin . ogy 9 30 (VYVEF) . csamldllyy]
https://journals.ut.ac.ir/article 17148 ff772778ada3056c4f8cf2155f82bble.pdf

5S40 paids lojlu .l ] Fo )b ulbl QLS L(VWAD) LB i g 69)5 5 wf ¢ o2d)l

5l S A8 ey 5 08 i g g Sl gleiesE ol el > i 9 51E) e (VT 1) B (IS g B ol
https://doi.org/10.22052/{ias.2024.255188.1312  FY—¥Y ¥0 (V) p) (5)lere cildllas

43S (gl sloo e (s pate U Car (SngiSie (B9) 3,8 (IYRA) p (shayo g p et p @3ljigyar > (S5 o]
AEENFE (VD ¢ iy liwl dmgs . S5 0)9d ;5 (glaind leguan )55 51 (canlgds 2l jg3 dgbzdlo (slaolKall 5|
http://dx.doi.org/10.29252 /jra.5.1.143

el 083 550 VNS 53 31 ) Sim 3 Sl plai i s ) 025 0l Gl sl OPVR) 5 Ji

S yd @l e ol ol as (Y ayled §) gl o asds (VWYY) .S e Liyw

FRW-Y'39) ul).e‘) k.s)l)"l d)lmm uwl.u::giw (\\“AV) S £ cL..:)u

sl g (3L bl dalgds wlwlp sl pMe 4> Lg)fv.aj 9 u.tbl a 2K (VF-Y) e cedllcaso &bl g ey gLl s

https://doi.org/10.22084/nb.2023.27429.2554 FA-YY (FANY ) ol ybiol sl imgss (e wgise
Sy 2SS 1l o5 i Sl 2l (V) o e e g e Bl
1SS 03U 105 (lr 998 (sow Al (V1Y) 0 e e g o o Bl
(Pl apgsy it (slope Cutd dntd liwly ) Jesli adlaie SIS (o) pBS () g adllae (W) (0 5555
http://dx.doi.org/10.20252/ra.5.2.35 $5-¥ (Y)

Elyo Hlojlw (Ve A=A L o) [igd cwlidlinl oslond S aslol jo . jtdgs SIMS pd sl yliwls [iglS (VYY) .o cputry

Sl (eins Ol) Slwls ( S  abiabu o (Su)l lyed yia g (aolids Lol (VWAR) Lo (gdiojgpmd g o) & ojl )8y
Syl

oyl (wlidlinl sla yidgss . hed (slailgiwl (sl yno ;I glos ;S d)@;&w 2 g (VFeY) S el g b g,
https://doi.org/10.22084/nb.2023.27791.2589 5+—¥4 ;(T'\)\\“

\’Cll VF-Y 4P33 b)LOJA::) ‘D 0)9.) ‘u’.‘;“’ uLA.MJlJ 4.&59)4


https://jra-tabriziau.ir/article-1-448-en.html
http://dx.doi.org/10.61882/jra.10.2.448

[ DOI: 10.61882/jra.10.2.448 |

Downloaded from jra-tabriziau.ir at 7:50 +0330 on Wednesday June 10th 2026

FOYE (FIY o 15 g 5l dustin (clyg (VFVY) b (g 56

£ il (Sl Slye dbgme )3 e pMis slopl Cols (158 5 (wlidcsn p gpgye (TAY) g ol g o o2l
i GaSin 3 (OV=YR o) ol slene 5 i 50 ) 2T 5 2T Sales (gl SYlEs degozmo oyl 5) ol S

g 0l (ped S2) Glnl > (eeiae )6 (WWFY) p 2l

Sy slaimgy 58 (e yie (sjle g (3l o3l ) (slene e (hojles Cunye g cilis (VWAD) .z (29)
(el o ptza VAYF 3 51 o)

oS (5 > g 51 Juol) . olagy 0aia] (Sim b duse (520 (ontl o) (mo250 SoBs) 9 3 ok (VWVA) ) oS
(Gl 0 panny 50

i 255 (wnyio eyl 15 iyl cslaggllo (VW5R) T oS

s Sy 2l plojlo il Ol ol ) Gaglisl sloaly ullol (\YAY) St 55 05

g8 (Simyh Sl glojlo il (Jgl Sl 250 (02 1E) 195 BE clan woie (g3 Al2) il (MYVB) ) cpmis S

(ol odds o VAFA )3 I o)

AVFNOY (VY ) (ol bl sl ying s . olodl Sladllas 4 (65950 (VWAF) .8 < oUss g (s 8 gdomo
https://doi.org/10.22084 /nbsh.2017.7876.1535

2l slea s ylyed - olpl oMl (glome 3 Bl (slaojl )L (VYY) & )b laxe

ol lowww 10 3 (W‘Q’ ul>) Silere (5,ka3 u’l“" 2 g .(\Y'ﬁ\") £ (ol laxs

uw.bly Ao (.Jl)‘ef’ .L.of 9 dUo - O")L" ul).»l Lg)Lo.vo (\Vﬂ\c) .0 ‘)%dlﬁ@ 9 ‘.é ‘ub)Lo:w

MY ‘<u‘):| ngluuul.w:b u;l.o.lbb)f M Mbafs) u.idb)s ul/wa E"‘)L‘ o\i; » UI)"‘ u/& (ST u).c (\W\“) £ cD.)Ijk.ﬂ.a
NAV-vy

S yd le lojlu 1ol rd Ll i cubd agcan (glas (VYY) g () leSS

(S8 Slye ol gls ol ! (olidbisl Jlo ol 2 )95 (VYVF) g ol

Bl Lidgy 3 A5 G g gy M Ll 3 (5 g eedin Sl SRy (W) B (S5 g b gl o3lisige v S s
https://dor.isc.ac/dor/20.1001.1.23453850.1391.2.3.2.1 ¥A—Y2 (¥)V <l ul (s5lore g Caoyo . Syl ey

ol 0,587 o s ) ouds aislu d)?i Sal sl 55 IS Lm)?T Ol )uL» LIYAF) L1500 g ey « R s

(S g g (5ylore (ol yes

e

VF-Y 4P9) D)LOJA::) (D 09 4u_’>.d.w UL.MJL 4\.@9)4


https://jra-tabriziau.ir/article-1-448-en.html
http://dx.doi.org/10.61882/jra.10.2.448

