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Abstract: Introduction. The historical architectural monuments of world significance of the
city of Palmyra in Syria, which are included in the UNESCO World Heritage List, such as the
Monumental (Triumphal) Arch, the Temple of Bel, and the Temple of Baalshamin are
described. The history of their creation in the city of Palmyra, their significance for the
inhabitants of Palmyra of that period and destruction from past earthquakes and during
hostilities since 2015 are given. The importance of these monuments for the country and the
world community is indicated, which was the reason for their choice as objects for research.
Aim. The research is intended to contribute to the restoration of these masterpieces of world
architecture, which have existed for a little less than two millennia.

Materials and methods. A kind of certification of architectural monuments on the territory of
Palmyra was carried out using the visual method of studying the state of objects. A detailed
description and characteristics of the above-mentioned objects built as a synthesis of Greco-
Roman and ancient Near Eastern architecture are given. The distinctive features and
dimensions of building structures are described, plans, sections and photographs of objects
before and after destruction are given for their subsequent reconstruction virtually in 3D. To
improve the accuracy of three-dimensional models, various projects of 3D models of
Palmyra’s architectural monuments, created by various scientists and organizations, were
collected.

Results. The states of the architectural monuments of Palmyra before and after the destruction
were recorded, followed by their reconstruction in 3D for future restoration.

Conclusions. Conclusions are drawn about the expediency of restoring the architectural
monuments of Palmyra, since they are of great importance for the entire world community,
and many of them are included in the UNESCO World Heritage List.
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Monumopunz u nacnopmu3ayus 30aQHULL U COOPYHCEHUTL

IToaroroBka K BOCCTAHOBJIEHUIO CTPOUTEIBHBIX KOHCTPYKINH NAMATHHKOB
apxutexTyps! Ilanbmupsl B Cupun, NocTpajaBIuX B pe3yJbTaTe BOHHBI

Aabapedu 3uan AXMa)ll
'®I'BOY BO «[lerepOyprckuii rocy1apCTBEHHBIN YHUBEPCHUTET ITyTEH COOOIICHUS
Nwmneparopa Anekcanapa I». Cankr-IletepOypr, Poccuiickas ®enepanus

AnHOTanus: Bsedenue. ONUCHIBAIOTCS UCTOPUUYECKUE MAMATHUKUA apXUTEKTYPhl MUPOBOTO
3HaueHuss B [lanmemupe B Cupum, KOTOpble BXOIAT B CIHCOK BcemMupHoOro Hacienus
IOHECKO, takue xak MonymenransHas (TpuymdanbHas) apka, xpam baana (bena), xpam
baansmamuna. [IpuBogurca uctopus ux cospanusa B ropone Ilanpmupa, ux 3HaueHue s
skurenen [lanbMupsl TOro nepuoaa U pa3pymeHus OT MPOLUIBIX 3€MIIETPSCEHUM U BO BpeMs
60eBbIx neiicTBuil, HaunHas ¢ 2015 roga. Yka3plBaeTcsi BaKHOE 3HAUEHHE 3TUX MMaMSATHUKOB
JUIL CTPaHbl M MHPOBOTO COOOIIECTBA, YTO SBWJIOCh NPUYMHOW HMX BHIOOpa B KauecTBe
00BEKTOB HCCIIEIOBAHUS.

L]eny. UccnienoBanue npeaHa3sHau€Ho JiIsl TOro, YTOObl BHECTH BKJIa/l B BOCCTAHOBJIEHUE ITHX
LIEIEBPOB MUPOBOW apXUTEKTYphl, KOTOpBIE CYIIECTBOBAJIN Ha NPOTSDKEHUU IIOYTH ABYX
TBICSYEIICTHH.

Mamepuanwi u memoosi. BbInonHEeHa CBOETo pojia NacropTU3alMsl TaMATHUKOB apXUTEKTYPbI
Ha Teppuropun IlanmbMupel C HCIOJIB30BAHMEM BU3YAJIBHOIO METOAA HCCIIEIOBAHUS
COCTOSIHUSL OOBEKTOB. J[aHBI XapaKTepUCTUKU U TMOAPOOHOE ONUCAaHHE BbIIIEHA3BAaHHBIX
O0BEKTOB, IOCTPOCHHBIX KaK CHHTE3 TIPEKO-PUMCKOM U JIpeBHEH OJIMKHEBOCTOUYHOMN
apxuTekTypbl. ONKMCaHbl OTIWYUTEIBHBIE YEPTHI U pa3Mepbl CTPOUTENBHBIX KOHCTPYKIIH,
NpUBENEHbI IUIaHbl, pa3pe3bl U (ororpaguu OOBEKTOB 10 W MOCHE pPa3pylICHUN s
NOCIEAYIOWEN MX PEKOHCTPYKIMHM BHpTyansHO B 3D. g DNOBBIEHUS TOYHOCTH
TPEXMEpHBIX MojeNell OblIM COOpaHbl pa3auyHble MPOeKThl 3D-Moneneil apXHUTEKTYypHBIX
naMATHUKOB [laibMUpBI, CO31aHHBIE Pa3IMYHBIMU YYEHBIMU M OpraHU3alUsIMU.
Pe3zynomamei. 3adukcupoBaHO COCTOSHHUE MaMITHUKOB apXUTEKTYphl [lanbMupsl 10 U mocie
paspyleHHii ¢ mocneayonei ux pekoHcTpykiuen B 3D ams Oynyiero BOCCTaHOBJICHUS.
Bwvisoov. Cpaemanbpl BBIBOJBI O  11€71I€COOOPA3HOCTH  BOCCTAHOBJICHHS  MAMSITHUKOB
apxuTekTypsl llanbMupBl, Tak Kak OHUM HMMEIOT OIPOMHOE 3HA4Y€HHUE JUJIsl BCEr0 MHPOBOTO
COOOIIECTBA, K TOMY YK€ MHOTHE M3 HUX BXOJAT B criucok Becemuproro nacnenus FOHECKO.

KuiroueBsble ciioBa: maMsaTHUKHM apxXuTekTypsl, [laneMupa, Xxpam baansmamuna, xpam baana
(bena), MonymentaneHas (Tpuymdanshas) apka, ynuua boinbinas KojoHHajma, Teatp,
TEeTpanuioH, 3D-peKoHCTpyKIHA

Jasi uurupoBanusi: Anpnpedbu 3.A. [loaroroBka K BOCCTAaHOBICHHUIO CTPOUTEIBHBIX
KOHCTPYKIMN MaMATHUKOB apXUTeKTypsl [lanemupel B Cupun, nNocTpaiaBIIuX B PE3ysbTaTe
BoMHEI // Ceticmocmotikoe cmpoumenscmaso. bezonacnocms coopyacenuti. 2023. Ne 3. C.8-31
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Bruiag aBropa: ABTop O6eper Ha cebst OTBETCTBEHHOCTD 3a BCE aclEKThl pabOTHI HaJl CTaThEM.
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dunaHcupoBanue: VccienoBanrue He UMENIO CIOHCOPCKOM TTOIICPIKKH.
KoHpaukT uHTEpecoB: ABTOp 3asIBISET 00 OTCYTCTBHH KOH(IMKTAa HHTEPECOB.
Introduction

Palmyra is an ancient city originally founded in 1500 BC, and located in the Syrian
Desert on the territory of the modern province of Homs in Syria, 240 km northeast of the
capital Damascus. Palmyra originated as a transit or staging post for caravans that crossed the
Syrian Desert, a kind of oasis in this desert, as it was known for its fertile soil and water wells.
Palmyra was known as the bride of the desert and the venice of the sands.

The city gained fame a little over 1700 years ago during the reign of Queen (Fig. 1)
Zenobia (240-275), who was called the queen of warriors and in many ways resembled the
Egyptian Cleopatra. She ruled like Cleopatra and was defeated by the Romans around 273—
274. Her reign coincided with an era when the Romans began to take an interest in Palmyra,
first for economic and later for political reasons. The sharp increase in the interest of the
Romans in oriental goods led to a sudden increase in the importance of Palmyra to the size of
one of the largest cities in the East [18-20]. The city connected the Roman world with
Mesopotamia, caravans transited through Palmyra, crossing the Syrian Desert, and their
transit brought wealth to the city [3]. Its sudden and enormous prosperity was brought to an
end by the Romans. From the day when the Roman emperor Aurelian (Fig. 2) ended
Zenobia’s rule over the desert, trade routes parted, and the importance of Palmyra began to
decline [1, 4, 5, 8, 21].

The rich cultural heritage, which constitutes a significant part of the intellectual wealth

of society, is constantly under the threat of destruction. Threats of destruction come primarily
from disagreements and conflicts and from natural disasters such as earthquakes. Wars have
always harmed cultural heritage as well as human life. For example, the damage to the
UNESCO World Heritage Sites of the Bamiyan Buddha Statues in Afghanistan in 2001,
which are more than 1,700 years old, was followed by serious damage to the ancient city of
Palmyra in Syria in 2015, which is also a UNESCO World Heritage Site [6, 9].
In Palmyra, before the destruction in 2015 during the hostilities, there were well-preserved
temples dedicated to the ancient Mesopotamian gods, the Great Colonnade Street with
Corinthian columns, the Monumental (Triumphal) Arch, the theater [7], the castle and the
valley of tombs (Fig. 3-5). The city was considered one of the most majestic cities of the
ancient world partially destroyed by time and cataclysms [17]. As one of the outstanding
cultural centers of the world, it has been included in the UNESCO World Heritage List.

To restore the architectural monuments of Palmyra in Syria, the first step is to create
their 3D models. The generally accepted algorithm for creating 3D models [11, 12, 13, 16] is
as follows: Measurements of historical objects should mainly be carried out using laser-
scanning technology for their subsequent 3D modeling. It is worth noting that merging scans
into a single cloud of laser scanning points is a laborious process, and building an accurate
dimensional 3D model of objects takes a lot of time, since software for designing buildings
and structures gives few opportunities for accurate modeling non-ideal or imperfect walls of
old buildings and structures.

Labor and financial costs for the production of measurement works and the
construction of 3D models of buildings and structures can differ significantly depending on
the required final detail and accuracy of the final model and on the complexity of the object
itself. The duration and complexity of the shooting process depends on the distance to nearby
buildings and the height of the building being shot, as well as on the possibility of shooting
from the roofs of neighboring buildings.
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Figure 1 — Zenobia in chains of the Roman emperor Aurelian
(Sculpture by Harriet Hosmer, 1859)

Figure 1 — 3eHo0us B LemsX pUMCKOIro UMIieparopa ABpenuaHa
(Ckynwsrnitypa Xoppuet Xocmep, 1859)

Figure 2 — The image of the Roman emperor Aurelian on a gold coin

Figure 2 — M300paxxenne puMCKOTo UMIiepaTopa ABpeiinaHa Ha 30JI0TOH MOHETE
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Figure 3 — Map of Palmyra, Syria:
1— Monumental Arch; 2—Temple of Baalshamin; 3— Temple of Bel; 4— Great Colonnade
street; 5S—Tetrapylon; 6—Theatre

Figure 3 — Kapra r. [Tansmupsl, Cupus:
1— MonymeHTanbHas apka; 2—xpam baansimamuna; 3— xpam baana (bena); 4— ynuna bonbiras
KOJIOHHAJa; 5—TeTpanwioH; 6—rearp

Figure 4 — Palmyra before destruction (top view)

Pucynok 4 — [TaneMupa 10 paspyuieHuit (BU CBEpXY)
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Figure 5 — Great Colonnade Street (top view)
Pucynoxk 5 — Ynunua bonbinas kononnana (Bua cBepxy)

Ancient water supply system

A system of pipelines (Fig. 6,a) and aqueducts to supply Palmyra with water from
wells (Fig. 6,b) and grottoes existed before and during the reign of Queen Zenobia. They

supplied the city and the caravans passing through it with precious water in the desert
conditions.

Figure 6 — The ancient water supply system of Palmyra:
a — Stone pipeline near the amphitheater (shown by arrow); b — Ancient wells on the territory
of Palmyra (indicated by black diamonds)

Pucynok 6 — JlpeBHsist cucteMa BojocHaOxeHus [lanbMupsi:
a — KaMeHHBIA TPpyOOTTPOBOT HEJAIEKO OT aMmpuTearpa (TMoKa3aH CTPEIKOM); 6 — IPEBHUE
KOJIO1bI Ha TeppuTopun [lanemupsl (0003HAYCHBI YEPHBIMUA POMOAMH )
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Palmyra in the conditions of hostilities in Syria after 2011

Radical militants in a barbaric way, which is undoubtedly an act of vandalism, were
destroyed in the following chronology, the Temple of Baalshamin was destroyed on August
24, 2015, then the Temple of Baal (Bel) was destroyed on August 31, 2015, then on October
4, 2015, the Monumental (Triumphal) Arch, and the main street of Palmyra, the so-called
Great Colonnade Street, was partially destroyed. These architectural monuments were unique
and combined mixed architectural styles, in which Greco-Roman architecture and ancient
Near Eastern architecture were present. Currently, many masterpieces of world architecture in
Palmyra are on the verge of extinction or have almost disappeared. This is an irreparable loss
of UNESCO World Heritage Sites for us and for posterity.

The task of scientists and researchers is to reconstruct virtually with the help of
modern science the above monuments of architecture so that they are preserved at least in
such a virtual form for future generations and, of course, for their possible restoration. Three-
dimensional computer graphics or 3D modeling allow you to virtually reconstruct, fix,
preserve their previous state before destruction, and restore their authenticity and original
appearance for the subsequent possible restoration of these beautiful architectural monuments,
the building structures of which are an example of the high skill of ancient builders and a
standard for their modern colleagues.

Since 2015, several steps have been taken around the world to preserve and revive the
memory of the lost splendor of Palmyra, reconstructing the city’s objects in 3D, thereby
striving to resurrect them virtually in order to further restore the lost masterpieces of world
architecture in Palmyra.

For example, a project called “Virtual Palmyra” was launched by a Turkish researcher,

PhD Denker Ahmet with his students from Istanbul Bilgi University, or in the Russian
Federation, by the Center for Rescue Archeology of the Institute of the History of Material
Culture of the Russian Academy of Sciences, together with the Russian Geographical Society
and Syrian specialists, was created a 3D model project Monumental (Triumphal) arch of
Palmyra for its further restoration. Founded in France in 2013, Iconem is an innovative start-
up that specializes in digitizing endangered cultural heritage objects, in 3D, together with the
General Directorate of Antiquities and Museums of Syria (DGAM), 3D models of many of
Palmyra’s historical sites have been created. The California-based Arc/k project, created by an
organization founded in 2014 in Los Angeles, has been working to create an online database
of endangered historic sites. In particular, 3D models of the Monumental (Triumphal) Arch,
the Temple of Bel, the Amphitheater and the Castle, which are located in Palmyra, were
created.
The 3D models of the Temple of Bel and the Palmyra Triumphal Arch were created by
Wissam Wahbeh, who is a PhD in architecture, lecturer in information modeling of buildings
and structures, computational design, reconstruction of cultural heritage at the University of
Applied Sciences and Arts of Northwestern Switzerland. The results of some of the above-
mentioned 3D models have been presented in several figures in this article.

It is worth noting that the creation of 3D models of the same architectural objects by
various specialists and organizations increases the accuracy and truthfulness of such models
and brings them as close as possible to the original.

Temple of Baal (Bel)
In Palmyra, the main sanctuary is the Temple [10] of Baal (Bel) (Fig. 7). It was

located on a stepped base in the middle of an almost square open courtyard measuring 175 x
180 m. The main building of the temple at the level of the stylobate rises above a rectangular

14
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area measuring 29.52 m x 54.6 m. The building was surrounded by a portico about 30 m deep,
therefore, the external dimensions of the temenos (the sacred area of the temple) were
increased to 205 x 210 m, its central room was rectangular in shape and was surrounded on
four sides by columns, and on the ends of the building there were in two rows. The Great
Colonnade Street leads to its entrance. The central entrance to the temple was located on the
longitudinal side, and not on the front side, as in other ancient temples. The entrance was
distinguished by powerful pylons with stone reliefs. The inner space of the temple of Baal
was a large hall not separated by either colonnades or walls. The temple was a magnificent
synthesis of Greco-Roman and ancient Middle Eastern architecture.

The ancient builders erected the Temple of Baal in honor of the local supreme
Mesopotamian god Baal (Bel), who was revered in the city and considered the main god of
Palmyra and was equal to the Roman god Jupiter and the Greek god Zeus. The building
structures of the temple before the destruction was in good condition.

Corinthian columns existed on the outer wall. The porticos of the temple had double
rows of Corinthian columns. The exception was the western side, where only one row of
columns existed. The ends of the Temple stood in a north-south direction. The main axis of
the Temple was deviated by 5 degrees from the north-south axis and divided its open
courtyard into two asymmetrical parts, namely in a ratio of 3:2. The western part had a depth
of about 105 m, and the eastern part had a depth of 70 m. The inner part or main building, the
so-called Cella, was a rectangular building measuring 15.8 x 39 m. (Fig. 8). This building was
surrounded by one row of Corinthian columns, 8 columns from the north side and from the
south side, 12 columns each on the west side and 13 columns each on the east side. The height
of these columns was about 15.81 m, and their base diameter was about 1.33 m, the height of
the building was 33.14 m (Fig. 9).

Until its destruction on August 31, 2015 (Fig. 10), this temple impressed visitors and
tourists as it was one of the most impressive and famous structures in the Syrian Palmyra.
This ancient city was associated with this magnificent temple.

Figures 11-14 show 3D models of the Temple of Baal (Bel) made by different
organizations and scientists.

Figure 7 — Temple of Bel in Palmyra, Syria

Pucynok 7 — Xpam baana (bena) B [lanemupe, Cupust
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Figure 8— Plan of the Temple of Bel, (dimensions in m)

Pucynok 8 — Ilnan xpama baana (bena), (pazmeps! B M)

Figure 9 — Side view of the main building of the Temple of Bel, (dimensions in m)

Pucynok 9 — Bun cooky rmaBHoro 3aanus xpama baana (bena), (pasmepsl B M)
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Figure 10 — The ruined Temple of Bel

Pucynok 10 — Pa3pymennsiii xpam baana (bena)

Figure 11 — 3D of the destroyed Temple of Bel in Palmyra (Source: Iconem and DGAM)

Pucynok 11 — 3D pa3zpymennoro xpama baana (bena) B [Tansmupe
(Uctounuk: Iconem and DGAM)
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Figure 12 — 3D reconstruction of the Temple of Bel and its temenos in Palmyra
(state before destruction) (Source: Arc/k project)

Pucynok 12 — 3D-pexonctpykuus xpama baana (bena) u ero temenoca B [lansmupe
(coctostaue no pazpyuenus) (Mcrounuk: Arc/k project)

A notable aspect of the architecture of the Temple of Bel is the asymmetry of the
columns on the sides. This was due to the fact that access to the cella was not through the

front door. The door was placed asymmetrically on the side wall, requiring the visitor to turn
90° to view the cult site (Fig. 13).

a(a) o(b)

Figure 13 — 3D reconstruction of the Temple of Bel:
a — Full 3D reconstruction of the western side of the Temple of Bel in accordance with
historical records, (scale in m); b — Full 3D Reconstruction of the Temple of Bel and its
temenos in Palmyra in accordance with historical records. Bird’s-eye view (scale in m)
(Source: Denker Ahmet)

Pucynoxk 13 — 3D-pekonctpyknus xpama baana (bena):

a — Ionnas 3D-pexoHCTpyKIUS 3anaHol cTOpoHb! Xpama baana (bena) B cooTBeTcTBUY C
HMCTOPUYECKUMHU 3aMKCsIMU, (mKana B M); 6 — [Tomnas 3D-pekoHcTpykius xpama baana
(bena) u ero remenoca B [lanbMupe B COOTBETCTBUU C MCTOPUUYECKUMH 3amucsiMu. Buj ¢
BBICOTHI IITUYBErO noJjeTa (mkana B M) (Mcrounnk: Denker Ahmet)
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The temple of Bel in its appearance was built according to the canons of Hellenistic
architecture (Fig. 13). The entrance to the courtyard was carried out from the western side
through the monumental propylaea (that is, the front passage formed by porticos and
columns) 35 m wide. This entrance occupied almost one sixth of the front wall. Visitors were
led to the gate by a majestic staircase. The facade was decorated with a projecting portico
with 8 columns (Fig. 14).

Figure 14 — Complete 3D reconstruction of the monumental propylaea of the Temple of Baal
(Bel) in accordance with historical records (Source: Denker Ahmet)

Pucynok 14 — Ilonnast 3D-pekoHCTpyKIIMS MOHYMEHTaIbHBIX NponuieeB Xpama baana (bena)
B COOTBETCTBUU C ucTopuueckuMu 3anucsamu (Mcrounnk: Denker Ahmet)

Temple of Baalshamin

The Temple of Baalshamin (Fig. 15) was located 200 m north of the Great Colonnade
Street. It was facing east. The main temple building was located in a semi-rectangular
temenos with a maximum length of 163 m and a maximum width of 58 m (Fig. 16).

Figure 15 — The Temple of Baalshamin in Palmyra, Syria, before the destruction

Pucynok 15 — Xpam baansmamuna B [lansmupe, Cupus, 10 pazpyuieHus
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Figure 16 — Full 3D reconstruction of the Temple of Baalshamin and its temenos in Palmyra
in accordance with historical records. Bird’s-eye view (scale in m) (Source: Denker Ahmet)

Pucynok 16 — Ilonnas 3D-pekonctpykuust xpama baaneimamuna u ero remenoca B [lanemupe
B COOTBETCTBHH C UICTOPUYECKUMU 3aIMCSIMU. BU ¢ BBICOTBI ITHYBETO MOJIETa (1IKaIA B M)
(Ucrounnk: Denker Ahmet)

As in the case of the Temple of Bel, the Temple of Baalshamin [15] also demonstrated
hybridity in design. Greco-Roman features were demonstrated by its colonnade, prostyle,
facade and tetrastyle structure i.e. with four columns in front.

The main building of the temple stood on a stylobate measuring 10.6 x 16.9 m (Fig.
17). The four free-standing columns of the portico are made in the Corinthian order. They
were 7.8 m high and stood on Attic bases; the total height of the building was 12.9 m (Fig.
18). The walls of the cella were decorated with flat plaster in the Corinthian style.

16.9

il 10.6

|

&) @lé'

Figure 17 — Plan of the main building of the Temple of Baalshamin (dimensions in m)

Pucynok 17 — I1nan rnaBHoro 31anus Xxpama baansimamuna (pa3mepsl B M)

20



Z.A. Aldrebi Preparation for the restoration of building structures of Palmyra's ...

16.9

Figure 18 — Side view of the Temple of Baalshamin (dimensions in m)
Pucynok 18 — Bun cOoky xpama baansimamuna (pazMepsl B M)

The Association for the Protection of Syrian Archaeology reported that the temple of
Baalshamin was destroyed by radical militants in August 2015 (Fig.19).

Figure 19 — The ruined Temple of Baalshamin

Pucynok 19 — Pa3zpymennsiii xpam baansmamuza

Along with the general classical Greco-Roman appearance, it also reflects pronounced
Near Eastern motives. The most notable of these were the cella windows. A three-
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dimensional reconstruction [14] of the Temple of Baalshamin and its environs is shown in
Figures 20-22.

Figure 20 — 3D reconstruction of the Temple of Baalshamin in Palmyra corresponding to the
state before the destruction (Source: archeologie.culture.gouv.fr and Iconem)

Pucynok 20 — 3D-pexonctpykuus xpama baansimamuna B [Tansmupe, cOOTBETCTBYIOMIAS
coctosiHuio 70 paspymenus (Mcrounuk: archeologie.culture.gouv.fr and Iconem)

Figure 21 —3D reconstruction of the portico of the Temple of Baalshamin (scale in m)
(Source: Denker Ahmet)

Pucynok 21 — 3D-pexoHcTpyKIus TOpTHKA Xpama baanbimamuHa (1kana B M)
(Uctounuk: Denker Ahmet)
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Figure 22 — 3D reconstruction of the Temple of Baalshamin in Palmyra in accordance with
historical records (Source: Denker Ahmet)

Pucynok 22 — 3D-pexkoHcTpykuus xpama baansmamuna B [lanbmMupe B COOTBETCTBUM C
ucropuuecknmu 3armucsimu (Mcrounnk: Denker Ahmet)

Monumental Arch (Triumphal Arch) of Palmyra

The monumental Arch of Palmyra or as it is otherwise called the Triumphal Arch (Fig.
23) was built at the end of the 2nd century during the reign of the Roman emperor Lucius
Septimius Severus and belongs to Roman architecture [2]. It consists of three parts
(entrances), to which the Great Colonnade Street adjoins. Structurally, it is located at an angle
of 30° to the above-mentioned straight street (Fig. 24), which connects to the Temple of Bel.
The middle part of the street is about 11 m wide, was not paved with flat stones and was used
for driving animals and passing ancient vehicles. On the sides of the street, there were two
covered porticos built of golden limestone and pink Aswan granite, the width of each portico
is about 7 m. The diameter of the columns of the above-mentioned porticos was about 0.95 m,
and their height was about 9.5 m. As of 2014, there are about 150 columns left. In 2015, the
Monumental Arch was blown up by radical militants (Fig. 25). 3D reconstruction of the
Monumental Arch is shown in Figures 26-28.
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Figure 23— Monumental Arch (Triumphal Arch) of Palmyra, Syria, before destruction

Pucynok 23 — Monymenranbnas apka (Tpuymbansnas apka) [lanemupser, Cupus,
J10 pa3pyLICHUS

Figure 24 — Reconstruction of the plan and facade of the east side of the Monumental Arch of
Palmyra, Syria (Author: Borra, Giovanni Battista, London, 1753)

Pucynox 24 — PekoHcTpykius miiaHa u (acaga BOCTOUHON CTOPOHBI MOHYMEHTATBHOW apKu
B [lanemupe, Cupus (ABtop: boppa, J)xoBannu barrucra, Jlongon, 1753)
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Figure 25 — Destructions in the Monumental Arch of Palmyra

Pucynok 25 — Pa3zpymenust B MonyMmeHTanbHoOuU apke B [Tanemupe

Figure 26 — 3D of the destroyed Monumental Arch of Palmyra (Mcrounuk: Iconem)

Pucynok 26 — 3D pa3pymennoit MonymeHnTtanbHoU apku B [Tansmupe (Source: Iconem)
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Figure 27 — 3D Reconstruction of the Monumental Arch of Palmyra to the state before
destruction in 2015 (Source: Arc/k project)

Pucynok 27 — 3D-pekoHcTpykuyst MonyMeHTanbHOU apku B [laneMupe 10 cocTosiHus nepen
paspymenuem B 2015 rony (Mcrounuk: Arc/k project)

Figure 28 — Full 3D reconstruction of the Monumental Arch in Palmyra approximately in
accordance with historical records (Source: SCADL & Co)

Pucynox 28 — ITonnast 3D-pexkoHcTpyKIns MOHYMEHTAIBHON apKy MPUOIM3UTEIHHO B
cootBeTcTBUM ¢ ucTopudeckumu 3anucsimu (Mcrounuk: SCADL & Co)
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Monitoring, certification, and 3D modeling of other important facilities in Palmyra
such as the Great Colonnade Street, the Tetrapylon, the Theater, and the Castle (Fig. 29-32)
and others, which have been damaged since 2015, may be the subject of further research.

Figure 29 — The Great Colonnade Street in Palmyra in 2013

Pucynoxk 29 — Ynuna bonbmas kononnazga B [lansmupe B 2013 1.

Figure 30 — The Tetrapylon in Palmyra in 2009

Pucynok 30 — Terpanuiion B [Tanemupe B 2009 r.
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Figure 31 — The Theater in Palmyra in 2015

Pucynok 31 — Tearp B [Tanemupe B 2015 .

Figure 32 — The Castle in Palmyra in 2015

Pucynox 32 — 3amok B [Tansmupe B 2015 1.
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Conclusions

This study examined the most significant masterpieces of world architecture in
Palmyra that existed for many centuries and were included in the UNESCO World
Heritage List, disappeared, or partially disappeared overnight due to the inability of
people to appreciate their past in order to have a better future;

3D models of the Temple of Baal (Bel), the Temple of Baalshamin and the
Monumental (Triumphal) Arch were collected, which were practically destroyed as a
result of the war;

The presence of various projects of 3D models of Palmyra’s architectural monuments
created by various scientists and organizations will improve the accuracy of such
models and bring them as close as possible to the original;

The presence of many projects of 3D models created by various scientists and
organizations will allow preserving the above-mentioned architectural monuments
virtually and restoring them in the future;

It is necessary to create 3D models of other significant objects of Palmyra such as
Tetrapylon and Great Colonnade Street, etc., thereby continuing the research in this
direction.
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