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Abstract

Introduction. The historic cable-stayed suspension bridge of the city of Deir ez-Zor in Syria, which
is an architectural monument, is described. The history of its creation at the beginning of the twentieth
century and its destruction during the hostilities in 2013 is given. The importance of this bridge for the city
and for the country as a whole is indicated, which was the reason for its choice as an object of research.

Aim. The study is intended to contribute to the restoration and (or) subsequent seismic strengthening of the
cable-stayed suspension bridge of Deir ez-Zor.

Materials and methods. A detailed description and characteristics of the above-mentioned bridge, built
according to the system of the French design engineer Albert Gisclard, according to the project of the design
engineer Gaston Leinekugel Le Cocq and the construction company “Arnodin”, are given. Suspension and
cable-stayed bridges are compared and distinctive features of Gisclard bridges are listed. Radial cable-
stayed trusses are described and the scheme of load distribution in suspension and cable-stayed bridges
is illustrated. Examples of the calculation of the stay cables and their cross-sectional area are briefly given,
which can be used in the restoration of the bridge and its cable stays. The method of protecting the bridge
from wind and seismic influences is considered.

Results. Lines of influence for radial cable trusses of the Gisclard system are illustrated, showing tension and
compression zones in the cable stays. Stiffening cables are recommended for adding to the design of multi-span
cable-stayed and suspension bridges, as they increase their rigidity. To protect the cable-stayed suspension
bridge of the city of Deir ez-Zor from wind and seismic vibration, a method of damping or reducing wind and
seismic vibration using magnetorheological liquid dampers with tuned mass is proposed.

Conclusions. Conclusions are drawn about the feasibility of seismic strengthening of the Deir ez-Zor bridge
together or after restoration with the help of the above-mentioned dampers, which allow protecting the
bridge, while maintaining its authenticity and original exterior appearance.
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NEPBbIE LUAMM K BOCCTAHOBJIEHUIO U CEUCMOYCUJIEHUIO
MCTOPUYECKOIO BAHTOBOIo BUCAYEI0 MOCTA
r. AENP-33-30PA B CUPUU

3.A. AJIbAPEBW, kaHg. TexH. Hayk

@rb0Y BO «[letepbyprckuii rocynapCTBeHHbIN yHUBEPCUTET nyTeu cooblyeHus ViMnepaTtopa AnekcaHapa I»,
Mockosckuii np., 4. 9, r. Cankt-letepbypr, 190031, Poccuiickas @egepayus

AHHOTauumsA

BBegenne. OnncbiBaeTcs NCTOPUYECKUA BAHTOBbIM BUCSYMIA MOCT ropofa [delp-33-3opa B Cvpun, KoTopbli
ABNAETCS NaMATHUKOM apxXMTeKTypbl. [IpUBOAUTCSH MCTOPUS €ro co3faHnsa B Hayane ABajLaToro Beka 1 pas-
pyweHuns Bo BpeMs boeBbix feitcTeuin B 2013 rony. YkasbiBaeTcs BakHOe 3Ha4YeHMe 3Toro MocTa Afid roposa
W CTpaHbl B LLENOM, YTO SIBUSTOCb NPUYNHON ero Bbibopa Kak obbekTa nccnefoBaHus.

Llesib. Mccneposanue npeaHazHadeHo A5 Toro, 4Tobbl BHECTU BKIIaf B BoccTaHoBeHue 1 (unu) nocneaytoulee
ceicMoycusieHne BaHToBOro Bucsayero Mocta [lelip-33-3opa.

Matepuansi n MeTogbl. Jlanbl noapobHoe onncaHme v xapakTepUCTUKK BbiLLeHa3BaHHOI0 MOCTa, MOCTPOEHHOI0
no cucTeMe GpaHLy3CKoro MHXeHepa-npoekTMpoBLymKa AnbbepTta XXucknspa, no npoekTy MHXeHepa-npoek-
TupoBLlumka [acToHa JlenHekyrenb Jle Koka n cTpontenbHol KoMnaHum «ApHoauH». BbinonHeHo cpaBHeHMe
BMCSUYMX Y BAHTOBbIX MOCTOB U MepeyncsieHbl 0TANYMUTeNIbHble 0CO6EHHOCTM MOCTOB cucTeMbl XXucknspa.
OnucaHbl paananbHo-BaHToBble GepMbl M MPOUNIIIOCTPMPOBaHA CXeMa pacrnpefeneHns Harpy3ku B BUCHUMX
1 BaHTOBbIX MocTax. KpaTko npMBefeHbl NpUMepbl pacyeTa BaHT U NIOLWAAM MX NMONEPEeYHOro CeYeHusl, KOTo-
pble MOryT 6bITb UCMOMb30BaHbI NPU BOCCTAHOB/IEHWU MOCTa U ero BaHT. PaccMOTpeH MeToA 3aluThl MoCTa
OT BETPOBOrO ¥ CEICMUYECKOr0 BO3LENCTBUN.

Pe3synbtatsl. [TpounnioCTpupoBaHbl IMHUW BAVSHUS LN pagnanbHO-BaHTOBbIX depm cucTeMbl XKucknsapa,
noka3sblBatolLe 30Hbl PacTsXKeHNs U ckaTus B BaHTax. PekoMeHaoBaHbl kabenu xxecTkocT nns gobasne-
HUS B KOHCTPYKLMIO MHOTOMPOETHbIX BAHTOBbIX U BUCHUYMX MOCTOB, Tak Kak OHW MOBLILLIAIOT UX KeCTKOCTb.
[Ina 3awuTbl BAHTOBOrO BMUCAYEero MocTa . [leiip-33-3opa oT BETPOBOM 1 celicMuyeckol BUbpaLumm npeanioxeH
METO/, ralleHUs U CHUXKEHWS BETPOBOIN U CeiicMUYeCcKol BUBpaLMm ¢ MoMOLLbI0 MarHUTOPEOoI0rMyeckmx
KMAKOCTHbIX AeMndepoB ¢ HacCTpanBaeMol Macco.

BbiBogbl. CoenaHbl BbIBOAbI 0 LenecoobpasHocTu ceicMoycunieHns mocta r. [elip-33-30pa ogHOBpPEMEHHO
C BOCCTAHOBJIEHWEM UJIM MOCJIe HEMO C MOMOLLLbIO BbiLeyKa3aHHbIX AeMdepoB, MO3BOMAILLMX 3aLLUTUTL MOCT,
MpW 3TOM COXPaHMWB €ro ayTEHTUYHOCTb U OPUTMHASbHbIV BHELWHWIA BUA,.

KntoyeBble cnoBa: BUCHUNIA MOCT, BaHTOBbIN MOCT, [elip-33-30p, BocCTaHoBNeHWe, BUBpaLus, ceicMoycu-
nexve, cuctema Xucknapa, MHePLMOHHbLIN feMndep, MarHUTopeonornyeckmin gemnep
Ons umtupoBaHusa: Anbapebu 3.A. MNepBble Warn K BOCCTaHOBNIEHWIO U CENCMOYCUEHMIO UCTOPUYECKOT0 BaH-

TOBOro BMCAYero MocTa r. [leip-33-3opa B Cupun. BectHuk HUL| «Ctpoutenscteox». 2023;36(1): 7-26. https://
doi.org/10.37538/2224-9494-2023-1(36)-7-26
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Introduction

The city of Deir ez-Zor is located in the northeast of the Syrian Arab Republic on the right
bank of the Euphrates River, but part of it is located within the island in the middle of the river,
where the river forks into two branches before entering the city, one large and the other small
branch. The main attraction of this city was and is the so-called “suspension bridge of Deir ez-
Zor” or “French bridge”. This bridge is a hybrid of a cable-stayed and suspension bridge built
over the Euphrates River in six years (1925-1931) at a time when Syria was under the French
mandate and connects the right and left banks of the above- mentioned river. Until 1980, it was
used as a road bridge and a pedestrian bridge, but after that it was used exclusively as a pedestrian
bridge in order to preserve it for future generations due to its architectural value to the country.

This pedestrian bridge is one of two bridges of the Gisklard system model built in Syria by the
French Army, along with the Suvar Bridge on the Khabur River. The bridge was built according
to the system of the French cable-stayed suspension bridge design engineer Albert Victor Hippolyte
Leon Gisclard (Fig. 1a), the author of the bridge design was the French cable-stayed suspension
bridge design engineer Gaston Leinekugel Le Cocq (Fig. 1b), who was the representative of the

ala) b(6) c(s)

Fig. 1. French design-engineers of cable-stayed suspension bridges of the late 19th century - the first half of the 20th
century: a - Albert Victor Hippolyte Leon Gisclard (1844-1909); b - Gaston Leinekugel Le Cocq (1867-1965);
¢ - Ferdinand Joseph Arnodin (1845-1924)
Puc. 1. ®paHuy3ckue vHXeHepbl-NpoeKTUPOBLLUKM BAHTOBbIX BUCAYMX MOCTOB KOHLa XIX — nepBoi NonoBuHbI
XX-ro Beka: a - Anb6ept Buktop Unnonut NleoH Xucknsp (1844-1909); 6 - TacToH JleitHekyrenb Jle Kok (1867-1965);
B - ®epavHang Xozed ApHoauH (1845-1924)
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construction company “Arnodin”. This construction company belonged to Ferdinand Joseph Ar-
nodin [11], who was also an engineer, industrialist and head of the above-mentioned construction
company of the same name (Fig. 1¢). Albert Gisklard died in 1909 in the south of France as a re-
sult of a catastrophe during load tests at the end of the construction of the railway cable-stayed
suspension bridge “Pont de Cassagne”, which was later named after him “Pont Gisclard” [11-13].

Cable-stayed suspension bridge in Deir ez-Zor

The cable-stayed suspension bridge of Deir ez-Zor (Fig. 2) consists of four main pylons and
two side anchor pylons located on the right and left banks of the Euphrates River. The bridge
consists of five spans, three main spans of 112.50 m each and two side spans of 34.62 m each, i.e.
(34.62 + 3 x 112.5 + 34.62). The total length of the spans of the bridge according to the project
is 406.74 m. The width of the bridge, including sidewalks, is 3.5 meters, and excluding sidewalks
is 2.7 m, the width of each of the two sidewalks is 40 cm. The total width of the bridge is 3.9 m.
The weight of the bridge is approximately 390 tons. The stiffening girder is steel I-shaped form.
The distinctive features of this bridge are the radial-stay trusses and the middle cable attachment
node, which are the “hallmark” of the Gisklard system [11-13].

The plan, section, and some stages of the construction of this bridge are shown in Fig-
ures 3-9, namely the beginning of construction in 1925, the construction process, load tests and
the opening of the bridge in 1931, the modern view of the bridge in the XXI century, and photo-
graphs of the destroyed bridge after 2013 as a result of the war (Fig. 10—-11).

Fig. 2. The cable-stayed suspension bridge in Deir ez-Zor, Syria
Puc. 2. BaHTtoBbilt Bucaumnin MocT r. [leiip-33-3opa, Cupusa
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Fig. 3. The plan and section of the cable-stayed suspension bridge of Deir ez-Zor according to the Gisclard system.
The author of the project is the French design engineer Gaston Leinekugel Le Cocq (1925)
(photo from the archives of Arnodin - Leinekugel Le Cocg)
Puc. 3. MnaH v pa3pes BaHTOBOro BUcsyero Mocta r. [lenp-33-3opa no cucteme XKucknsipa. ABTop npoekra —
bpaHLy3CcKUit MHKeHep-npoekTUpoBLKK MacToH JleiHekyrens Jle Kok (1925)
(poTo u3 apxvsos ApHopuHa - Jlennekyrens Jle Koka)

Fig. 4. The beginning of the construction of the cable-stayed suspension bridge in Deir ez-Zor, 1925. Installing a crane
to erect a bridge pier [photo from the archives of Arnodin - Leinekugel Le Cocq)
Puc. 4. Hauano cTponTenbcTBa BaHTOBOMO BUCsiYero MocTa r. [leiip-33-3opa, 1925 rog. YcTaHoBKa KpaHa 415 BO3BeAeHs
onopbl MocTa (poTo 13 apxnsos ApHoauHa - JleiHekyrens Jle Koka)

1



Becthuk HUL «Ctpoutenscteo» o 1(36)2023
Bulletin of Science and Research Center of Construction e 1(36)2023

s e mar o i S

Fig. 5. The extreme anchor pylon of the cable-stayed suspension bridge in Deir ez-Zor in the process of construction
in the 20s of the XX century (photo from the archives of Arnodin - Leinekugel Le Cocq)

Puc. 5. KpaiHuit aHkepHbI NUI0H BaHTOBOrO BucaYero MocTa r. [leip-33-3opa B npouecce cTtpouTtenscTsa B 20-e rogbl

XX Beka (dboTo 3 apxmeos ApHoguHa - JleitHekyrens Jle Koka)

Fig. 6. The cable-stayed suspension bridge in Deir ez-Zor under construction, April 1928 (photo from the archives
of the architect-archaeologist Maurice Pillet)
Puc. 6. BaHToBbli1 BUCAUMIA MocT I. [eiip-33-3opa B npouecce cTpouTenbCTea, anpens 1928 roga (doTo 13 apxneos
apxuTtekTopa-apxeosnora Mopuca Munne)
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Fig. 7. Inauguration of the cable-stayed suspension bridge in Deir ez-Zor and testing the load bearing capacity of the
bridge deck in 1931 (photo from the archives of Arnodin - Leinekugel Le Cocq)
Puc. 7. OTkpbiTvie BaHTOBOrO BUcAYero MocTa r. [leiip-33-30pa 1 UcCMbITaHWe HecyLeit cnocobHOCTM MOCTOBOrO HacTWUNa
B 1931 rogy ($oTo u3 apxusos ApHoaunHa - JleiiHekyrens Jle Koka)

Fig. 8. General modern view of the Deir ez-Zor cable-stayed suspension bridge over the Euphrates River before
destruction in 2013
Puc. 8. 06wt coBpeMeHHbI BUA, BAHTOBOMO BucaYero MocTa . [leip-33-3opa yepe3 peky EBdpat fo paspywerums
B 2013 ropy
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Fig. 9. The extreme anchor pylon of the cable-stayed suspension bridge in Deir ez-Zor (modern view until 2013)

Fig. 10. Damaged and destroyed pylons of the cable-stayed suspension bridge in Deir ez-Zor. The arrows show damage
Puc. 10. MNoBpexaeHHble 1 pa3pyLUeHHble MUIOHbI BAHTOBOrO BUCsYero MocTa r. [leiip-33-3opa.
CTpenkamu nokasaHbl NoBpexaeHuUs
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Fig. 11. The cable-stayed suspension bridge of Deir ez-Zor after destruction in 2013. The arrows show damage
Puc. 11. BaHToBbI BUcaunit MocT . lelip-33-3opa nocne paspywerns B 2013 rogy. CTpenkaMun nokasaHbl MoBpexaeHUs

During the hostilities in Syria, the bridge described above was damaged and destroyed (Fig. 10—
11) in May 2013.

In the first half of the XX century, several bridges were designed and built by Gisklard's col-
league Gaston Leinekugel Le Cocq, and Ferdinand Armodin's construction company according
to the Gisklard system. For example, a cable-stayed suspension bridge similar to the cable-stayed
suspension bridge of Deir ez-Zor, but with an improved radial cable-stayed truss, the cable-stayed
suspension bridge ‘“Puente Colgante de Santa Fe” in the city of Santa Fe in Argentina (Fig. 12—13).

— |
Fig. 12. “Puente Colgante de Santa Fe” bridge in Santa Fe, Argentina, with an improved radial cable-stayed truss of the
Gisclard system (a circa 30s), [photo from the archives of Arnodin - Leinekugel Le Cocq)
Puc. 12. Moct «Puente Colgante de Santa Fe» B r. CaHTa-®e, ApreHTuHa, ¢ ynyyleHHon pajuanbHo-BaHTOBOW Gepmoi
cuctembl Xucknspa (npumepHo 30-e roabi) (poTo n3 apxnsos ApHoamHa - Jlentekyrens Jle Koka)
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Fig. 13. The section of “Puente Colgante de Santa Fe” bridge in Santa Fe, Argentina, with an improved radial cable-
stayed truss (approximately the middle of the 20s of the XX century) (photo from the archives
of Arnodin - Leinekugel Le Cocq)
Puc. 13. Paspes mocTa «Puente Colgante de Santa Fe» B r. CaHta-®e, ApreHTuHa, ¢ ynyyweHHOW pagnanbHO-BaHTOBOK
dbepmoit (npumepHo cepeaunHa 20-x rogos XX seka) (boTo 13 apxmsos ApHoauHa - JleiHekyrens Jle Koka)

= AtEdUR TOTHLE wTiik pu rasiica’ 9770 —

Definition of suspension and cable-stayed bridges

In general, suspension and cable-stayed bridges have similar schemes, but they also differ in the
way of supporting the stiffening girder called a deck on which the roadway is located. The main
difference between suspension bridges and cable-stayed bridges is that in suspension bridges,
the roadbed is supported by suspenders or, in other words, vertical cables attached to the main
load-bearing cables stretched from above along the entire length of the bridge, and in cable-stayed
bridges, the roadbed is supported by cable stays attached directly to the pylons.

In suspension bridges (Fig. 14), the stiffening girder is supported by a curvilinear thread (cable
or chain), stretched through the tops of the pylons, the ends of which are fixed at the ends in the
shore anchor supports of the bridge, and vertical suspenders [8—10].

Yenans
/ (Forces)
3 ' Nk
E 3 /
1 2
..H_a/ i L N
|
Hixs ¢
1/ S
241
. d \
6 6' 5 4

Fig. 14. Suspension bridge: 7 - vertical suspender; 2 - main suspension cable; 3 - anchor cable: 4 - anchorage;
5 - pylon: 6(6'] - stiffening girder (truss); [ - span of the bridge; N, is the force in the anchor cable; H - thrust
Puc. 14. Bucauuii MmocT: 1 - noaBecka; 2 — HATb; 3 — OTTSXKKA: 4 — aHKepHas onopa; 5 — nuioH;

6(6'] - banka [bepma) xecTkocTu; [ - nponeT MocTa; N, - ycunue B oTTskKe (kabene); H - pacnop
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In cable-stayed bridges (Fig. 15), the stiffening girder is supported by inclined rectilinear cables
fixed on pylons [8, 9, 14—17, 19]. These cables are called “cable stays”. They are fixed on the py-
lons in several ways (Fig. 16). The system is called radial if the cable stays are fixed at one point
on the top of the pylon (fan system), and if they are fixed on the pylon at several points along its
height and are parallel to each other, then this system of cable stays arrangement is called "harp".

Figures 14 and 15 illustrate the differences between typical suspension and cable-stayed bridges,
respectively. Figures 14 and 17 clearly illustrate the differences between a typical suspension and
a cable-stayed suspension bridge built according to the Gisclard system [6] with a radial-stayed
truss (Fig. 17). The scheme of a bridge with a radial-stay truss, built according to the Gisklard
system, is a prototype of modern cable-stayed bridges. This truss is a distinctive feature of the
projects of the bridge design engineer Albert Gisklard along with the middle cable attachment

node (Fig. 18).
\ % .
A

1

[>1
U

Fig. 15. A typical design scheme of a cable-stayed suspension bridge: T - stiffening girder; 2 - cable stays; 3 - pylon
Puc. 15. TunnyHasa pacyeTHas cxemMa BaHTOBOro MocTa: | — 6anka XecTKocTH; 2 — BaHTbl; 3 — MUIIOH

ala) b(6) c(s)

o s W X X 0 O N 0 0 0 0 0 i 0 0 O

/77

Fig. 16. Schemes of cable-stayed bridges: a - harp system; b - fan system; ¢ - semi-harp system
Puc. 16. CxeMbl BaHTOBbIX MOCTOB: @ — cucTeMa «apda»; 6 — cucTeMa «My4vok»; B — CUCTeMa «Beep»

a
N8

\6

Fig. 17. Scheme of a cable-stayed suspension bridge of the Gisclard system: 7 - cable stay; 2 - pylon; 3 - anchor cable;
4 - vertical suspender; 5 - stiffening girder; 6 - anchorage; 7 - support; 8 - the supporting part of the stiffening girder
Puc. 17. Cxema BaHTOBOro BMCsiYero MocTta cucteMbl Kucknsipa: 1 — BaHTa; 2 - NU0H; 3 — OTTAXKA; 4 — NOABeCKa;

5 - banka xecTKocTH; 6 — aHKepHoe YyCTPOWCTBO; 7 — ornopa; 8 — onopHas YacTb Banku XecTkocTn
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The load distributions in suspension and cable-stayed bridges are somewhat different from
each other. The load [17] distribution scheme for both types of bridges is shown in Figure 19.

W'/
|
= 77 N , >
 f Y 41! L
St YAV ; Ny A 84 ; 1
J / r\=-'-7 '-_l___.-'_.’_-.t-

Fig. 18. Characteristic central node for the Gisclard system, element of the cable-stayed suspension bridge “Pont
suspendu de Bourret” in France
Puc. 18. XapakTepHblii LeHTpanbHbI y3en ans cuctembl XKucknspa, afneMeHT BaHTOBOro Bucsyero mocta «Pont
suspendu de Bourret» Bo ®paHuum

Harpyska PacupeaejieHHe HATPY3KH
(Load) .l, (Load distribution) =)
BHcsaYHE MocCT BaHToOBBI MOCT
Suspension bridge Cable-stayed bridge
Tpoc (Cable) Iuaon (Pylon)

Inaom Ioasecka Tpoc
(Pylon) (Vertical (Cable)

) 17 \sus nder) , .

Fig. 19. Scheme of load distribution in suspension and cable-stayed bridges
Puc. 19. Cxema pacnpepeneHunst Harpy3ku B BUCAYMX 1 BAHTOBbIX MOCTax
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Measures to increase the rigidity of multi-span suspension and cable-stayed
bridges

The following technique is designed to increase the rigidity of cable-stayed and suspension
bridges by connecting the tops of the pylons with the help of an additional element in the form
of a tightening of the so-called stiffening cable (Fig. 20-21). In addition, the use of a stiffening
cable in the structures of the bridge superstructures reduces the consumption of material for the
anchor supports of the bridges.

Features of the stiffening cable:

The cable must be able to resist large displacements; The cable needs to withstand the thrust
caused by a temporary load; Temperature effects create additional stresses in the entire structure
and in the cable and adversely affect its operation; When loading only one span, the cable works

Kabeas :xecTKoCcTH
(Stiffening cable)

/

Fig. 20. Scheme of a cable-stayed suspension bridge of the Gisclard system, improved by the addition of stiffening
cables by his colleague Gaston Leinekugel Le Cocq
Puc. 20. Cxema BaHTOBOrO BMcAYero MocTa cucTeMbl XKucknapa, ynyyleHHas fobasneHneM kabenew xecTkocTu ero
konneron lactoHoM JleitHekyrenb Jle Kokom

HQIIO,E(BK}RHOG 3aKpenieHHe
Ka0e s :KeCTKOCTH Ha NHJI0He

Ka_ﬁem: A i (Fixed fastening of the stiffening
(Stiffening cable) cable on the pylon)

Cxatue
(Compression)

(Tension) \ Pacrszxenne

Fig. 21. Scheme of stiffening cable on suspension bridge pylons
Puc. 21. Cxema kabens xecTkocTv Ha MUI0HaX BUCAYero MocTa
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Fig. 22. Historic cable-stayed suspension bridge of Deir ez-Zor, Syria. The arrows show the stiffening cables
Puc. 22. Victopunyeckunii BaHTOBbIN BUCAUYMA MOCT ropofa [leip-33-3opa, Cupus.
CTpenkamu nokasaHbl kabenu xecTkocTu

most efficiently. To increase rigidity, reduce cable sagging, and eliminate temperature deformations,
that is, to increase the efficiency of its operation, immediately upon installation, it is pre-stretched
by the amount of thrust arising from the temporary load. It should be noted that the cable in a loaded
span works as a spacer, and in unloaded spans, it maintains its same tension without deforming.
In a rectilinear cable, elastic deformations occur, which means that the deflections of the loaded
span and the displacements of the pylon tops are small.

In the cable-stayed suspension bridge of the city of Deir ez-Zor, which was built according
to the above-mentioned Gisklard system, its designer applied measures to increase rigidity, namely,
stiffening cables were added (Fig. 22).

Influence lines in a radial cable-stayed truss of the Gisclard system

In the truss shown in Figure 23, each of the nodes, 1, 2, 3, 5, 6, 7, except for the middle node,
that is, the “O” node is suspended only from the nearest pylon and is suspended from the adjacent
truss node from the side of the second pylon. In the scheme under consideration, the influence
lines are illustrated in Figure 23. Each cable stay is subject only to tensile forces, the condition
for the cable stays to work in tension should be so that the top cable truss chords of one half-span
(half-span are both sides of the “O” node) are located on a straight line with by the upper radial
cable stay of the other half-span (Gisklard system). The disadvantage of this scheme is the high
position of the “O” node, the large length of the vertical suspenders and high pylons.

To restore or strengthen the bridge (Fig. 24), it is necessary to make some calculations. For
example, to calculate the stiffening girder [3, 4], cable stays, anchor cables, pylons [6, 10]. As an ex-
ample, the algorithms for calculating the cable stays and their cross-sectional area are given below.

When calculating the bridge, we use the following known values (Fig. 24): L — the size of the
main span; d — panel, that is, the distance between the points of attachment of the cable stays
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PAOUAIBbHBIE BAHTbI (Radial cables)

| | // ’ ‘ \\ (Influence line S 40)

: +J1.611. S Ao
MOACHBIE BAHTbHI / M
(Cable truss chords) NnoABECKHU
(Vertical suspenders)

Fig. 23. Influence lines in a radial cable-stayed bridge truss of the Gisklard system
Puc. 23. JIHnn BANSHUA B paananbHo-BaHToBON depMe MocTa cucteMbl XKucknspa

OnopHast BaHTA
(oTTA:RKA)

(Anchor cable)

hn

Fig. 24. Scheme for the calculation of the elements of a cable-stayed bridge
Puc. 24. CxeMa Kk pacyeTy an1eMeHTOB BAHTOBOI0 MOCTa

on the stiffening girder; X — the distance from the pylon to the point of attachment of the cable
stay on the stiffening girder; 2 — the height of the pylon; B_— the width of the pylon; p, g — the
intensity of the permanent and temporary load, respectively; a, — the angle No. 1 of inclination
of the anchor cable (anchor cable stay) to the horizon; N, — the force No. 1 in the anchor cable
stay No. 1 (anchor cable No. 1); a,— the angle No. 4 of inclination of the cable stay to the horizon;
N, — the force No. 4 in the cable stay No. 4; N — the force in the pylon.
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Cable stays calculations

To determine the main forces N, in the cable stays, it is advisable to use the methodology
proposed by professor V.K. Kachurin [6]:
* the longitudinal force in all the cable stays, except for the anchor cables, is equal to:

_15 (p+q)-L-(1-106-4)

Ng; 1
Bt n-sina; M
Or in general
(p+q)L-dy)
Npj = ———— 2
sina;

Xi
Where: A = 'L — the distance from the pylon (to which the cable stay is attached) to the point
of'its attachment on the stiffening girder, expressed in fractions of the main span (Fig. 24).

n — the number of cable stays in the main span.

* the longitudinal force in the anchor cable (anchor cable stay), is equal to:

YNpg; - cosa;

N,, = (3)

COS0Oy,

It should be noted that the cross section for the longest cable stays is assigned greater than for
the rest of the cable stays by at least 30 to 50 %.

Cross-sectional area of the cable stay (cable)
According to the strength condition, can be obtained from the following expression:

4y =

k= 05-R,. 4)

Where: R, — is the temporary tear resistance of the cable (brittle fracture), accepted for facto-
ry-made cables in the range of 1200—-1800 MPa (1000-2400 MPa).

Protection of the cable-stayed suspension bridge in Deir ez-Zor from wind
and seismic vibration

Since the territory of Syria is seismically hazardous with many earthquakes of varying intensity
and frequency composition [1, 2, 14, 18], which have occurred over the centuries, after the resto-
ration of the cable-stayed suspension bridge of Deir ez-Zor, measures should be taken to protect
it from wind [7] and seismic vibration [5, 20] to ensure the safety of the bridge. Vibration reduc-
tion in cable-stayed suspension bridges can be achieved with tuned mass dampers, abbreviated
(TMD), or with tuned mass magnetorheological dampers, abbreviated (TMD-MR DAMPER).
Such damping systems have been studied by scholars W.J. Wu and S.C.S. Cai. The basic concept
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of cable vibration control with the TMD-MR damping system is shown in Figure 25, where the cable
mass and the mass of the TMD-MR system are denoted m, and m, respectively. The MR damper
provides adjustable damping and stiffness.

A sketch of the proposed TMD-MR system that can be used for cable-stayed suspension bridges,
including the cable-stayed suspension bridge of the city of Deir ez-Zor in Syria, is shown in Fig-
ure 26. It should be noted that when MR dampers are not used or removed, the TMD-MR damper
system, actually turns into a conventional vibration damper, i.e. TMD without a damping element.
Although the TMD usually has a damping element, the TMD component is hereinafter deliberately
referred to as the case without a damping element to distinguish it from the TMD-MR damper,
which consists of tuned mass dampers (TMD) and magnetorheological dampers (MR) components.

This TMD-MR damping system is designed to be installed on a cable, and the concept of vi-
bration suppression is shown in Figure 26. Cable vibrations are caused by excitations from the

Fsin(wt)
K, | ) K,
\/\/__ rn1 _/\/\/_- mz
- MR : D O
b j_’ /

o

Fig. 25. Cable-TMD-MR system
Puc. 25. Cuctema kabenb-gemndepsl TMD-MR

Cut to clip on cable

MR fluids that

Mass of TMD

Fig. 26. Sketch of a TMD-MR damper system
Puc. 26. 3ckns gemndepHoit cnctembl TMD-MR
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Fig. 27. Scheme of cable vibration control strategy
Puc. 27. Cxema cTpaterun koHTpons Bubpauun kabens

interaction of the pylon, bridge deck, wind-rain-cable, or their combinations. Characteristics of cable
vibrations can be obtained in the spectral diagram, which is processed according to accelerometer
data (Fig. 26). Multiple peaks in the spectral diagram are assumed and should be expected, since
cable vibration excitations can be single frequency, multi frequency, or random. The frequency
of the TMD-MR system will be tuned to the frequency corresponding to the most significant res-
onant vibration i.e. highest peak (Fig. 27) or other target frequency along with adjustment of its
location and damping ratio to dampen vibration as effectively as possible.

Conclusions

The cable-stayed suspension bridge of the city of Deir ez-Zor, which is an architectural monu-
ment and part of the history of Syria, deserves a better fate, so every effort must be made to restore
it and subsequently strengthen this unique object with seismic. For this, some calculations were
given as an example that can be used to restore the bridge deck, cable-stays, pylons, pylon piers
or abutments.

To protect the cable-stays from vibration, it is necessary to take into account their vibrations
caused by excitations from the interaction of the pylon, bridge deck, wind-rain-cable or their com-
binations. The cable-stays are susceptible to external disturbances due to their own low damping.
Due to the peculiarities of their location, the effectiveness of vibration reduction by mechanical
dampers cannot be fully exploited, therefore, it is proposed to use magnetorheological (MR) liquid
dampers with tuned or adjustable mass (TMD), which combine the convenience of installing TMD
and the adjustability of MR dampers. Such an MR-TMD damper can be mounted anywhere on the
cable. Scholars in different parts of the world, such as W.J. Wu, S.C.S. Cai, G.E. Valdebenito,
A.C. Aparicio and others have experimentally demonstrated the good effect of such a damper
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to reduce or suppress cable vibration during periodic excitation. The effectiveness of vibration
reduction is affected by the ratio between the excitation frequency, the frequency of the cable
and the frequency of the damper, taking into account this, the damper frequency is adjusted. This
combination of dampers can also be used in power transmission lines.

Since it is important to preserve the original appearance and authenticity of the cable-stayed
suspension bridge in the city of Deir ez-Zor in Syria, the use of the TMD-MR damper system
is the most suitable to reduce vibration, of course, during or after the restoration of the bridge.

References

1. Aldrebi Z.A. Seismic hazard of the territory of Syria. Seismostoikoe stroitel'stvo. Bezopasnost' sooruzhenii =
Earthquake Engineering. Constructions Safety. 2019;(6):43-48 (in Russian).

2. Ambraseys N.N., Jackson J.A. Faulting associated with historical and recent earthquakes in the Eastern Mediterranean.
Geophysical Journal International. 1998;133(2):390-406. https://doi.org/10.1046/j.1365-246x.1998.00508.x

3. Bakhtin S.A. Determination of extreme values of internal forces in an arbitrary section of the stiffening
girder of suspension bridges. In: Research in the work of artificial structures. Novosibirsk: Siberian Transport
University; 1982, p. 36-42 (in Russian).

4. BelenyaE.l., Streletsky N.N., Vedenikov G.S., Klepikov L.V., Morachevskii T.N. Metal structures. Special Course.
Moscow: Transport Publ.; 1982 (in Russian).

5. Ettouney M., Hapij A., Gajer R. Frequency - Domain Analysis of Long - Span Bridges Subjected to Non-
uniform Seismic Motions. Journal of Bridge Engineeringto 2001;6(6):577-586. https://doi.org/10.1061/
(asce)1084-0702(2001)6:6(577)

6. Kachurin V.K., Bragin A.V., Erunov B.G. Design of suspension and cable-stayed bridges. Moscow: Transport
Publ.; 1971. (in Russian).

7. Kazakevich M.I. Bridge aerodynamics. Moscow: Transport Publ.; 1987 (in Russian).

8. Kirsanov N.M. Calculation of suspension combined systems along the lines of influence, taking into account
deflections. Voronezh: Publishing House of Voronezh University; 1976 (in Russian).

9. Kirsanov N.M. Suspension and cable-stayed structures. Moscow: Stroyizdat Publ.; 1981 (in Russian).

10. Kushnerev A.M. Design and calculation of suspension and cable-stayed bridges. Novosibirsk; 1969
(in Russian).

11. Leinekugel Le Cocq Didier. Ingénieur des ponts. L'histoire de l'entreprise Arnodin - Leinekugel Le Cocq
de 1872 a 2002. Paris: La Vie du Rail; 2010 (in French).

12. Marrey B. Les ponts modernes 18e-19e siecle. Paris: Picard Editeur; 1990 (in French).

13. Marrey B. Les ponts modernes 20 siecle. Paris: Picard Editeur; 2000 (in French).

14. Omar H.M., Tatevosyan R.E., Rebetskiy Yu.L. The mechanisms of earthquakes and the stress state of
the earth’s crust in Syria. Vestnik KRAUNTs. Nauki o Zemle = Bulletin of Kamchatka Regional Association
«Educational-Scientific Center». Earth Sciences. 2012;(20):139-148 (in Russian).

15. Perelmuter A.V. Fundamentals of calculation of cable-stayed systems. Moscow: Stroyizdat Publ.; 1969
(in Russian).

16. Petropavlovsky A.A., Kryltsov E.I., Bogdanov N.N., losilevskii L.I., Streletskii N.N., Potapkin A.A., Fridkin V.M.,
Kravtsov M.M. Cable-stayed bridges. Moscow: Transport Publ.; 1985 (in Russian).

17. Safronov V.S. Calculation of suspension and cable-stayed bridges for a moving load. Voronezh: Publishing
House of Voronezh University; 1983 (in Russian).

18. Sbeinati M.R., Darawcheh R., Mouty M. The historical earthquakes of Syria: an analysis of large and
moderate earthquakes from 1365 B.C. to 1900 A.D. Annals of Geophysics. 2005;48(3):347-435. https://doi.
org/10.4401/ag-3206

19. Silnitsky Yu.M. Cable-stayed bridges. Leningrad; 1972 (in Russian).

20. Vader T., Mc Daniel C.C. Influence of Energy Dissipating Systems on the Seismic Response of Cable
Supported Bridges. In: Proceedings of the 13th World Conference on Earthquake Engineering. Vancouver,
Canada; 2004, paper No. 1046.

25



Becthuk HUL «Ctpoutenscteo» o 1(36)2023
Bulletin of Science and Research Center of Construction e 1(36)2023

Cnucok nutepaTypbl

1. Anbapebu 3.A. CelicMmnyeckasi onacHocTb Tepputopumn Cupumm. CeicmocTorkoe cTpouTenbcTBo. CeicMocToKoe
cTponTenbcTeo. BesonacHocTb coopyxennit. 2019;(6):43-48.

2. Ambraseys N.N., Jackson J.A. Faulting associated with historical and recent earthquakes in the Eastern
Mediterranean. Geophysical Journal International. 1998;133(2):390-406. https://doi.org/10.1046/j.1365-
246x.1998.00508.x

3. baxtuH C.A. OnpepeneHune akcTpeManbHbIX 3HAaYEHWU BHYTPEHHUX YCUNIA B MPOU3BOJSIbHOM CeveHnn banku
KEeCTKOCTU BUCAYMX MOCTOB. B: MiccnenoBanus paboTbl nckyccTBEHHbIX coopy>eHuit. HoBocnbupck: Cubupckui
rocynapCTBEHHbIN YHUBEPCUTET NyTen cooblieHuns; 1982, c. 36-42.

4. benens E.WN., Ctpeneukwii H.H., Begennkos I".C., Knenunkos J1.B., Mopayesckuii T.H. MeTannnyeckune KOHCTpyK-
uun. CneumanbHbii Kypc. Mocksa: TpaHcnopT; 1982.

5. Ettouney M., Hapij A., Gajer R. Frequency - Domain Analysis of Long - Span Bridges Subjected to Non-
uniform Seismic Motions. Journal of Bridge Engineeringto 2001;6(6):577-586. https://doi.org/10.1061/
(asce)1084-0702(2001)6:6(577)

6. KauypuH B.K., BparnH A.B., EpyHoB b5.I". [poekTrpoBaHue BUCAYMX M BAHTOBLIX MOCTOB. MockBa: TpaHcnopT; 1971.
7. KasakeBuy M.U. AspognHamumka mocToB. Mocksa: TpaHcnopT; 1987.

8. KupcaHos H.M. PacueT BUCAYMX KOMOUHUPOBAHHBIX CUCTEM MO JIMHUSAM BAUAHWSA C y4eToM npornbos.
Boporex: M3n-Bo BopoHex. yH-Ta; 1976.

9. KupcaHos H.M. Bucsauune n BaHToBble KOHCTpyKUuKU. Mocksa: Ctponunagat; 1981.

10. KywHepes A.M. [poekTupoBaHue 1 pacyeT BUCAYMUX U BaHTOBbIX MocToB. HoBocubupck; 1969.

11. Leinekugel Le Cocq Didier. Ingénieur des ponts. L'histoire de l'entreprise Arnodin - Leinekugel Le Cocq
de 1872 a 2002. Paris: La Vie du Rail; 2010.

12. Marrey B. Les ponts modernes 18e-19e siecle. Paris: Picard Editeur; 1990.

13. Marrey B. Les ponts modernes 20 siecle. Paris: Picard Editeur; 2000.

14. Omap X.M., TateBocsiH P.3., Pebeukuii 0.J. MexaHn3Mbl 3eMNETPACEHUI 1 HaNpsi>KEHHOEe COCTOSHME 3eMHOM
Kopbl B Cupun. BecTHuk KpayHu. Hayku o 3emne. 2012;(20):139-148.

15. [lepenbmytep A.B. OcHOBbI pacyeTa BaHTOBO-CTepXHeBbIX cucTeM. MockBa: Ctponmapart; 1969.

16. [letponasnosckuii A.A., Kpbinbyos E.N., bornaHos H.H., Mocunesckuii J1.W., Ctpeneukuii H.H., [ToTankuH A.A.,
@®puakun B.M., Kpasuos M.M. BanToBble MocTbl. MockBa: TpaHcnopT; 1985.

17. CagpoHos B.C. PacueT BUCAUMX U BAHTOBbIX MOCTOB Ha NOABUXHY Harpy3ky. BopoHex: 13n-8o BopoHex.
yH-Ta; 1983.

18. Sbeinati M.R., Darawcheh R., Mouty M. The historical earthquakes of Syria: an analysis of large and
moderate earthquakes from 1365 B.C. to 1900 A.D. Annals of Geophysics. 2005;48(3):347-435. https://doi.
org/10.4401/ag-3206

19. CunbHuukuii f0.M. BaHToBble MocTbl. JleHnHrpag; 1972.

20. Vader T., Mc Daniel C.C. Influence of Energy Dissipating Systems on the Seismic Response of Cable
Supported Bridges. In: Proceedings of the 13th World Conference on Earthquake Engineering. Vancouver,
Canada; 2004, paper No. 1046.

Information about author / UndopMauus o6 aBTope

Ziad A. Aldrebi, Ph.D. in civil engineering, Researcher, Lecturer-researcher, Civil engineer, Emperor Alex-
ander | St. Petersburg State Transport University, Saint Petersburg

e-mail: ziald67@gmail.com

tel.: +7 (911) 836-36-27

3unap Axmap Anbapebu, kaHp. TexH. HayK, UCCNefoBaTelb, NpenofaBaTe/b-UcCiefoBaTeslb, UHKeHep-CTPOUTENb,
®rB0Y BO «[MeTepbyprckuii rocynapcTBeHHbI yHUBEpPCUTET NyTeit cooblueHnsa MiMnepaTtopa AnekcaHgpa |»,
CaHxkT-leTepbypr

e-mail: ziald67@gmail.com

Ten.: +7 (911) 836-36-27

26



