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AHHOTALUMUA

BBeaeHue. B HacTosiLee BpeMsi KOHCTPYKLMM N3 COBPEMEHHBIX antOMUHUEBbLIX CMIaBOB HAXOAST Bce Gonbluee npuMeHe-
HWe NpaKTU4YecKkn Bo Bcex cdrepax NPOMBbILLIIEHHOMO U CTPOUTENBHOTO NMPOU3BOACTBA, YTO SBMSETCS CNEeACTBUEM YHMKalb-
HbIX (OU3VKO-MEXAHNYECKVX CBOMCTB altoMUHMEBBIX CM1aBOB, MO3BOMNSAIOLLMX CO34aBaTh IPdPEKTUBHbIE NO BECOBbLIM, MPOY-
HOCTHBIM W 3CTETUYECKMM NapamMeTpam KOHCTPYKLMM pa3HOOBpa3HOro HazHaveHus, obnagatoLume npu 3ToM NoBbILLEHHON
KOPPO3MOHHOW CTOWKOCTbIO MO CPaBHEHWIO CO CTaslbHbIMU KOHCTPYKUMAMU. CoveTaHue nodobHbIX yHUKanbHbIX CBOWCTB
anMUHUEBbIX CMNaBOB OKa3anock BOCTPEOOBaHHLIM BO MHOMVX 06MacTsX CTPOUTENLCTBA M, B YaCTHOCTW, B MOCTOCTpOe-
HUW, U3HaYanNbLHO MPU CTPOUTENLCTBE NELUEXOAHBIX MOCTOB, @ B NocrneaHee BPemsi 1 Npu Bo3BeAeHUM aBTOAOPOXKHbBIX MO-
CTOB. Hanuuve B MMPOBOW M OTEHECTBEHHOW CTPOUTENBHOW NPaKTUKE MHOTOUYMCIIEHHbBIX MPUMEPOB YK€ MOCTPOEHHbIX U JKC-
nnyaTMpyeMblx MOCTOB [0Ka3ano MX O4eBUAHble MpPenMMyLLecTBa B MraHe TEXHONMOrMYHOCTM U CKOPOCTW CTPOMTENbCTBA
1 NPaKTUYECKOro OTCYTCTBUS NPOGNeM B XoAe IKCnyaTaLumm, YTo MOCy>KMIOo CTUMYOM A5 PacLLUMPSIIOLLLErocst NpuMeHe-
HWSI aniOMUHVEBBIX CNNABOB 4151 CTPOUTENbCTBA aBTOA0POXKHbBIX MOCTOB.

Matepuansl u MeToabl. [laHHas TeHaeHUmMst He oboluna ctopoHoi Poccuto, 1 k aekabpto 2023 1. no nHuumaTtnee AntoMUHK-
esoii Accoumaumu n OK PYCAI, rocynapctBeHHoMy 3aka3y lNpaBuTenbcTBa Hukeropoackoi obnactu 6bin cnpoekTnpoBaH,
NOCTPOEH 1 BBEAEH B 3KCMyaTauuto nepsbit B PO aBTogopoxHbIM MOCT Yepes p. JlnHaa. MocT ABYXNONOCHbIN, 4-nNponeT-
HbIW, ANVHOM 72 M, Ha ene3obeTOHHbIX ornopax, MPONeTHOEe CTPOEHNE LIENKOM BbIMOMHEHO U3 antoMUHMEBBIX CMNaBOoB.
Pesynbratbl. CTpouTenbCcTBy npelectsoBan AnutenbHbin (¢ 2016 r.) atan Hay4yHO-UCCneaoBaTeNbCKUX W OMbITHO-
KOHCTPYKTOPCKMX paboT, peaynbTraTbl KOTOPOro NOCYXXUM OCHOBOW ONMTMMAanbHOro Bbibopa Mapok antoMUHUEBbIX CMIaBoB,
TEXHONOornm NPon3BoACTBa U METOAO0B NPOEKTUPOBaHNSA aToro Mocta. HNY MICY aBnsieTcst BegyLuen opraHnsaumnen, Koto-
pasi Npy y4acTum psga Apyrx opraHn3aumin ycneLwwHo npoeena AaHHbIA aTan.

BbiBoAbl. ABTOLOPOXHbIN MOCT M3 antoMUHUEBBIX CrnaBoB Yepes3 p. JlnHaa B Hupkeropoackoi obnactv BBEAEH B 3KC-
nnyatauuto B Aekabpe 2023 r. Ha mocTy 6yaeT ycTaHoBNeHa aBToMaTU3nMpoBaHHas cMcTeMa MOHUTOPUWHTA, NMO3BOrsoLLast
OCYLLECTBMATb AUCTAHLMOHHbIN KOHTPOMb TEXHUYECKOTrO COCTOSIHWSA MOCTa B HENPEPLIBHOM pPeXuMe.
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ABSTRACT

Introduction. Nowadays, structures made of modern aluminium alloys are increasingly used in almost all areas of industrial and
construction production, which is a consequence of the unique physical and mechanical properties of aluminium alloys, which
make it possible to create structures of various purposes that are effective in weight, strength and aesthetic parameters, while hav-
ing increased corrosion resistance compared with steel structures. Combinations of such unique properties of aluminium alloys
have proved to be extremely in demand in many areas of construction and, in particular, in bridge construction, initially in the con-
struction of a wide variety of pedestrian bridges, and more recently, more often in the construction of road bridges. The presence
of numerous examples of already built and operated bridges in the world and domestic construction practice proved their obvious
advantages in terms of manufacturability and speed of construction and the practical absence of problems during operation, which
served as an incentive for the increasingly expanding use of aluminium alloys for the construction of road bridges.

Materials and methods. This trend did not bypass Russia, and by December 2023, on the initiative of the Aluminum Asso-
ciation and UC RUSAL, the state order of the Government of the Nizhny Novgorod Region, the first road bridge in the Rus-
sian Federation across the river was designed, built and put into operation. Linda. The bridge is two-lane, 4-span, 72 m long,
on reinforced concrete supports, the superstructure is entirely made of aluminium alloys.

Results. This construction was preceded by a long (since 2016) stage of research and development (R&D), the results
of which served as the basis for the optimal choice of aluminium alloy grades, production technologies and design methods
for this bridge. NRU MGSU is a leading organisation, which, with the participation of a number of other organisations, suc-
cessfully carried out this stage.

Conclusions. The aluminium alloy road bridge over the Linda River in the Nizhny Novgorod Region was commissioned in
December 2023. An automated monitoring system will be installed on the bridge, allowing remote monitoring of the technical
condition of the bridge in continuous mode.

KEYWORDS: road bridge, aluminium alloy, friction welding with mixing, stretching, shear, stress, strength, fracture, finite
element method
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BBEJEHUE

B HacTosmee BpeMsi B 9JKOHOMUKE MHOTUX CTpaH
Mupa, BKIodas Poccuto, B CBA3M ¢ pOCTOM KOJIMYECTBA
ABTOTPAHCIIOPTA, €r0 IPy30MOIBEMHOCTH M MHTCHCHB-
HOCTH HCITOJIb30BaHMs HAOIIONAETCS YCTOUNBAsT TEH-
JICHIIUST pocTa 00BEMOB JIOPOKHOTO CTPOUTENHCTBA
U PEKOHCTPYKINHU CYIIECTBYIOMIEH TOPOKHON MH]pa-
CTPYKTYpBI, B TOM YHUCJE MOCTOB M IyTEHNPOBOJOB.
B nessix s5KoHOMHUYECKOH 11eJ1eCO00pa3HOCTH U CPOKOB
COKpAIICHHS CTPOUTENIBCTBA HAPALY C UCTIOIb30BAHU-
€M TPaJUIMOHHBIX PEIICHUH MOCTOBBIX COOPYKCHHH
U3 CTaJIM ¥ KeJIe300€TOHa MEeT MECTO PACIIMPSIOIIe-
€C NIPUMCHCHHUE HOBLIX JIsI MOCTOCTPOCHUSA MaTCpu-
aJIoB, TAKMX KaK aJFOMHHMEBBIC CIUIABBI U MOJIUMEp-
Hble Marepuainsr' [1].

MocToBbIE COOPYKEHHUS U3 COBPEMEHHBIX aTIOMHU-
HUEBBIX CIUIABOB HAXOST BCE OOJblee MPUMEHEHHE
IIPU CTPOUTENICTBE U PEKOHCTPYKLUU JOPOKHOU MH-
(hpacTpyKTypbl, UTO SBIISIETCS CIIEICTBUEM YHUKAIBHBIX
(U3UKO-MEXaHMUECKUX CBOWCTB aJIIOMHHUEBBIX CILIA-
BOB, ITO3BOJIIONINX CO3/1aBaTh 3(P(EKTUBHEIEC 11O Be-
COBBIM, MPOYHOCTHBIM U 3CTCTUYCCKUM IapaMeTpaM
9JIEMEHTHl MOCTOBBIX KOHCTPYKIMH, 00Jafaroninx
IIpY 3TOM HOBBILIEHHON KOPPO3MOHHOM CTOMKOCTBIO
10 CPABHEHHMIO CO CTAJIbHBIMH KOHCTpyKuusiMu. Coue-
TaHHE MOJJOOHBIX YHUKAIBHBIX CBOMCTB aTIOMHHHEBBIX
CIIJIaBOB OKAa3aJIOCh BOCTPEOOBAHHBIM B MOCTOCTPO-
€HUM U3HAYaJIbHO IIPU CTPOMUTENHCTBE CAMBIX PA3HO-

! TIpuMeHeHHe aIOMHUHUSI B MOCTOCTPOCHUH // AJTFOMUHHE-
Bast Accormanus. 2016. URL: www.aluminas.ru

00pa3HBIX MEMIEXOTHBIX MOCTOB, a B TIOCJIEIHEE BPEMS
1 TIPH BO3BEACHUH aBTOIOPOXKHBIX MOCTOB [2, 3].

Hanuune B MUpPOBOW U OTEUECTBEHHON MpaKTU-
K€ MOCTOCTPOCHHS MHOTOYHMCIICHHBIX PUMEPOB yXKe
MOCTPOCHHBIX U 3KCILTyaTHPYEMBIX MOCTOB JJOKa3ajIo
MX OYEBH/HBIC IPEUMYIIECTBA B IJIAHE TEXHOJIOTHIHO-
CTH, CKOPOCTH CTPOHUTENIECTBA M IPAKTUIECKOTO OTCYT-
CTBHSI TPOOJIEM MPH IKCILTYaTallUH, YTO CIY)KUT CTUMY-
JIOM JUISl PaCIIHMPSIIOLIETOCS NCTIONB30BAHNS aTIOMHHU-
eBBIX CIUIABOB JJISI CTPOUTEIHCTBA aBTOIOPOKHBIX MO-
CTOB.

B kadecTBe Hanbosee H3BECTHBIX IPUMEPOB B MU-
POBOIf MOCTOCTPOUTEIBHON MpAaKTHUKE ClIEeIyeT OT-
METUTb NOCTPOEHHBIN B 1950 . aBTOAOPOXKHBINA MOCT
Arvida Bridge B xanazacko# npoBuniuu Ksebek mpo-
nerom 88,4 M (puc. 1); aBrogopoxkHsbIilt MmocT Forsmo,
noctpoeHHslit B 1995 r. B Hopseruu, nposerom 39 m
(puc. 2); v psig ApYTHX, TIOCTPOEHHBIX B CEBEPHON AMe-
puke, EBporie u Kutae moctos>* [4-9].

MATEPUAJIBI U METO/JbI

CTpouTEeTHCTBO ABTOIOPOKHOTO MOCTA U3 AJTIOMH-
HHEBBIX CIIaBOB 4Yepe3 p. JIunaa B Huskeropoackoi
obJacTu

Lenu, 3a0auu u smanwst npoexma. B 2016 . HUIY
MI'CY mo 3akazy AO «PYCAJI TII» Hauan HayqHO-HUC-

2 AJIIOMUHHEBBIE MOCTHI 3a py6exkom. 2014. URL: www.
aluminium-guide.ru

3 Road and pedestrian bridges in aluminium. Executive Summary,
Report on visits and Sweden, Holland, and the United States //
Aluminium Association of Canada. 2015.
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Puc. 2. Moct Forsmo B Hopseruu, rposier 39 m

CJIE/IOBATEIbCKUE U ONBITHO-KOHCTPYKTOPCKUE paboThI
(HUOKP) o cTpouTenscTBY MOCTOB M3 aTFOMHHUEBBIX
CIUTaBOB, U K Aekabpro 2023 1. Ha OCHOBE Pe3yIBTaTOB
HCCIIEI0OBAHNN 10 MHUIIMATHBE AJTFOMUHHEBOI aCCOLH-
aruu u [IpaButenscTBa Huxeropomackoid o0mactu Obu1
CIPOEKTUPOBAH, TIOCTPOEH U BBEJICH B DKCILTyaTallUI0
nepBblii B PO aBTomopoxHbIM MocT yepes p. Jlunaa.
MoCT — IBYXIOJOCHBIN, 4-TIPOJNIETHBIN, AmHHA 72 M*
(puc. 3, 4).

Hayuno-uccnedosamenvckue usvickanus. CTpo-
UTENbCTBY MOCTa IPEIIECTBOBAN JIUTENbHBIN 3Tam
HHOKP (c 2016 1.), 1empio KOTOPOTO OBIT ONTHMAITh-
HBIH BBIOOP MapoOK aIFOMMHHEBBIX CIIIIABOB, TEXHOJIO-
M IPOU3BOJICTBA U METOIOB MPOEKTHPOBAHHS MOCTOB
n3 amroMuHueBbIX ciutaBoB. HUY MI'CY npu yuactun
psiia OpraHU3alUil YCIEeNIHO OCYIIECTBIII 3Ty padoTy,
B XOJI€ KOTOPOH MPOBEAEHBI Ta0OPAaTOPHBIC W HATYpPHbIC
UCTIBITAHUSI 110 OTIPE/ICNICHUIO IPOYHOCTHBIX, YCTAJIOCT-

4 TlepBsiii B Poccru aBTOIOPOKHBIN MOCT U3 ATFOMUHHEBBIX CILIa-
BOB // BecTHrk AnmromuHEeBo# accormarym. 2024. Ne 1 (79).

8

HBIX ¥ KOPPO3UOHHBIX CBOMCTB, XUMHUYECKOTO COCTaBa,
CBAapUBAEMOCTH M YAAPHOH BA3KOCTH HanOoIIee meperex-
TUBHBIX JIJISI MOCTOCTPOEHUS CI1aBoB’ (puc. 5, 6) [10].

Koneunoii nensro HUOKP sBistnaces pazpaborka
Ha OCHOBAHMHM TMONYYCHHBIX PE3YylbTaTOB HOPMATHB-
HOTO JIoKyMeHTa — CBoJia MpaBuJI 10 MPOEKTUPOBa-
HHUIO MOCTOB M aJIOMUHHEBBIX CIUIaBOB, KOTOPBIA ObLI
pazpadorar HUY MI'CY u yTtBepxaeH MuHcTpoeM
Poccum B 2019 1. B penakimu st MEMEX0JHBIX MOCTOB
non HaumeHoBaHueM CII 443.1325800.2019 «MocTsl
C KOHCTPYKIMSIMU U3 aJIFOMUHUEBBIX CIUTaBoB. [IpaBua
npoektupoBanus» [11].

Pacmipoctpanenne cheps! merictus CI1 443 Ha mpo-
eKTHPOBAHHE aBTOIOPOKHBIX MOCTOB MOTPEOOBAIO MPO-
BezieHust JononantenbHoH (haset HUOKP ¢ pacmmpentoit
MPOrpaMMOH 110 UCCIICIOBAHHIO PAOOTHI KOHCTPYKIMOH-
HBIX 3JIEMEHTOB MOCTOBBIX COOPY’KCHHUH, BBITTOTHECHHBIX
U3 PACCMOTPEHHBIX MapOK ATFOMUHUEBBIX CILIABOB.

5 CIT 443.1325800.2019. MocTbI ¢ KOHCTPYKIHSIMH H3 a0~
MHHHEBBIX CIIaBoB. [IpaBuiia MPOEKTHPOBAHHUS.
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Puc. 3. Bux Ha MOCT CO CTOPOHBI 000YHHBI IBYXITOJIOCHOTO MIOCCE

Puc. 4. Bux Ha MocT cO0Ky, Ha 3aJIHEM IJIAHE BUJICH CTAPbIi OJHOMOIOCHBIN CTATBHOW MOCT

Jluarpamma «HarpsbKeHUe/Harpy3ka — aehopMartisi»
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Puc. 5. Bun u pe3yabTarsl CTaTHYECKUX HCIBITAaHUH 00pa3noB crurasa 1915T
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Puc. 6. Bun 1 pe3yasTaThl yCTaIOCTHBIX UCTIBITAHUH allfOMUHKEBOTO cruiaBa 1915T

OTBETCTBEHHBIM MEPUOAOM PACIIUPEHHOMN MPOT-
pammsbl padot it HUY MI'CY cramu BriepBbie npo-
BeneHHBIe B Poccun pa3paboTka, MPOEKTHPOBAHUE
(puc. 7) u ocaeayIomue CTaTHYECKUE U YCTAJIOCTHBIE
HCTIBITAaHUS OPTOTPOIMHBIX IUIUT U3 crtaBa EN AW-6082
T6, nzroroBieHHBIX npeanpusatTusmMu 3A0 «Cecrens
1 000 «KpaM3» ¢ ucnosib30BaHuEM MTHHOBAIIMOHHBIX
TEXHOJIOTHH SKCTPYAUPOBAHMS KOHCTPYKTUBHBIX 3JIe-

Brok 1
284

MCHTOB M3 aJIIOMUHHUEBBIX CIIJIABOB U CBAPKU TPCHUEM
¢ mepemenmBannem (CTIT)® (puc. 8, 9) [12-20].
IMapTtus cnpoextuposanusix HUY MI'CY ¢ no-
MOILBIO JIETAJIBHOTO METOAA KOHEYHBIX DJIEMEHTOB
(MKD) moaenupoBaHuUsi OPTOTPOITHBIX TUIUT pa3pado-

¢ Patton G. Aluminum Orthotropic Desk Research Report //
Archive Florida Departement of Transportation. 2017. 52 p.
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Puc. 7. Cxema 3KCTpyAUPOBAHHBIX JJIEMEHTOB M CBAPEHHOW OPTOTPOIHOM TUTUTHI

Puc. 8. DxcTpyaupoBaHHEI KOHCTPYKIIHOHHBINA 3JIEMEHT OPTOTPOITHOM TUTUTHI

10



Puc. 9. CBapKa Ha CTCHJAC METOAOM TPCHUS C IIEPEMEIIUBAHUEM OpTOTpOHHOﬁ TIJIATBI

TaHHOM KOHCTPYKUHWHU MOJIBEPIIIaCh PA3HOCTOPOHHUM
CTATHYCCKUAM U YCTAJIIOCTHBIM UCIBITAHUSIM C Pa3lIny-
HBIMH THITAMH JIOPOXKHOTO MOKpBITHS (pHc. 10).
OteetctBenHO# YacThio HUOKP Obuto mposene-
HUC WCITBITAHUI Ha BEIHOCIIMBOCTh KapKaca peaibHOTO
MEeIeX0JHOro MocTa nposieToM 10 M, BBINOJHEHHO-
ro u3 cmaea 1915T Ha ucneirarensHom crenae HUY

|

STRTTABTTA

g

MI'CY (puc. 11). Llens ucnpiTanuii — onpeneincHue
YCTaJIOCTHOTO pecypca (Yucia HUKIOB HarpyKeHus
70 00pa3oBaHUsl YCTaJOCTHBIX TPEIIHWH) U CPaBHE-
HUE NOJTY4YEHHBIX 3HAYEHUN C Pe3yNbTaTaMU PacueToB
B COOTBETCTBHHU C METOAMKOH, pa3paborannoii HNUY
MI'CY u BxiroueHHoil B coctas CIT443.1325800.2019.
[TomyueHnHble pe3yabTaThl pacueToB IOKa3aIl XOpollee

Puc. 10. CnapeHHbIe OPTOTPOITHBIE IUTHTHI ¢ ac()aabTOOCTOHHBIM TTOKPBHITHEM Ha HCIBITATEIFHOM CTEHE JUTS TIPOBEICHHUS

CTaTUYECKUX U YCTAJTOCTHBIX HCIBITAaHUH

11
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Puc. 11. McnbiTanus Ha BBIHOCIMBOCTB HECYIIETO KapKaca MEelIexX0JHOT0 MOcTa Ha ucnbitarenibHoM ctenae HUY MI'CY

COOTBETCTBHUE C PE3yJIbTaTaMH HATYPHBIX HCHBITAHUN
[14].

IIpoBenennas nononuurensHas nporpamma HUOKP
MOCJYyXHUJla OCHOBOM JIJis paclIMpEeHUs] AEHCTBUSA
CII 443.1325800.2019 Ha mpoeKTHPOBAHUE aBTOAOPOK-
HBIX MOCTOB U3 aJIOMHHUEBBIX CIUIABOB, COOTBETCTBY-
romas penakius CBoma mpaBui noarorosieHa HUY
MI'CY mns yrBepxnenns B Murctpoe PO, kotopoe oxu-
JIacT 3aBEPUICHMUS OTBITHOTO dTara KCILTyaTally 110-
cTpoeHHOro yepes p. Jlunna mocra B 2025 .

Ilpoexmuposanue. e HIPOESKTUPOBUIUK MPOECK-
ta Mocta — OOO «PenoBa-Ctpoii», IPOSKTHPOBIINK

77.592

nposetHoro crpoenus — OO0 «I11-2» npu akTHBHOM
conposoxaernn HY MI'CY, npenocTaBuBIIero pe-
synsratel HUOKP B neramsaOM 00BeMe. [l peanu3a-
IIH TIPOEKTa ObUTH pa3paboTaHbl CIIeHATbHBIE TEXHU-
yeckue ycnosus (CTY), yrBepxkaennsie MuHcTpoem
Poccuu.

OcHOBHast 0COOCHHOCTH aBTOJJOPOKHBIX MOCTOB,
HCIBITHIBAIOIINX B TEUCHHE CPOKa HKCILTyaTalluu
(He menee 50 jeT) BO3IEWCTBHE MHOTOMUJUTHOHHBIX
LUKJIOB Harpy>Ke€HUs OT aBTOTPAHCIOPTa, SBISETCSA
IJIaBHOM NPUYMHOW JJI pacueTra Ha BBIHOCIUBOCTD.
HWNY MI'CY paspaborain nporpaMMHOe obecIieueHne
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Puc. 12. O0mwuii BUJ MPOOIBHOTO CEYSHUSI MOCTa
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Puc. 14. [IpononsHble Hecymme OANKH KOPOOUATOTO CEUECHUS

JUTS PacYeTOB HA BBIHOCIUBOCTH, KOTOPOE HCIOIH30Ba-
JIOCh IPOCKTUPOBIIMKAMH JIJISI PACYCTOB MPOCKTUPYE-
MOTO MOCTa Ha BBIHOCIHMBOCTS [ 15—18].

KitroueBbie mapaMeTphl IPOEKTa MOCTa MPEACTaB-
JIeHs! Ha puc. 12, 13.

[IponeTHOE CTpOCHUE — YETHIPEXIIPOICTHOE HE-
paspesHoe o cxeme (2 x 18) + (2 x 18). B monepeunom
CEUCHHH pacronaraercs 7 IIIaBHBIX 0AJIOK KOpoOIaToro
CCUCHMS M3 aJTIOMUHHEBOTrO cruiaBa 15654M ¢ miarom
2 M, 0OBEIMHEHHBIX MEXTy c000il monepeyHpIMH Oa-
KaMH U CUCTEMOM JHaroHajdbHBIX (BETPOBBIX) CBSI3EH
B YPOBHE BEPXHET0 M HIDKHETO MosIcoB (puc. 14).

Hecymumu KOHCTPYKTUBHBIME 3JIEMEHTAMH J0-
POXHOTO TIOJIOTHA ABJISIOTCS MOMEPEYHO PACTIONOKEH-
HbI€ OPTOTPOIHBIE IIUTHL pa3Mepamu 6,44 x 2,55 m
B KoJnyecTBe 7 X 2 X 4 = 56 IIT., BEINOJHEHHBIE

n3 amoMuHEeBoro citaBa EN AW-6082 T6. MocTtoBoe
MTOJIOTHO — JIBA CIIOS TUTOTO ac(aiapro0eToHa 00mIei
TOJIIIMHOM 8 CM 110 CJI0K0 MOJIUMEPHOHN TUAPOU30IISALINY.

PE3VJIIbTATHBI

Ilpouszsoocmeo. KoHCTpyKIIMM MOCTa M3TOTaB-
muBaiuchk Ha 3aBone 3A0 «Cecmenp» B I Yebokca-
pbl. CoeMHEHNE JTUCTOBOTO MPOKATa UCIIONIb3YEMbIX
AIIFOMUHHEBBIX CIUIABOB B KOHCTPYKTHUBHBIC SJIEMEHTHI
MIPOM3BOAMIOCE MeTOOM aBToMatu3npoBanHoit CTII,
JTAIOIIEH BHICOKOKAUECTBEHHBIC OJJHOPOJHbBIE CBAPHBIC
IIBBI, TPOYHOCTH KOTOPBIX COMOCTABUMA C IIPOYHOCTHIO
ocHOoBHOTO MeTasua (puc. 15) [19, 20].

Ilepen oTipaBKo 31EMEHTOB KOHCTPYKLIMI HA CTPOH-
IUIOMIA/IKy Ha 3aBOZIE BBINOIHANACH KOHTPOJIbHAS cOOpKa
TIPOJICTHOTO CTpOeHUS (puc. 16).

Puc. 15. CedeHnst CBapHBIX IIBOB

13
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Puc. 16. KourponbHast cOOpka 371€MEHTOB IPOJICTHOTO CTPOCHHUS Ha 3aBOJIE

e il

Puc. 18. YcraHoBIeHHbIE HeCyIIUe OATKU MIPOJIETHOTO CTPOSHUS
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Puc. 20. CranpHast npy>XKHHHAsI BCTABKa COCANHEHUS alTFOMUHUEBBIX 3JIEMEHTOB CTAIBHBIM OOJITOM

Cexkuuu OpPTOTPOIHBIX IUIKT U3 ciiaBa EN AW-
6082 T6 (puc. 7-9) Takxke COSANHITICH MEXKITy cOO0M
no texHosoruu CTII (cm. Beime «Hay4yHo-uccienona-
TEIIECKUE U3BICKAHUS).

CrpoutenscTBO MocTa ocyuiecTsisaiaocs OO0
«Buanyk-M». KoHTposb 3a U3rOTOBJIEHUEM MTPOJIETHBIX
CTPOCHUI Ha MPOU3BOACTBeHHOM momanake 3A0 YII
«Cecnenp» ocymectBisuics OO0 «MocToBasi HHCTICK-
s» (puc. 16). CTpouTelbHBIH KOHTPOJIb BBITIOIHSII TOCY-
napcerBennbIi 3akazank I'KY HO «I'YA/» (puc. 17-19).

OCHOBHBIE 3JIEMEHTBl KOHCTPYKLUH MPOJIETHOTO
CTPOCHHS U3 ATFOMUHHUEBBIX CIUIABOB — IPOJOJIbHBIC

HecyIue 0aJiku, MONEPEYHbIC MPOrOHBI, OPTOTPOITHBIC
mIATH (puc. 16) B mpormecce CTPOUTENBCTBA COSIH-
HSUJTUCh MEXKy COOOH C MOMOIIBIO BBICOKOMPOUYHBIX
CTaJIbHBIX OLIMHKOBAHHBIX 001TOB. HemocpecTBeHHbIN
KOHTAKT J1a)Ke OLMHKOBAHHOM CTalll C aTllOMUHHEM H3-
3a pa3HOCTH AEKTPOXMUMHUUESCKHUX TTOTEHIIHAIIOB CO Bpe-
MEHEM BeJIeT K 00pa30BaHUIO B 30HE KOHTAKTa BEChMa
MPOYHOTO OKUCHOTO COCIUHEHUS, MPEMSITCTBYIOIETO
MOJTSDKKE U pa30opke 00aTOBOrO coenuHeHus. Bo us3-
OexaHNe TaHHOTO SBJIEHHUS OOJITOBBIE COEIUHEHNUS J10-
MOJTHSUTUCH YCTAHOBKOM B OTBEPCTHUSIX YIPYTUX CTallb-
HBIX MPY>KUHHBIX BCTABOK, MTPEISITCTBYIONMX KOHTAKTY

15
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Puc. 21. Tpaduk 1o aBTOZOPOKHOMY MOCTY U3 aJIFOMUHHUEBBIX CIIIABOB yepe3 peky JIlunna

CTaJILHOTO 0O0JITA C AIFOMUHHUEBBIM CIIJIABOM U I103BOJIS-
IOmUX OCYHICCTBIIATL TPU HeO6XOJJ,I/lMOCTI/l TMOATAXKKY
6ounToB 1 pazdopky coenuHenuit (puc. 20) [13].

3AKJIIOYEHUE

ABTOIOPOXXHBIN MOCT U3 aJIFOMUHHEBBIX CIIaBOB
gepe3 p. Jluana B Hikeroponackoit 061acTi BBEIEH
B DKCILTyaTanuio B nekadpe 2023 1. (puc. 21).

TexHMYECKOE N IKCIUTYaTalIHOHHOE COCTOSTHHE I10-
CTPOCHHOTO MOCTA IO/IBEPraeTcs B HACTOSIIEEe BpeMs

MEPUOANYECKOMY MOHUTOPHUHIY 110 YCTAaHOBJIEHHOMY
rpaduky. J{OOIHUTETHHO MIIAHUPYETCS yCTaHOBKA aB-
TOMAaTH3UPOBAHHON CUCTEMBbI MOHUTOPHUHTA, TO3BOIS-
IOIIEeH OCYIIECTBIATh TUCTAHIIMOHHBIN KOHTPOJIb TEX-
HUYECKOTO COCTOSHISI MOCTa B HETIPEPBIBHOM PEIKUME.
ITo pe3yapraTaM MOHHUTOpPUHTA ITPH YCIOBUSX 0€3-
aBapUIHOM 3KcIuTyarauuu Mocta B 2025 1. uiaHupyer-
cs1 yTBepxaeHue Munctpoem Poccuu pa3paboraHHoM
HUY MI'CY penaxmun CIT 443.1325800.2019 nuist aB-
TOJOPOXKHBIX MOCTOB U3 aJIIOMHUHUEBBIX CIIJIABOB.
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INTRODUCTION

At present in many economies of the world, in-
cluding Russia, due to the growing number of motor
vehicles, their load capacity and intensity of use, there

is a steady tendency of growth of road construction and
reconstruction of existing road infrastructure, including
bridges and overpasses. For the purposes of economic
feasibility and construction reduction time, along with

Fig. 1. Arvida Bridge, Canadian province of Quebec, centre span §8.4 m

17

(£G) € HOALIGY bl WOL Jiitamaeny



scionco o ruction: 1) 14, Issue 3 (53)

Andrey V. Korgin, Evgeny V. Vasiliev, Oleg G. Maslov

Fig. 2. Forsmo Bridge in Norway, span 39 m

the use of traditional solutions of bridge structures made
of steel and reinforced concrete, there is an expanding
use of new materials for bridge construction, such as
aluminium alloys and polymeric materials' [1].

Bridge structures made of modern aluminium
alloys are increasingly used in the construction and
reconstruction of road infrastructure, which is a con-
sequence of the unique physical and mechanical prop-
erties of aluminium alloys that allow to create efficient
in weight, strength and aesthetic parameters elements
of bridge structures with increased corrosion resistance
compared to steel structures. The combination of such
unique properties of aluminium alloys has proved to be
in demand in bridge construction, initially in the con-
struction of a wide variety of pedestrian bridges, and
more recently in the construction of road bridges [2, 3].

The presence in the world and domestic practice
of bridge construction of numerous examples of already
built and operated bridges has proved their obvious ad-
vantages in terms of technology, speed of construction
and practical absence of problems during operation,
which serves as an incentive for the increasing use of alu-
minium alloys for the construction of road bridges.

The most famous examples in the world bridge-
building practice are the Arvida Bridge motorway
bridge built in 1950 in the Canadian province of Que-
bec with a span of 88.4 m (Fig. 1); the Forsmo motor-
way bridge built in 1995 in Norway with a span of 39 m
(Fig. 2); and a number of other bridges built in North
America, Europe and China %3 [4-9].

! Application of aluminium in bridge construction. Aluminium
Association. 2016. URL: www.aluminas.ru

2 Aluminium bridges abroad. 2014. URL: www.aluminium-
guide.ru

3 Road and pedestrian bridges in aluminium. Executive Summary,
Report on visits and Sweden, Holland, and the United States.
Aluminium Association of Canada. 2015.
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MATERIALS AND METHODS

Construction of an aluminium alloy road bridge
over the Linda River in Nizhny Novgorod Region

Project goals, objectives and milestones. In
2016. NRU MGSU by order of JSC “RUSAL TD”
started research and development (R&D) on the con-
struction of aluminium alloy bridges, and by Decem-
ber 2023, based on the research results, the first road
bridge in the Russian Federation over the Linda River
was designed, built and commissioned at the initiative
of the Aluminium Association and the Government
of Nizhny Novgorod Region. The bridge is two-lane,
4-span, 72 m long* (Fig. 3, 4).

Research and development surveys. The construction
ofthe bridge was preceded by a long R&D stage (since 2016),
the purpose of which was to optimally select aluminium
alloy grades, production technologies and design methods
for aluminium alloy bridges. NRU MGSU with the partici-
pation of a number of organizations successfully carried
out this work, during which laboratory and field tests were
carried out to determine the strength, fatigue and corrosion
properties, chemical composition, weldability and impact
toughness of the most promising alloys for bridge con-
struction® (Fig. 5, 6) [10].

The final goal of R&D was to develop a norma-
tive document based on the obtained results — Code
of Rules for the design of bridges and aluminium alloys,
which was developed by NRU MGSU and approved
by the Ministry of Construction of Russia in 2019
in the edition for pedestrian bridges under the name
CP 443.1325800.2019 “Bridges with structures made
of aluminium alloys. Design rules” [11].

4 Russia's first road bridge made of aluminium alloys. Bulletin
of the Aluminium Association. 2024; 1(79).

5 CP 443.1325800.2019. Bridges with structures made of alu-
minium alloys. Design rules.
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Fig. 4. Side view of the bridge, with the old single lane steel bridge visible in the background
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Fig. 5. View and results of static tests of 1915T alloy specimens
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Fig. 6. View and results of fatigue tests of aluminium alloy 1915T

The extension of the scope of CP 443 to the design  tropic plates made of EN AW-6082 T6 alloy for the first
of road bridges required an additional phase of R&D time in Russia, manufactured by CJSC “Sespel” and
with an extended programme to investigate the perfor- LLC “KraMZ” using innovative technologies of extrud-

mance of structural elements of bridge structures ma
of the considered grades of aluminium alloys.

The responsible period of the extended work pro-

de ing structural elements from aluminium alloys and fric-
tion stir welding (FSW)¢ (Fig. 8, 9) [12-20].

gramme for NRU MGSU was the development, design ¢ Patton G. Aluminum Orthotropic Desk Research Report.
(Fig. 7) and subsequent static and fatigue tests of ortho-  Archive Florida Department of Transportation. 2017; 52.

Block 1

Block 2

- —
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2000.50

-

Fig. 7. Schematic diagram of extruded elements and welded orthotropic slab

Fig. 8. Extruded structural element of orthotropic slab
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Fig. 9. Friction stir welding of an orthotropic slab on the bench

A batch of orthotropic slabs of the developed de-
sign designed by NRU MGSU using detailed finite ele-
ment method (FEM) modelling was subjected to various
static and fatigue tests with different types of pavement
(Fig. 10).

The responsible part of R&D was to carry out en-
durance testing of the frame of a real pedestrian bridge

with a span of 10 m, made of alloy 1915T on the test
bench of NRU MGSU (Fig. 11). The purpose of the tests
is to determine the fatigue life (the number of loading
cycles before fatigue crack formation) and to compare
the obtained values with the results of calculations in
accordance with the methodology developed by NRU
MGSU and included in CP 443.1325800.2019. The ob-

Fig. 10. Paired orthotropic slabs with asphalt concrete coating on the test bench for static and fatigue tests
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Fig. 11. Endurance tests of the load-bearing frame of a pedestrian bridge on the test bench of the Moscow State University

of Civil Engineering and Architecture (NRU MGSU)

tained calculation results showed good agreement with
the results of in-situ tests [14].

The conducted additional R&D programme served
as a basis for the extension of CP 443.1325800.2019
for the design of road bridges made of aluminium al-
loys, the relevant version of the Set of rules has been
prepared by NRU MGSU for approval by the Minis-
try of Construction of the Russian Federation, which
expects the completion of the pilot phase of operation
of the bridge built over the Linda River in 2025.

Design. The general designer of the bridge project
is LLC “Renova-Stroy”, the designer of the span struc-

ture is LLC “PI-2”, with active support of NRU MGSU,
which provided R&D results in a detailed scope. Spe-
cial Technical Specifications (STS) approved by
the Russian Ministry of Construction were developed
for the project implementation.

The main feature of road bridges, which experi-
ence during their service life (at least 50 years) the im-
pact of multi-million cycles of loading from motor ve-
hicles, is the main reason for endurance calculations.
NRU MGSU has developed software for endurance
calculations, which was used by designers for endur-
ance calculations of the designed bridge [15-18].

TIRRRRRIZ2S2NNNNE

! LY

Fig. 12. General view of the longitudinal section of the bridge

Coastal support

Fig. 13. View of reinforced concrete support parts of the bridge
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Fig. 15. Cross-sections of welds

The key parameters of the bridge project are
shown in Fig. 12, 13.

The span structure is four-span continuous according
to the scheme (2 x 18) + (2 x 18). In the cross section there
are 7 main box-section beams made of aluminum alloy
1565hM with a pitch of 2 m, interconnected by transverse
beams and a system of diagonal (wind) connections at
the level of the upper and lower chords (Fig. 14).

Bearing structural elements of the roadway are trans-
versely located orthotropic plates with dimensions of 6.44 x
% 2.55 m in the amount of 7 x 2 X 4 =56 pieces, made of al-
uminium alloy EN AW-6082 T6. The bridge deck consists
of two layers of cast asphalt concrete with a total thickness
of 8 cm over a layer of polymer waterproofing.

RESULTS

Production. The bridge structures were manu-
factured at the CJSC “Sespel” plant in Cheboksary.
The joining of rolled aluminium alloy sheets into struc-
tural elements was carried out by the automated FSW
method, which produces high-quality homogeneous
welds, the strength of which is comparable to that
of the base metal (Fig. 15) [19, 20].

Before the structural elements were shipped to
the construction site, the span assembly was checked at
the factory (Fig. 16).

Sections of orthotropic slabs made of EN AW-
6082 T6 alloy (Fig. 7-9) were also connected to each
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Fig. 16. Control assembly of span elements at the factory

Fig. 17. Installation of the span on reinforced concrete supports

e S8

Fig. 18. Installed load-bearing girders of the span structure
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other using FSW technology (see “Research and devel-
opment” above).

The construction of the bridge was carried out by
Viaduct-M LLC. Control over the manufacture of spans
at the production site of JSC PE Sespel was carried out
by Mostovaya Inspectorate LLC (Fig. 16). Construction
control was carried out by the state customer GKU NO
"GUAD" (Fig. 17-19).

The main elements of aluminium alloy span struc-
tures — longitudinal bearing beams, transverse purlins,
orthotropic plates (Fig. 16) — were connected during

construction using high-strength galvanized steel bolts.
The direct contact of even galvanized steel with alumin-
ium, due to the difference in electrochemical potentials,
leads over time to the formation of a very strong oxide
compound in the contact zone, which prevents tighten-
ing and disassembly of the bolted connection. In order
to avoid this phenomenon, bolted connections were
supplemented with the installation of elastic steel spring
inserts in the holes, preventing the contact of steel bolt
with aluminium alloy and allowing to tighten bolts and
disassemble connections if necessary (Fig. 20) [13].

Fig. 19. Installation of orthotropic slabs on the supporting beams of the span structur

Fig. 20. Steel spring insert connecting aluminium elements with a steel bolt
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Fig. 21. Traffic on the aluminium alloy road bridge over the Linda River

CONCLUSION

The aluminium alloy road bridge over the Linda
River in Nizhny Novgorod region will be commis-
sioned in December 2023 (Fig. 21).

The technical and operational condition of the con-
structed bridge is currently subject to periodic monitor-
ing according to the established schedule. In addition,
it is planned to install an automated monitoring system

that will allow remote control of the technical condition
of the bridge in a continuous mode.

Based on the results of monitoring under the con-
ditions of accident-free operation of the bridge in 2025
it is planned to approve by the Ministry of Construc-
tion of Russia the edition of CP 443.1325800.2019 de-
veloped by NRU MGSU for road bridges made of alu-
minium alloys.
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