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Egexmusnicmo CYYACHUX ~ apKOBUX — MOCHIE o0ocseaemucs HOBUMU
KOHCMPYKMuHUMU piwennsamu. Posenanymi npuxnadu mocmis wo ompumany Haubinbut
BUCOKY OYIHKY ni0 wac exkcniayamayii, i HA8eOeHi NepCcneKmueHi HAnpAMKu O
nooanbuwo20  00CNIONCEeHHA mMa  pPO36UMKY APKOBUX MOCHMI8 3  BUKOPUCTHAHHAM
mpybobemony.

The effectiveness of modern arch bridges is achieved by new design solutions. The
considered examples of bridges that received the highest rating during operation, and
promising areas for further research and development of arch bridges using pipe
concrete are given.

Large-span arched structures have significant potential bearing capacity and can
be used as structures to solve the problems of new construction and reconstruction of
buildings and structures. They are able to change the uniformity of the environment with
their architectural appeal. Arches are especially convenient for use as bearing structures
of bridges in mountainous areas where the problem of thrust is solved. The introduction
of tube-concrete in the design of arches gave impetus to their further study and effective
practical application.

Constructive solutions of modern tube-concrete arch bridges are constantly
changing. This is caused by the need to increase the overall dimensions of structures, as
well as the introduction of new ultrastrong materials and scientific developments into the
construction.

Tube-concrete is not only a durable and load-resistant structural material, but also
economical in the process of manufacturing and operation. A metal tube is the external
surface of the structure that is being built and can have various processing performed in
the factory. The manufacture of formwork from metal tubes allows you to make the
dimensions, shape and configuration different depending on the requirements of the
project.
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In the future, large-span tube-concrete arch bridges should be used for high-speed
rail. Such bridges with a rigid skeleton are insensitive to daily temperature fluctuations
and have good durability.

Even though there is success in the design and construction of tube-concrete arch
bridges, existing technologies still cannot satisfy existing needs. Thus, it is necessary to
constantly search for new design solutions and solve critical issues of improving the
fatigue characteristics of welded joints, optimizing the concrete segments, and further
reducing the weight of the structure, which will help increase the span.

The article examined a large number of tube-concrete arch bridges and studied
their design solutions. It can be concluded that today there is no single methodology for
designing sufficiently promising arch bridges, therefore this problem is relevant and
requires further study.

Knrouosi cnosa: apxosuil micm, mpy606emouHi apKu, KOHCMPYKMUGHI pilieHHs,
mpybobemon, peakmueHuii NOPOUIKO8ULL GEMOoH.

Keywords: arch bridge, tube-concrete arches, structural solutions, tube-concrete,
reactive powder concrete.

Beryn. BenukompomniTHI  apKOBI  KOHCTPYKIIi BOJOIIIOTh 3HAYHUM
MOTEHITiIaIoOM Hecydol 34aTHOCTI 1 MOXYTh 3aCTOCOBYBaTHCA B SIKOCTI
KOHCTPYKIIH, [0 BUPILITYIOTH MPOOIEMH HOBOTO OYAiBHHUIITBA Ta PEKOHCTPYKIIii
OynmiBenmb Ta cropyd. BoHHW 3maTHI 3MIHUTH OJHOMAHITHICTE HABKOJIHUIITHBOTO
CEpeIOBHUIIla CBOEKD apXiTEKTYypHOK MpuBabiuBicTiO. OCOOIMBO 3pydHi apKu
JUI. BUKOPHUCTAHHS B SIKOCTI HECYYHMX KOHCTPYKIIH MOCTIB B TOPHUCTHX
MICIIEBOCTSIX, JIe BHPINIYEThCS MmpodieMa po3mopy. BrpoBamkeHHs B
KOHCTPYKIIii apoK TpyOOOETOHY [ai0 MOIMITOBX ISl iX MOAAIbIIOr0 BUBUCHHS 1
€()EeKTUBHOT0 NPAKTHYHOTO 3aCTOCYBaHHS.

AHagi3 ocraHHIX nocaimkeHb Ta myouaikamiii. Cepen moOyaoBaHHX Ta
3alPOEKTOBAaHNX AapKOBHX MOCTIB ICHYIOTh Taki, IO MOHa BIJHECTH [0
HAMOLIBII YHIKATBHUX 3 TOYKH 30pY KOHCTPYKTHBHHX PIIICHB.

ApxoBuii mict «HemoBns Enpiko» B IlopTo BoONOHmiE BHCOKHMH
TEXHIYHUMU Ta E€CTETMYHHMH SKOCTSMHM 1 TPHUCTaBisie coO0r0 HaWKpammi
3pa30K T'€OMETPUYHMX IapaMeTpiB Ui MOHITOPHHTY IHIIMX apKOBHX MOCTIB
[1, 2]. Crig BuminuTH, 1110 BiH BXOJUTH B YETBIPKY HAWOLIBIINX apPKOBHX MOCTIB
€spomu 3 mponboToM L = 280 M. BigHOmeHHS MPOJIBOTY 10 TOBIIMHH apKu
(h=1,5m) cknagae 187 i € CBITOBUM pPEKOPIOM, TOOTO 1€ JyKE TOHKA apKa.
Crpina ninfiomy apkn cknagae f=25 m. Binnomenns L/f = 11,2 Ttokasye 1o
ueit mict gocuts monormii. Moro «cratmummii xoedimient» (L2 /> 3000),
KOTpHH MPSMO MPOHOPLIiHUNA 0CHOBOMY 3YCHILIIO, IO JIi€ B CKIEIIHHI apKH, €
HaWOUIBIINM i3 yCiX apoK, IT00YJ0BaHHUX JIO TEHNEPIIIHHOTO Yacy.

HiiicHo, apka mocty «Hemosmst Enpike» B [lopTo € HaliHaBaHTaXeHIIIOHO i
HaMICTKAaTHIIIO Y CBITI.

OcraHHIM 4YacoM BifOYBA€ThCSI €BOJIOLIS KOHCTPYKTHBHOTO AW3aHHY Ta
TexHonori OyaiBHuuTBa [3]. TexHONOTiYHMI PO3BUTOK He OOGIHIIOB chepy
BHCOKOMIITHMX MaTepialiB, TaKuxX SK KOMIIO3WTHHHM MarTepial Ha OCHOBI

43



"Cyuacni mexnonozii ma memoou po3paxyuxie y oyoiesnuymei', eunyck 13, 2020

MOPTIAHALIEMEHTY, IO OTPUMAaB Ha3By — PEAKTUBHUI MOPOIIKOBHH OETOH
(PIIK). Lle#t marepian Moxxe gocsiraty MiHOcTi Ha ctuck Bix 200 mo 800 MIla
Ta BUKOPUCTOBYBATUCS B OYAIBHUITBI MOCTiB. PO3p0o0IEeHO MPOEKTHI pilleHHs
Uil apkoBuUX MocTiB mpoiboroM 500 M, 750 M ta 1000 M. 3a BHHATKOM
MOCTOBUX (PYHJaMEHTIB Ta NPUMHKaHb, BCI HeCydl €JIeMEHTH KOHCTPYKIIH
BurotoBisitorbest 3 PIIK. Butparm PIIK Ha BHKOHaHHS BCIX MOCTOBHX
eJIEMEHTIB 0e3 MPUMHKaHb Ta (yHIaMEHTIB cTaHOBIATE 98957 / (1320 * 35,5) =
=2,11 M® / M* st apxu mporsoTom 1000 M, i 1,75 m> / M? 1151 apK¥ IPOTEOTOM
750 M.

B HaykoBii po0oTi [4] BHKOHaHO eKCIIEPHIMEHTAIFHO-TEOPETUIHI
JOCIIKEHHS TPyOOOSTOHHUX apKOBUX MOCTIB. J{JIsl MPOEKTYBaHHS PO3POOIICHO
CIPOIIEHHA METOX TPOTHO3YBAaHHA JOBIOCTPOKOBOI  peakiii apKOBUX
TpyOOOCTOHHHX MOCTIB, IO BpaxoBye CTapiHHI OCTOHY Ta IpoIec
OynmiBauITBAa. Ha Momensx apok IOCTikeHo aedopmaliii MmomnepeaHboro
pO3TATY, BHM3BAHOTO BIUIMBOM 4Yacy, Ha 3THHAIBHO-KPYTHIIBHY CTiHKICTb.
[MapamMeTpu 1110 PO3TIISAINCS: — BiK OCTOHY ITiJ] Yac MEPIIOro HAaBAHTAXCHHS; —
TPUBAJICTh HABAHTAXKEHHS; — MIIHICTh OCTOHY Ta CTajmi; — KoedillieHT
THYYKOCTI; — BIJIHOUIEHHS BHCOTHM apkKu JI0 11 HpOJbOTY, Ta iX BIUIMB Ha
nedopmariii  MOB3y4OCTi TPyOOOETOHHUX apoK. 3poOJCHO BHUCHOBOK, IO
TUMYacOBi e()eKTH BHABIAIOTH 3HAYHNI BIUIMB HA MOIEPEUYHY CTIHKICTh TOHKHX
mapa0oTiyHIX apoK 3 HHU3BKOI MIIHICTIO CTalli 1 BHUCOKHM BiIHOIICHHSIM
MPONBOTY A0 CTPUIH MiAiOMY, SIKi HaBaHTa)KeHI PIBHOMIPHO pPO3MOIiIICHIM
HaBaHTAKCHHSAM B pPaHHBOMY Billl Ta 3HAXOAAThCA JOBTHMH dac TiX
HaBaHTAXKCHHSIM.

i i 3aBganns. BukoHaTu ormsiL T0CTiHKEHb 10 BU3HAYEHHIO CyYacHUX
KOHCTPYKTUBHHX PIllIeHb BEJIMKONPOJITHUX TPYOOOETOHHMX apKOBHX MOCTIB i
3po0MTH TX TIOPIBHSIHHS 3 ICHYIOUMMH apKkoBuMH Moctamu. Otpumaru
rabapuTHi napamMerpu Ta 3acTOCOBaHI MaTepiajiu 1 KOHCTPYKIHI Uit pi3HUX
PO3paxyHKOBUX CXEM.

OcHoBHa 4yacTuHa. KOHCTPYKTHBHI pillIeHHs] Cy4acHUX TPyOOOETOHHMX
apKOBUX MOCTIB IIOCTIITHO 3MiHIOIOThCS. BH3BaHO 11e HEOOXIAHICTIO 301IBIICHHS
rabapuTHUX PO3MIpIB CIIOPYII, a TAKOXK BIIPOBAKECHHSIM B OYIIBHUIITBO HOBUX
HAIMIIHUX MaTepialiB Ta HAYKOBHUX PO3po0Ook [5-7].

TpyOoOeToH He TUTBKM MIOHWA Ta CTiHKHI [0 HaBaHTa)XXCHb
KOHCTPYKUIHHUH Marepiaji, aje 1 eKOHOMHHMH B TpOIeCci BHTOTOBJICHHS Ta
excryaranii. Oco0nmMBO B apKOBHX CHOpYyZax 3 TpyOOOETOHY OTPUMYETHCS
MIIHICT 3a paxyHOK ¢opmu. MertaneBa Tpyba € 30BHINIHBOIO ITOBEPXHEIO
KOHCTPYKIii 1o OyayeThcs 1 MoOXe Matu pi3Hy 0OpoOKy, BHKOHAaHY B
3aBOJICBKHX YMOBax. BHTOTOBIIEHHS ONajdyOKH 3 METalleBHUX TPYO J03BOJISIE
pobutu po3mipu, dopMy i KOHPIrypamiro pi3HUMH B 3aJI€KHOCTI Bi BUMOT
MIPOCKTY.

Hdnst  aHamily  KOHCTPYKTHMBHHX  XapaKTEepUCTHK  TPyOOOETOHHHX
BEJIMKOIIPOJIITHAX MOCTIB 00paHi Moctu 3 mpoiboroM Oumbmie 300 M. Tumm
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TIOTIEpEYHHX TIEepepi3iB TpyOOOETOHHMX apok mokaszaHi Ha puc. 1. B Tabmmmi 1
HABEJICHO MOOYIOBaHI MOCTH, JI¢ HABEJCHO Ta0apUTHI PO3MIPH apOK, a TAaKOXK
KOHCTPYKIIIFO iX MOMEPEYHOro mepepizy.

Puc. 1. Tunm nonepevyHnx nepepiziB TpyOOOCTOHHHUX apOK:
a) IBOTpyOHa; 0) TpOXTPYOHA; B) 1 T') YOTUPHOXTPYOHa,
1 — metaneBa TpyOa 3amloBHEHa OETOHOM; 2 — BEpTHKaJIbHA METAJICBa IUIACTHHA;
3 — epma; 4 — rOPU3OHTANBHUIA €IEMEHT 3’ €THAHHS, 5 — TOPU3OHTAILHA
MeTayieBa IUIacTHHA.

Tabmuns 1
Tpy60o6eToHHI apKOBi MOCTH NPoJboTOM noHax 300 M
= < Tpy6a
Ne Hassa mocty g = § = | Ut Tum apku
- é 1 5 — D, t,
MM MM

1 2 3 4 5 6 7 8
1 | He River Nel 529 117 | 45 | 1320 | 30 4 TpyOHa
2 | Wushan 460 121 3,8 | 1220 | 25 4 TpyOHa
3 | Zhijing 430 78 55 | 1200 | 35 8 TpybHa
4 | Liancheng 400 77 5,2 850 26 6 TpyOHa
5 | Yellow River 380 76 5 1500 - 4 TpyOHa
6 | Maocaojie 368 74 5 1000 | 28 4 tpyOHa
7 | Yajisha 360 80 4,5 750 20 6 TpyOHa
8 | Yong He 338 75 4.5 1220 25 Topu3oHT.
9 | Xiao He 338 68 5 1100 | 32 6 TpyOHa
10 | Tai Ping Hu 336 68 49 | 1280 | 25 | T'opu3oHT.

B Kurai po3poGmeno TexHiuHHA Komekc IS TpyOOOETOHHHX apKOBHX
mocTiB GB 50923-2013 [8]. B HboMy TpyOOOETOHHI apKOBi MOCTH TOTITISIOTHCS
Ha I'ITh OCHOBHUX THUTIB (puc. 2).
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Puc. 2. OcHOBHI THIIM KOHCTPYKLiH TPyOOOETOHHHX apoK
a) many6Ha apka; b) apka 3 131010 10 cepeinHi; C) apKa B BUIIISI JICTIOUOTO
nraxa; d) )KOpCTKa apka 3 THy4YKOIO 3aTsDKKOIO; €) apKa, 3aKpilieHa many0oro.
Ha ocHoBi aHanizy pesnbedy Ta reosorii MaiilaHuMKy OyJIBHHITBA MOCTa

OyJl0 3alpONOHOBAHO TPU CXEMH JJIs BapiaHTHOro mpoektyBaHHs [9]. Cxemu
oOpaHi Taki:

® BHCSYMIA MICT TpotboToM 520 M (puc.3, cxema 1);

® MeTaJIeBUi KOPOOUACTHI apKOBHH MICT IpoboToM 518 M (puc. 4, cxema 2);

o Tpy0OOETOHHNH apKoBHA MicT mpoboToM 530 M (puc.5, cxema 3).
TexHik0-eKOHOMIYHE TIOPiBHAHHS TPHOX BapiaHTIB MOCTIB HaBeIEHO B Ta0II. 2.

Puc. 5. TpyboOeTonHMit apkoBuii MicT mpoasoToM 530 M (cxema 3)
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Tabmums 2
TexHiKO-eKOHOMIYHI NOPIiBHSHHS TPhOX BapiaHTiB MOCTIB
ToKasHIKH MOCTa Cxema 1 Cxema 2 Cxema 3
(puc. 3) (puc. 4) (puc. 5)
3arajgbpHa JOBKHHA, M 810 750 841
OCHOBHHUI1 POJIIT, M 520 518 530
Il 1300, M 290 232 311
Hamminna crans, T 3304 148 724
3BHUYaiiHa cTajb, T 9455 23694 12441
Beron, M° 43344 29400 37900
Butparn, MiH. 1071apiB 310,87 493,83 250,30

OuiHIOIYN KOHCTPYKTUBHI DIllleHHS BapiaHTIB MOCTIB, MOKHA BHIUTUTH
ix Henmomiku. Cxema 1 (puc. 3). BukopucraHHs BeIMKOI KiJIBKOCTI HaaMIITHOT
cTau, OiIbII BHCOKA BapTiCTh PEMOHTY Ta obcimyroByBants. Cxema 2 (puc. 4).
BukopucTaHHs BENHMKOT KUIBKOCTI CTaji, CKJIAIHICTh KOHCTPYKIII, BHCOKa
BapTiCTh OyAiIBHUIITBA, BUCOKA BAPTICTh PEMOHTY Ta 00ciayroByBanHs. Cxema 3
(puc. 5). binpm cknanHi OyaiBenbHI POOOTH.

[opiBHSHHA T™pOeKTy TpyOobeToHHOrO Mocta (cxema 3, puc. 5)
BHKOHAeMO 3 icHYrounM MocToM Ne2 3 tabmumi 1. [Ipomit Mocty depes piuky
XemzsH Axmu Ha 70 M goBmIMIA Bifg MocTa YIIaHb, a BUCOTa apku Ha 10 M
HIDKYa, IO YCKIAJHIOE 3allMBKy O€TOHY 31 30UMBIICHHSAM MpPONBOTYy. B
MIPOEKTOBAHOTO MOCTY MPOCTIIIMH MiJiioM elleMeHTiB, Xo4a ix Bara Ha 600 kH
outpina. IllupuHa mepekpuTTs maayom ckiazae 9 M, a Bara MNEPEKPHUTTA
smenmmacs Ha 42 kH/m? 3a PaxyHOK 3aCTOCYBaHHS OPTOTOHAIBHOI peOpUcTOl
IUIMTH 3 3ani300eToHy. B apkax mpoekTy BUKopHcCTaHi TpyOu aiamerpom 1320
MM, 110 Ha 100 MM OiIbIII HI’K Y MOCTI YTIIaHb.

B OCHOBHOMY BEJIHKOIPONITHI TPyOOOETOHHI apKOBi MOCTH MOOY/I0BaHi
JUTL aBTOMOOIIBHHX JIOPIT, ajie BXKE 3aBepIIeHO OYIIBHUIITBO MOCTa IPOIHOTOM
430 M i s 3ami3aumi JIxaca — Heingi [10]. B MaiiOyTHROMY BENMKOTIPOIITHI
apKoBi  TpyOOOETOHHI  MOCTH  IUIAHYETHCS ~ BHUKOPUCTOBYBATH  JUIS
BUCOKOLIBHIKICHOT 3aii3HOi noporu. Takmii MiIiCT 3 JKOPCTKMM KapKacoMm
HalKpallle BUKOPHCTOBYBATH JUIsl BUCOKOIIBUAKICHOT 3a1Ii3HOT JOPOTH 3-3a HOTO
BEJIMKOI OPCTKOCTi, HEUYTIMBOCTI A0 JOOOBHX KOJHMBaHb TEMIlEpaTypu Ta
XOpOIIOi JOBrOBIYHOCTI. 3aBISIKM JIETKAM KOHCTPYKTHBHUM €JIEMEHTaM 1
palioHaNmbHIA PO3paxyHKOBIH cxeMmi apKoBi TpyOOOETOHHI MOCTH JOLIIBHO
OyayBaTH B TipChKHX paiioHaxX i JUIs MEepeTHHY KaHbHOHIB, J€¢ BOHU OiIbII
e(eKTHBHI HI)K BUCSAYi a00 BAHTOBI MOCTH BEJIMKHX ITPOJIBOTIB.

Hagite mpu ToMy, IO JOCSTHYTI YCHiXy B MpPOEKTYBaHHI i OyIiBHHUITBI
apKOBUX TPYOOOETOHHHWX MOCTIB, ICHYIOUI TEXHOJOTIi BCe IIe HE MOXYTh
3aJI0BOJIBHUTH cy4acHi norpebu. TakuM 4YMHOM, HEOOXiIHO MOCTiifHO BecTH
MOUIYK HOBMX KOHCTPYKTHBHUX pIllIEHb Ta PO3B’SI3yBaTH BXJIMBI NHUTaHHS 110
Ii/IBUIICHHIO XapaKTepUCTUK BTOMJIFOBAHOCTI 3BapHMX 3’€JIHaHb, ONTHMIi3alil
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CEerMeHTIB OETOHYBaHHSI, TIOJANBIIOTO 3HIKEHHS Bard KOHCTPYKIIii, IO CIIpHSE
30UIBIICHHIO JJOBXXHMHH MPOJILOTY. MOXKIMBICTh OyqiBHUITBA TPyOOOETOHHOTO
apKOBOTO MOCTY MOJBbOTOM 650 M BKe JOKa3aHa i BENETHCS IMPOCKTYBAaHHS
MocTy mponboToM 700 M.

BucHOBKM i mepcrneKTHBHU JOCTiIKeHb. PO3IsIHYTO BEIHMKY KUIBKICTH
MOCTIB 13 3aCTOCYBaHHSIM TPYOOOETOHHHX apOK, BHUBYEHI 1X KOHCTPYKTHBHI
pIlICHHS Ta BUKOHAHO aHami3. Mo)KHa 3pOOUTH BHCHOBOK, 110 HA ChOTOJIHINIHIH
JICHb HE ICHY€ €IMHOT METOJHMKH IO MPOSKTYBAHHIO JOCHTh MEPCIEKTHBHUX
apKOBHX MOCTIB, TOMY I IpoOiieMa € aKTyaJbHOIO 1 MOTpedye IMONANbIIOro
BUBYCHHS.
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