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Possible Solutions mexnu4eckux Hayk, npogeccop Mockosckoeo
_ f 20Cy0apcmeeHH020 yHueepcumema nymeti coooOuleHus
(TekcTt ctarbu Ha aHi. 3. — English text of (MHHAT), Mockea, Poccus.

the article — p. 50) Kypoauxuii Eeeenuii Huxoaaeeun — doxmop
mexnuyeckux Hayk, npogeccop MUHUT, Mockesa,
lMponoskas Hay4YHbie ncciepoBaHus, ; OCCWZ 1o 3 ud
- onne Bumaauii Peiinzoavdosuu — kanoudam
KOTOPbI€ POCCHNCKNE TPAHCITOPTHBIE mexnuyeckux nayi, doyenm MUHUT, Mockea, Poccus.
By3bl BE4yT y)Ke MHOrne rogbl B LeJsisx Tomunoe Anmon Arumepoeuu — acnupanm MHUHT,
peasin3aLnmu rnepcrieKTuB >xes1e3HbIX Mockea, Poccus.
n aBTOMO6MﬂbeIXﬂOpOI' BOCTO4YHOIO

HanpasneHus [1], aBTOpbI CTaTby

npeanaraioT CBOVi BapuaHT peLlueHus OIJIACHO M3BECTHBIM JINTEPATYPHBIM
npo6sieMbl TPAHCMOPTHOro nepexoaa ncrtouHnkaM, CaxaJuH ObIJT OTKPBIT
qyepe3 riposine HeBenbckoro ¢ Marepuka KazaKaMU U3 OTpsiaa WBana MockBu-

Ha ocTpos CaxannH. O6GOCHOBbIBaIOT trHa B X VII Beke. B xonne XVIII sexa 2Kau-
BapUaHTbI M MOAXOAbI, OLEHNBAIOT 1
paHcya Jlanepys, nBurasich Ha ceBep 1o Ta-

anbTepHaTUBY «MOCT—TOHHEJIb», 6
UMes: B BUZly POEKTBI C BbicOkoi  TAPCKOMY TPOJIMBY, OGHAPYXUIT, UTO MPOJIUB

CTerneHbI0 UH)XXeHEePHOU npopa6o-rKM’ CTAaHOBUTCs BCE MEJIBYE 11 MCJIBYC. OTCYTCTBI/IC
3Kkonornyeckoi 6e3onacHoOCcTn, MOPCKOTO TeueHUs MpuBeso Jlanepysa K BbI-
9KOHOMMUYECKOV roTOBHOCTU  Bofy, uro CaxaJnH Ha CeBepe COCAMHSIETCS

nu MHBeCTMuMOHHOii OTBEeTCTBEHHOCTU. C MaTepUKOM. Takout BBIBOJL OBLT TOATBEP-

JKJIeH B JajbHel1leM aHrinyaHuHoM B. bpaii-

KntoveBbie c/ioBa: TpaHCMOPTHBIV Nepexos, I/IO 1({1)0 BI/[( 1 PYCCKAM hfro peria ]135: eaem
Mopckoii nponus, CaxanvH, TOHHE b, MOCT, -®. KpyseHirepHom. Tonbko B 1849 roay

MHxXeHepHo-reonornyeckmne ycnosus, 1. V. HeBenbckoMy ynanock npoiiti 1o soae
MPOEKTHas a/ibTepHaTMBa.  BIOJIb BCETO 3aIalHoro nodepexns CaxairHa.
|
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TTocne npuszHanus CaxajiuHa OCTPOBOM
1LLTM IUCKYCCUM, KAKMM 00pa3oM OO0 beTUHUTD
€ro ¢ MaTepPUKOM.

bbU1u pa3Hbie MPOEKTHI:

© [IUTI030BO-TYPOUHHO-KJIaTlaHHAs TJIOTU -
Ha (TUAPO3JIEKTPOCTAHIIUA);

® Tamba (IJIOTHHA) CO IITI030BbIM YCTPOIA-
CTBOM JUTS IPOXOJa CYJI0B;

® [TOIBOTHBII TOHHEJIBbHBIN MEePeXo;

® MOCTOBOW MEPEXO.

MNHXeHepHO-Te0JIOrnYecKue yCaoBUS
Ha BO3MOXHBIX y4acTKaxX TPaHCIOPTHOIO
nepexona Il MAaTEPUKOBOM U OCTPOBHOU
yacTell pe3ko oTtauyarorcs. Ha marepuke
MNPEeBATUPYIOT MarMaTUYECKK€ TOPHBIE TOPO-
IIbl, HA OCTPOBE — OCAJOYHbIE, YXOAIINe
B MPOJIMBE HA TIYOUHY JAECSTKOB METPOB.
Pa3Hoe reosiornueckoe CTpoeHUEe MaTEPUKO-
BOW M OCTPOBHOW YacTe| MpoJiMBa Ipeamnoa-
raeT HaJu4ue TEKTOHUYECKOro paszjioma
(He UCKITIOUEHO, JaXKe HECKOIbKUX). Bbicokast
CEeICMUYHOCTh peruoHa (0oJsiee BocbMU 0as-
JIOB) HECET OOJIBIIYIO BEPOSITHOCTh CIBUTOBBIX
SIBJICHU IO pa3jioMaM, YTO JOJIKHO OBITh
YUTEHO MpU pa3padboTKe MPOEKTOB TPAHCTIOPT-
HOTO Mepexoa.

ITpuponHo-kiaumaTudyeckue GakTophl,
KOTOPbIE TOXE OMPEACIISIIOT YCIOBUS CTPOU-
TEJIbCTBA, 0OCOOEHHO B 3UMHUIA IEPUO, BECh-
Ma CypOBbI€: IIITOPMOBBIE BETpa, METEJH,
VUHTEHCUBHBIE CHETOMalbl, 00JeNeHEeHE
KOHCTPYKIIUA, JIEAOBBIC SIBJICHUS.

Tunponornyeckast 06cTaHOBKA XapaKTepu-
3yeTCsl CMEHOI HalpaBJIeHUs TeUEHUS B MPO-
JIUBE, BBICOKOU €r0 CKOPOCThIO, MPUJIMBAMU,
OTJIMBaMU, 3HAUUTETbHBIMU AJLTIOBUATBHBIMU
OTJIOKEHUSIMU U UX Pa3MbIBAMU.

B paHee mpoBeAeHHBIX T€OJOTUYECKUX,
TUAPOMETPUYECKUX U3BICKAHUSIX HAMEUEHO
TPU CTBOPA MECT PACITONIOKEHUS TPAHCIOPT-
HbIX iepexoa0B (puc. 1). B 2013 rony «Iunpo-
CTPOMMOCTOM» TIPENJIOKEH CTBOP «HOBBIMN».

TTpononbHbIE TPO(UIN 10 OCU CTBOPOB —
«CPETHUI», «IOXKHBI» U «HOBBI» — TPUBE-
JIeHbl Ha puc. 2. 15 janbpHe e pa3padoTku
UHCTUTYTOM «[UNPOCTPOUMOCT» MPUHST
CTBOD «CPEIHUIN» KaK UMEIOLIUIA HEKOTOPYIO
CUMMETPUIO U MUHUMAJIbHYIO TIPOTSKEH-
HOCTb. TaM e BBITTOJIHEHbI PeABAPUTEIbHBIE
MPOEKTHbBIE ICKU3bl OJHOMYTHOIO XeJIe3HO-
JIOPOKHOTO MOcTa [2].

TIpennoxeHus OpUEHTUPOBAHBI Ha KOH-
CTPYKLIMM penieTdyarsix ¢pepM. B mepBoM Ba-
pUaHTe MPUHSTA CXeMa C UCIOJIb30BaHUEM
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JNIBYX HEpa3pe3HbIX MPOJETHBIX CTPOCHUN
(2x330 M); neBATU HEpa3pE3HbIX MPOJETHBIX
cTpoeHuii (2x220 M); ABYX OJHOMPOJIETHBIX
depM pimrHoM 220 M; OTHOTO OAHOMPOJIETHO-
ro ctpoeHus mivHoi 110 M 1 1ByX 0aT04YHBIX
MPOJIETHBIX cTpoeHuit o 33,6 m. [NoaHas
JTMHa MocTa cocTaBiigeT 5948,04 M. Yucio
MPOMEKYTOUHBIX OTOp — 26.

Bo BTOpOM BapuaHTe: ABa HEpPa3pe3HbIX
MpoJeTHbIX cTpoeHus (2x330 m); 1mecTb He-
pa3pe3HbIX MPOJETHBIX CTpoeHuit (2x220 m);
17 onHonponeTHbIX hepM muHoit 110 M u nBa
6aTOYHBIX MPOJIETHBIX CTPOEHUs Mo 33,6 M.
IMonHas mmmHa mocta — 5960,04 M. Ywucio
TPOMEXYTOYHBIX OTI0p — 34.

ITo Hamemy MHeHHMIO, 00a BapuaHTa B Ta-
KOM KCITOJTHEHUU HE pelIaloT BceX MpoodsieM
HaJleXHOro COOOIIEHUSI HA MHOTUE TOJbI
MEXIY MAaTEPUKOM U OCTPOBOM. 31€Ch JOJIK-
HBI OBITh TPUHSATHI KOHCTPYKIIMY TPAHCIOPT-
HBIX KOMMYHUKAaIIU, obecreynBamime
JNBYXITYTHBIA MPOMYCK XeJIE3HOAOPOXKHOTO
MOJBUXXHOTO COCTaBa, a TAKXKe HEOOXOIUMBIX
aBTOMOOWJIBHBIX TOTOKOB.

B npuHIIMIIE KOHCTPYKTUBHBIE PEIIEHUS
MPOJIETHBIX CTPOEHUII MEPBOTO BapuaHTa
(1o cBOUM pa3Mepam: BbIcOTa (hepM, paccTo-
SSHUE MEeXIY UX OCSIMU) NPUTOIHBI AT
YCTPOICTBA BTOPOTO sipyca MoJ aBTOMOOWIb-
HO€ IBUXXEHUE, @ BHYTPEHHUE TabapUThl MOT-
JIn Obl 00eCneYrTh ABYXITYTHOE KeJIe3HOI0-
POXHOE COOOIIEHHUE.

Bropoii BapraHT Mo CBOMM XapaKTepUCTU-
KaM He MOJIXOAUT IS TAaKOTO PEelIeHMUsI, TT0-
CKOJIbKY TUIIOBBIE 110-MeTpOBbIE POTETHHIE
CTPOEHUS IO CBOMM rabaputam mpeaHa3Ha-
YEHBI /151 OHOMYTHBIX MOCTOB. YBEJTMUEHHOE
M0 CPaBHEHUIO C IEPBBIM BapUaHTOM YHUCJIO
MPOMEXYTOYHBIX 0o1op (¢ 26 10 34 enuHUII)
BBI3OBET CJIOXHBIE IPO3UOHHBIE MPOLECCHI
B pYCJie, U KaK OHU CKaXyTCs B JaJIbHEHIIIEM
Ha aJUTIOBUAIBHBIX OTJIOKEHUSIX B IPOJIUBE —
HeIpeackazyeMo.

O0a BapMaHTa He OTBEYalOT BHEIIHUM
MPUPOJHO-KIMMATAYECKUM (haKTOpaMm.

Bo-nepBbix, HEM30EXXHO CUITBHOE JIbIOHA-
Mep3aHWe Ha MHOTOYHMCJIEHHBIX 2JIEMEHTaX
peLIeTYaThIX MPOJIETHBIX CTPOSHU I B 3UMHU I
MEePUOI.

Bo-BTOpBIX, 3HAaUUTEIbHAS CEiCMUYECKas
AKTUBHOCTb PETMOHA IMTPU BO3MOXKHBIX 3eMJIe-
TPSICEHUSIX MOXKET IMMOPOIUTH CABUT TEKTOHU-
YECKUX IUIUT MAaTEPUKOBOW U OCTPOBHOM Ya-
creit. 1o kpaliHeil Mepe, Mbl He JOJIKHBI OT-
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10X HBIN

Puc. 1. CTBOpbI TPAHCMNOPTHbIX NEPexo[0B.

BEprarb 3TO MPEAMNOJ0XEHUE, CITIOCOOHOE
ITOBJIMSITh HA CPOK CIIY>KOBI MCKYCCTBEHHOTO
COOPYXKCHUSI.

Ecnm Bompocsl IhmoHaMep3aHUsS OYAyT
CHSITHI, TO, TTO HaIlIeMy MHEHUIO, B KOHCTPYK-
IIMM MOCTa 1IeJeCO00pa3HO MCIOJIb30BaTh
Hepaspe3HbIe TTPOoJIeTHBIC CTpoeHNs (2x330 M),
YTO COKPATUT YMCJIO MPOMEXKYTOUHBIX OITOP
IO BOCEMHAIIIaTH.

PemeHre 0603HauYe€HHBIX ITPOOJIEM MOKET
OBITh JOCTUTHYTO, TTOJIATACM, 1 34 CUCT IPYTHX
ITPOCKTHBIX CXEM, B TOM UHCJIC YK€ M3BECTHBIX
B MUPOBOI1 ITpakTUKe. TeKTOHMIECKHE pa3Jio-
MBI B 30HE TPaHCIIOPTHOTO Mepexoaa Kak yT-
po3y racsaT KabenbHbBIMU (BUCSIYUMU) WU
TMOPUIHBIMU KaOEeJTbHO-BAaHTOBBIMU (puC. 3)
cucremamu. [1poBereHHBIC HAMU HCCIICIOBA-
HUS TIOKA3aJI1, YTO TAKKME CUCTEMBI SIBIISIIOTCS
3G GEeKTUBHBIMU 15T TIPOITYCKA KEIe3HOIO0-
POXHOI HAarpy3KM IIPU MPOJIETaX B THICSIY
u 6oJiee METPOB.

B MupoBOIi TIpaKTUKE MOCTOCTPOCHUS
3alPOCKTUPOBAHEBI, TIOCTPOCHBI M CTPOSITCS
IEeCITKA KaOCIbHBIX TPEXITPOJICTHBIX MO-
CTOB C IICHTPaJIbHBIMU ITpojeTaMu oT 1000
10 2000 m m 6o1tee [3]. Psan u3 Hux obecrie-
YHMBaeT MPOITYCK COBMEIICHHOTO (aBTOHO-
POXHOTO M XEJIe3HOTOPOXHOIO) JIBUXKE-
Hus. B HacTOSImMMiT MOMEHT Yepe3 IIPOJIUB
Bocdop cTpodr TpeTuit THOpUAHBIN Ka-
0eIbHO-BAaHTOBBIN MOCT C LICHTPaJbHBIM
mpoaetoM 1408 m (cM. puc. 3), KOTOPHIA
IIpeayCMaTPUBACT ABYXITYTHOE XKeJIe3HOM0-
pPOXHOE COOOIIEeHNEe M YeThIPe IOJOCH
aBTOJIOPOXHOTO ABMXKCHUS B KaxKIOM Ha-
IIpaBJICHUM.

[IpoGiembl obeneHeHNST KOHCTPYKITAI
JIETKO CHMMAIOTCS ITyTeM YKJIAAKK TPEIOIINX
KabeJreit BIoJIb OCHOBHBIX HECYIITUX DJIEMEH-
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Puc. 2. MpogosbHbie npoguv no ocv CTBOPOB.

TOB. B 0ankax »XeCTKOCTH IPOCKTUPYIOTCS
3aKPBITHIC TTOJIOCTH, TIPOAYBaeMbIe IIPU HEOO-
XOAMUMOCTH TETUTBIM BO3AYXOM (pucC. 4).

PacueTHas Harpy3ka OoT OIBHKHOTO CO-
CTaBa XeJIe3HBIX JOPOT MPH KOHCTPYHUPOBa-
HUM MOCTOB MOXET OBITh CHIKEHa ¢ 14-ro
1o 12-ro xjacca no clieliajabHbIM TeEXHUYE-
CKHM YCJIOBUSIM.

I1pu m00OBIX BapruaHTaX MOCTOBBIX Ilepe-
XOIOB CJICAyeT UMETh ITOJTHYIO M JOCTATOYHO
00BEKTUBHYI0O MH(POPMAILIMIO O pa3IoMax
(pacmonoxXeHue 1 TIIyOrMHA UX pacIIpoCTpaHe-
HUSI) B MECTe HaMeJaeMOTIO CTPOUTEIbCTBA.

TpaHcmopTHOE TIepecedeHue MOPCKOTO
MIPOJIMBA JOJIKHO PErIaAMEHTHUPOBATHCSI HOP-
MaTUBHBIMU JOKYMEHTaMH [4, 5], B KOTOPBIX
OTOBOPEHBI YCIIOBUS IIJIT OOBEKTOB, COOPY-
JKaeMBbIX B paifoHaX (30HaX) CECMUIHOCTHIO
7 6annoB u 6osiee. B cooTBeTCTBUY C ITyHKTA-
mu 7.5.1 1 7.9.1 CII 14.13330.2014 [5] mpu
BBIOOpPE TpacChl TPAHCIIOPTHHIX IIEPEXOI0B
Heo0XoaMMO M30eraTh IepecedeHUi 30H
TEKTOHUUYECKHUX Pa3IoMOB. XOTS HEJb3s
He IMMOHMMAaTh, YTO TaKas peKOMEHI Al
MpaKTUUCCKHM TOYTH Hepeanm3yema. Bece
KpPYIHBIE PEKU MIPOTEKAOT B MECTaX TEKTO-
HUYECKHUX Pa3IOMOB, a TIPOJIMBHI, KaK Ipa-
BUJIO, COBITAAIOT C aKTUBHBIMU 1 HEAKTHUB-
HBIMU MIX 30HAMM.

Bo3MoxxHOCTh mepecedyeHus] TOHHEIEeM
TEKTOHUUYECKUX Pa3JIOMOB, COTJIAaCHO [5],
TOITYCKAETCsI TIPA COOTBETCTBYIOIIEM TEXHU-
KO-3KOHOMUYECKOM OOOCHOBAaHUM U HEU3-
0CXKHOM YBEJTMYCHUN CEICHUST OOICITKM.

B nmpuHIIATIC TOHHETBHBIH TTEPEXOI MOXKET
OBITH BBITIOJTHEH B IBYX BapraHTaXx.

Bapuanm 1. TpaHCTIOPTHBIH MIEPEXO COO-
pyXaeTcss TOHHEJICIIPOXOTUeCKMMU MeXaHH -
3upoBaHHbIMU KoMruiekcamu (TITMK).
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Puc. 3. M6puaHbIii kKabesbHO-BaHTOBbIN
MocT yepe3s nponus bocgop.

OIHO 13 BO3MOXKHBIX PEIIEeHUI — CTPOU-
TEJIbCTBO TPEX TOHHEJIEH: IBYX TPAHCIIOPTHBIX
OJHOIYTHBIX 3KeJIe3HOTOPOKHBIX U CEPBUC-
HOTO MaJIOTO JuaMeTpa.

B nanHOM cirydae cxeMa B3aMHOTO PacIio-
JIOXKEHMST KOHCTPYKTUBHBIX DJIEMEHTOB OyIeT
aHaJIOTMYHA CXeMe, UCIIOIb30BaHHOM Ha T1e-
pexone nox mpoarBoM Jla-Mawi (puc. 5).

ABTOTPAHCIIOPT MEPEBO3UTCS 10 KeJie3-
HOI gopore Ha raTdopmax.

W cxons U3 re0JIorm4ecKoro CTpoeHMs Mac-
CHBa Ha ITpe/IIojiaraeMoii Tpacce TOHHEIbHOTO
Tepexo/ia peaamnsyercs IpUMePHO CIIeayIoIas
cxeMa OpraHMU3aluy CTPOUTENILCTBA.

TToapycnoByio 4acTh ¥ Y9aCTKU, ITPUMBI-
Kalollye K 30HaM OTKPBITOTO BUaa padoT,
TpeaIaraeTcsl CoOopyXaTh IIUTOBBIM CITOCO-
00M BCTPEYHBIMM 3200sIMU (ITPOXOIKA JOJIK-
Ha OJHOBPEMEHHO BECTHCH C OCTPOBHOI
¥ MaTepUKOBOI cTOpoH) Iipu oMoty TTIMK
Ttna MUKCIIuT (mixschield).

ToHHenbHBIE 00EIKM KOMOMHUPOBAH-
HBIe: U3 COOPHBIX BLICOKOTOYHBIX KeJ1e300e-
TOHHBIX OJIOKOB C MOJMMEPHBIMU YIUIOTHU-
TEJIIMU B CThIKAX, a TAKXKE M3 COOPHBIX UyTYH-
HBIX TIOOMHTOB (B MecTaxX MPUMBIKaHUS
K TOHHEJISIM COOEK Y IPUTOHHEJIbHBIX COOPY-
KeHmii). Bo Bcex ciyvasx TOMOJHUTEIBHO
HY>XHA BHYTPEHHSIS TUAPOU3OISIINAS C TIOA-
JIEepXKUBaIOIE HECYILIEU 3alIUTHON MOHO-
JIMTHOM XKeJIe300€TOHHOM pyOaIlkoit.

TIIMK Trna MUKCIIUT UMEET TepMeTHY -
HYIO IPpU3a00iTHyI0 KaMepy ¢ KOMOMHUPOBAH-
HBIM TUIIOM TIpUTpy3a 320051 — pa3paboTKa
TPYHTa MOXKET ITPOU3BOIUTHLCS C TUIPABINYE-
CKMM TIPUTPY30M, C CUCTEMOI MOIAepKaHUS
JIaBJIeHWs Ha 3a00i1 IIPU MOMOIIM CXKaTOTO
BO31yXa, C TPYHTOBBIM IIPUTPY30M, a TAKXKe
(Kax IIpu OTKPBITOM BBIEMKE CKAJTbHBIX TIOPOIT)
C TPaHCIIOPTUPOBKO pa3pabOTaHHOTO IPyH-
Ta KOHBEUEPOM.
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B naHHOM cityyae HEOOXOIMMO UCITOIb30-
BaTh MUKCIIUTHI IBYX MOI(DUKAIINIA:

— JUTSI TIPOXOJIKM C MaTepUKOBOI 4acTh —
MUKCIIUT ITOJKEH OBITh OCHAIIEH TPUIIIIep-
HBIM YCTPOMCTBOM ITOJ YCIIOBHS Pa3pabOTKH
TPYHTOB B TBEPIbIX OPOAAX;

— IIJIS IPOXOJKY C OCTPOBHOM YacTH — Ta-
KHM K€ YCTPOMCTBOM, HO B pacyeTe Ha IPpyH-
THI B OCaIOYHBIX TOPHBIX TTOPOIAX.

TexHOIOTHS IITUTOBOM TTPOXOAKNA MHOTO-
KpaTHO arrpoOrpoBaHa (0TeUeCTBEHHbIC TOHHE-
JISTIPOXOMUYECKHUE OpraHM3aIuid UMEIOT HeMa-
JIBIHA OTTBIT IIPOEKTUPOBAHMS M CTPOUTEIIHCTBA).
B TakoM mcrmosHeHNM TOHHENIb HE OKa3bIBacT
CYIIECTBEHHOTO BIMSHMS Ha OKPYXKAIOIUIYIO
MIPUPOIHYIO CpeIy 1 ITPAKTUICCKU HE 3aBUCUT
OT MPUPOTHO-KIMMATUICSCKUX yciaoBuii. KoH-
CTPYKIINK TOHHEIBHBIX 00/IEIOK 1 XapaKTep NX
3aJI0KEHUS Ha OOJIBIIYIO TJIyOMHY B OTHOPOI-
HYIO TEKTOHMUYECKYIO TUTUTY 00ECIICUNBAIOT UM
BBICOKYIO CeliCMOCTOMKOCTh. Bripouem, Hamo
MMOMYEPKHYTh, YTO MPHU IIATOBOI MPOXOOAKE
YBEJIMIMBACTCS [UTMHA TOHHEIIS.

Bapuaum 2. BogHas tiperpaaa mmpeomoJie-
BaeTCsI IIPY IIOMOIIIN YCTPOICTBA TOHHEIBHBIX
KOHCTPYKIIMA U3 OIYCKHBIX CEKIINMA.

I1epBbIit TOHHETLHBIN TIEPEXO U3 OITyCK-
HBIX cekuuii B EBporte coopyxaincst ¢ 1937
1o 1942 rox Bomm3u Porrepaama (Hunepman-
nel). Termepb 3Ta TEXHOJIOTUS B MUPOBOM
TOHHEJIECTPOCHUHN IIUPOKO M3BECTHA.

B Poccun nmeeTcst HeOOBIIOM OIBIT CO-
OpPYKEHMSI TOHHEJILHOTO TTepexo/ia U3 OITyCK-
HBIX ceK11ii. B 80-¢ ropl ITpoIioro CToneTust
TaKUM CITOCOOOM ObLI MOCTPOEH TOHHEb
B Jlennnrpane Ha Kanonepckuii octpoB. OH
COCTOMT M3 IIECTU CEeKLMIA IIMHOM 1o 110 M,
ceueHueM 13,2 x 7,9 m.

Bonpmroe KornyecTBO MOCTPOCHHBIX
U 9KCIUTyaTUPYEMBIX B MUPE TPAaHCIIOPTHBIX
Mepexoa0B, BKIYAKIIMUX TOHHEIH
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Puc. 4. BapuaHTbi
npoe3sxew 4acTu.

48.60

U3 OMYCKHBIX CEKIIUW, CBUAETEIbCTBYET
0 MPEeUMyIIEeCTBaX TAKUX TPOEKTOB MO CPaB-
HEHUIO C IPYTUMU TUMAMU MOAOOHBIX COO-
pyxeHuii [6-8].

1. OaHO 13 epBbIX MPEUMYILECTB 3aKJTI0-
YaeTcs B TOM, UTO AETAJIbHO pa3paboTaHbl BCe
STarnbl CTPOUTEILCTBA: COOPYKEHUE CEKIIUI,
UX TPAHCTIOPTUPOBKA K MECTY MOTPYXKEHUS,
CMOCOOBI MOTPYKEHMUS.

2. OgHOBpPEMEHHOE TTPOU3BOICTBO OOJIb-
IIOTO KOJIMYECTBA CEKIIMI TOHHES Ha Oepery
U COBMEILEHNE MO0 BPEMEHU 3TAroB CTPOU-
TeJIbCTBA (COOPYKEHUE CEKIIUI, TOATOTOBKA
TpaHILIeU, TPAHCTIOPTUPOBKA CEKIMIA) TO3BO-
JISIIOT CYLIECTBEHHO YCKOPUTH TEMIIbI paboT,
HUCTIONb3YS TIPU 9TOM TEXHOJIOTUYECKUE J0-
CTUXXEHUSI, CBOMCTBEHHBIE COBPEMEHHOMY
MPOU3BOJCTBY XeJIe300€TOHHBIX U3IETUA.

3. CeuyeHure TOHHEJIS U3 OITYCKHBIX CEKIIN I
He JOJIKHO OBITh 00513aT€JIbHO LIMTUHIPUYE-
CKUM (KaK 3TO TpeOyeTcs MpU IIUTOBOM Mpo-
XOJIKE), €CTh BO3MOXHOCTb COOPY>XaTh TOH-
HEeJIU C pa3IuYHbIMU (HOpMaMU MOMEPEUHBIX
CEYEHUM.

4. ToHHENM M3 OIYCKHBIX CEKIIUI TOTy-
CTUMO CTPOUTH MPU JIOOBIX TUTIAX TPYHTOB,
BKJTIOUAs U MSITKME aJITIOBUAIbHbBIE, TaK KaK
JTaBJICHUE CEKIIUI Ha IPYHT BCJIECTBUE O0JIb-
IO MIoIaau ONupaHusl He3HAYUTEIbHO
OTJIMYAETCS OT JaBJIEHUS 3aMELIEHHOIO TOH-
HeJIeM IpyHTa.

5. TOHHEBbHBIN MepPexoa U3 OMYyCKHBIX
CEeKIIU Kopoye repexoaa, COOpyKeHHOTO MpU
nomoitu TIIMK.

ITpu peanu3zanv TOHHEJIBHOTO Mepexoaa
U3 OMYCKHBIX CEKIIUii, IO CYTH, CIEIyeT pe-
LIUTH ABE MTPOOIEMBI.

Bo-nepBbiX, HEOOXOAUMO UCKIIIOUYUTH
JNECTPYKTUBHOE BJIMSHUE COOPYXKAEMOTO
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00BbEeKTa Ha TUAPOJOTUYECKHUE SIBJICHUS
B IIpoJinBe (Pa3MbIBHI aJITIOBHATBHBIX OTJIO-
KEHUI, N3MEHEHNE CKOPOCTEl pa3HOHAa-
MpaBIICHHBIX TEUCHUI), YTO JOCTUTACTCS
3a cUeT 3ariay0JieHHUsT TOHHEJIeH 1 TToCIeay-
JOIIEi 3aCHITIKU TPYHTA IO OTMETKH, COOT-
BETCTBYIOIIIE ITepBOHAYAJIbHOMY YPOBHIO
IHa TpoauBa. Bo3MoXHO TakKe pUIaHue
CEeKILIMSIM BHEIIHE 00TeKaeMOM 3JUIUIICO-
BUIHOI (hOPMBI.

Bo-BTOpPBIX, BO3ACHCTBUE CIBUTOB B 30HE
pPa3IoOMOB MOXHO YMEHBIIUTH, UCIIOIb3YS
CHeINaIbHBIC MPOKIAIKHA MEXIY CEKITUSIMU,
o0ecITeuYnBaloINe TePMETUYHOCTh, OTHOCH-
TeJIbHBIC CMEIIEHUSI U ITOBOPOTHI TOPIIOB
CEeKLIM TOHHeJIel 6e3 MoBpexXaeHUs, 1o
npeaycMaTpuBas mepecedeHus pa3jioMoOB
B OMHOCEKIIMOHHOM HVCIIOJIHEHHNU C TIpeaBa-
PUTETLHBIM 00KaTHeM HallpsiracMoit apMaTy-
poii (3alMILEeHHON OT KOPPO3UHU).

ITo omeHKe peakiuii Ha 3eMJICTPSICEHUS
MOCTOB ¥ TOHHEJIEH Hallo MPeXae BCero KOH-
cratupoBath ciaenyroliee. CoOCTBEeHHEIC Ya-
CTOTHI KOJIeOAaHWI MOCTOB MOTYT IOIIACTh
B 00J1aCTh JOMUHUPYIOIINX YaCTOT 3€MJICTPSI-
CEHUIA, 9TO YpeBaTO BOSHUKHOBECHHUEM PE30-
HAHCHBIX SIBJICHU, CIIOCOOHBIX TTOBPEINUTH
COOpY:KEHHE JaxKe ITPU CITA0BIX CEMCMIIECKIX
Bo3zaeiicTBHSAX. OTMETHM, UTO B palioHE Ipo-
JmBa HeBeJTbCKOTO BEPOSITHBI 3¢MJICTPSICEHUS
cuyioii 9 u 6osee 6asToB Mo ikaize MCK-64.

ToHHeIM B MEHBIIEH Mepe MOIBEepPKEHBI
CelICMUYECKNM BO3IEICTBUSIM, ITOCKOJIBKY
B HUX, B OTJIMYKE OT Ha36MHBIX COOPYKECHUIA,
HEe BO3HMKAeT pe30HAHCHBIX gBlIeHU. [Tpn
MPOXOKICHUM CeCMUYECKIX BOJTH TOHHEIN
IeOpMUPYIOTCS TaK K€, KaK M OKPYKAIOIIHi
WX MacCUB TPYHTA, €CIU TOT TBEPABIA, WA
3HAYNUTEILHO MEHBIIIE, €CITA TPYHT — CIIA0BIA.

Kpyrnoe B. M., Kyp6aukuu E.H., fonne B.P., Tomunoe A. A. lepexop 4epe3 nponue HeeenbCcKoro:
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DT medopMaly MIPEUMYIIICCTBEHHO MaJIbl
W HE TIPEICTABIISIIOT CEPLE3ZHON OMTACHOCTH JUIST
TOHHEJbHBIX O0/IETOK.

OOBIYHO TP OTHOM U TOM K€ 3eMJICTPSI-
CEHUM MHTEHCUBHOCTb CEMCMUYECKOTO BO3-
JIeICTBUS HA MOJ3EMHBIE COOPYKEHUS B 2,5-3
pasza MeHbllIe, YeM Ha Ha3eMHBbIE.

B Hacrosiuee Bpemst B P oTCyTCTBYIOT
COBpPEMEHHbBIE HOPMBI 10 Pacu€Ty cercmMo-
CTOUKOCTUA TPAHCIIOPTHBIX COOPYXECHUM.
B noxymenTe CIT 14.13330.2014 «CtponTesnb-
CTBO B CEMICMMYECKUX paitoHaX. AKTyalnu3u-
poBanHag pemakuusg CHull 11-7-81%» B pa3-
JieJie, perjiaMeHTUPYIOIEM Pacy€T TOHHEEN
Ha CEMCMOCTOMKOCTbD, COIEPXKUTCS BCETO CEMb
nyHKTOoB (0,5 ctpaHmiibl). OTCYTCTBYIOT pac-
YETHBIC CXeMBbI, (DOPMYJIBI, HET peKOMEHIALINI
M0 OLIEHKE CEeCMOOIAaCHbBIX 30H.

Tak kak B palfoHe CTPOUTENLCTBA TPAHC-
nopTHoOro Tepexona Ha CaxaauH BO3MOXHBI
3eMJIETPSICEHUS CBBILLIE AEBSITU OAIOB, HEO0-
XOIMMO CPOYHO pa3paboTaTb HOPMATUBHBIN
JIOKYMEHT, PErIaMEHTUPYIOLIUNA CTPOUTEb-
CTBO TPAHCIIOPTHBIX COOPYKE€HUU B CEMCMO-
OITaCHbBIX 30HaX.

B MUUT na kadenpe «MoOCTbI U1 TOHHE-
JIN» ITATEIIbHOE BpEeMsI IIPOBOASTCS HAyIHBIS
Hcciel0BaHUS MO OlLleHKE BO3AEUCTBUU
3eMJIETPSICEHMI Ha TPAHCIIOPTHBIE COOPYXKE-
HUs. BeimonHeH aHaIM3 3apy0esKHBIX HOP-
MaTMBOB Y MOATOTOBJIEH MaTepua Ijsl Co-
3maHus heaepaTbHOTO HOPMAaTUBHOTO TOKY-
MEHTa O TPAHCMOPTHOM CTPOUTEIbCTBE
B palioHaX C MOBBIMIEHHON CEMCMUYECKOU
aKTUBHOCTBIO.

J1 TpUHSATUS OKOHYATEJIbHOTO pELIeHUS
MO TPAHCHOPTHOMY MEPEXOIy Yepe3 MpPOJUB
HeBenbckoro TpedyeTcs TPOBECTH TIATETb-
HbI€ UH>KEHEPHO-T€0JIOTUYECKUE U3bICKAHUS

Puc. 5. Cxema pacrnosoxeHus
TPaHCMOPTHbIX U TEXHOJIOTMYECKNX
TOHHeevi noa nposavusom Jla-MaHLu.

C UCMHOJIb30BAHUEM COBPEMEHHBIX CHUCTEM
nIyOrmHHOTO 30HAMpoBaHus. CiemyeT pa3pa-
00TaTh ABa ATbTePHATUBHBIX 3CKU3HBIX IIPO-
€KTa: MOCTOBOI 1 TOHHEJIbHBIN. DTH TPOEKThI
JIOJKHBI OBITH OLICHEHBI HE TOJIBKO ITO CTPO-
UTEJIbHOW CTOMMOCTH, HO M 9KCILTyaTalluOH-
HBbIM 3aTpaTaM, HaJaeKHOCTU U CPOKaM OKY-
MaeMOCTU UHBECTULIUTA.
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CROSSING OVER NEVELSKI STRAIT: POSSIBLE SOLUTIONS
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Hoppe, Vitaly R., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.
Tomilov, Anton A., Moscow State University of Railway Engineering (MIIT), Moscow, Russia.

ABSTRACT

Continuing research that has been conducted by
Russian leading transport universities for many years
on prospects of development of railways and roads
of eastern direction [1] in Russia, the authors propose
a solution to the problem of transport crossing over

Keywords: transport crossing, sea strait, Sakhalin

conditions, design alternative, railways.

Background. According to well-known literary
sources, Sakhalin was opened by the Cossacks of the
detachment of lvan Moskvitin in XVII century. At the
end of XVIll century, Jean Frangois de Galaup, comte
de Lapérouse (also written as La Pérouse - ed.note),
moving north along the Tatar Strait, discovered that
the Strait is becoming smaller and smaller. The ab-
sence of sea current led Lapérouse to the conclusion
that in the north Sakhalin Island is connected to the
mainland. This conclusion was confirmed later by
Englishman W. Brighton and Russian navigator
I. F. Kruzenshtern. Only in 1849 G. I. Nevelsky mana-
ged to get on the water along the western coast of
Sakhalin.

After Sakhalin was recognized as an island, dis-
cussions began of how to connect it with the mainland.

There were different projects:

« sluice-turbine-valve dam (hydroelectric power
station);

« dam with a gateway device for the passage of
vessels;

« underwater tunnel crossing;

« bridge crossing.

Engineering and geological conditions in possible
areas of transport crossing are very different for
mainland and island parts. On the mainland igneous
rocks prevail, on the island — sedimentary, going into
the Strait to a depth of tens of meters. Different geo-
logical structure of continental and insular parts of the
Strait presupposes the existence of a tectonic fault
(perhaps even several). The high seismicity of the
region(more than eight points) has a great probability
of shear effects on faults, which should be taken into
account when designing transport crossing.

Climatic factors, which also determine construc-
tion conditions, especially in the winter, are very harsh:

Pic. 1. Leading lines of transport
crossings.

Nevelski Strait from the mainland to the island of
Sakhalin. Options and approaches are justified, the
alternative «bridge—tunnel» is evaluated, suggesting
projects with a high degree of engineering
elaboration, environmental safety, economic
readiness and investment responsibility.

Island, Nevelski strait, tunnel, bridge, geotechnical

wind storms, blizzards, intense snowfalls, structural
icing, ice phenomena.

The hydrological situation is characterized by the
change in current’s direction in the strait, its high
speed, tides, significant alluvial deposits and their
erosion.

Objective. The objective of the authors is to
propose a possible engineering solution to the prob-
lem of transport crossing over Nevelski Strait.

Methods. The authors use general scientific and
engineering methods, simulating, evaluation ap-
proach, comparative analysis.

Results. In previously conducted geological,
hydrometric surveys three leading lines of transport
crossing location were planned (Pic. 1). In 2013,
«Giprostroymost» offered a leading line «<news».

The longitudinal profiles of the axis of leading
lines — «middle», «southern» and «new» — are shown
in Pic. 2. For the further development the institute
«Giprostroymost» offered a leading line «middle» as
having a certain symmetry and minimum length.
Preliminary project designs of a single-track railway
bridge were also carried out [2].

Proposals focus on the design of simple frames.
In the first option scheme is adopted with two con-
tinuous spans (2 x 330 m); nine continuous spans
(2x220 m); two single spans with the length of 220 m;
a single-span structure with the length of 110 m and
two beam spans of 33,6 m. The total length of the
bridge is 5948,04 m. Number of intermediate piers is
26.

In the second option: two continuous spans (2 x
330m); six continuous spans(2x220m); 17 single-span
frames with the length of 110 m and two beam spans of
33,6 m. The total length of the bridge is 5960,04 m. The
number of intermediate piers is 34.

Northern

Middle

Southern
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" Southern

In our opinion, both options in this version do not
solve all problems of reliable traffic for many years
between the mainland and the island. The construc-
tions of transport communications must be adopted,
providing two-track passage of rolling stock, as well
as necessary road traffic flows.

In principle, the design solutions of spans of the
first option (for its size: the height of frames, the dis-
tance between their axes) are possible for the ar-
rangement of the second tier for car traffic and inter-
nal dimensions could provide a double-track rail
connection.

The second option in its characteristics is not
suitable for such a decision, since standard 110-me-
ter spans by their dimensions are designed for single-
track bridges. The increase in number of intermediate
piers as compared to the first option (from 26 to 34
units) will cause complex erosion processes in the
bed, and it is unpredictable how they will affect in
future alluvial deposits in the strait.

Both options do not meet external climatic factors.

Firstly, the inevitable strong icing on numerous
elements of lattice spans in the winter.

Secondly, significant seismic activity in the region
possibly followed by an earthquake could generate a
shift of tectonic plates of mainland and island parts.
At the very least, we must not reject this assumption,
which could affect the life of man-made structures.

Ificing issues are disallowed, then, in our opinion,
in the design of the bridge it is viable to use continuous
spans (2 x 330 m), which will reduce the number of
intermediate piers up to eighteen.

Solution of mentioned problems can be achieved,
we believe, also due to other design schemes, inclu-
ding those already known in the world. Tectonic
fractures in the area of transport crossing as a threat
are extinguished with cable (hanging) or hybrid cable
beam (Pic. 3) systems. Our studies have shown that
such systems are effective to skip the train load on
the spans of a thousand meters or more.

In world practice of bridge building were de-
signed, constructed and are being built dozens of
cable three-span bridges with central spans of 1000
to 2000 m or more [3]. Some of them provide a pas-
sage of combined (road and rail) traffic. Currently,
through the Bosphorus strait the third hybrid cable
beam bridge is being built with a central span of
1408 m (see. Pic. 3), which provides a double-track
rail connection and four lanes of road crossings in
each direction.

Problems of structural icing are easily removed
by laying heating cables along main load-bearing
elements. In cable-stayed girders closed cavities
are projected blown by warm air if necessary
(Pic. 4).

Pic. 2. Longitudinal profiles on
leading lines’ axis.

Design load of railway rolling stock in the con-
struction of bridges can be lowered from the 14" to
the 12" class according to specially applied techni-
cal requirements.

In all versions of bridge crossings it is necessary
to have sufficiently complete and objective informa-
tion on fractures (location and depth of their distribu-
tion) at the site of the planned construction.

Transport crossing of the sea strait shall be gov-
erned by regulations [4, 5], which specify the condi-
tions for facilities constructed in areas (zones) with
seismicity of 7 points or more. In accordance with
paragraphs 7.5.1 and 7.9.1 SP 14.13330.2014 [5]
when choosing a route for transport crossings it is
necessary to avoid intersection zones of tectonic
faults. Although it should be understood that such a
recommendation is practically almost unrealizable.
All major rivers flow in areas of tectonic fractures and
straits generally coincide with their active and inac-
tive zones.

The ability of tunnel intersection with tectonic
faults according to [5], is subject to respective fea-
sibility study and the inevitable increase in cross-
section of the face.

In principle, the tunnel crossing can be imple-
mented in two options.

Option 1. The transport crossing is constructed
with mechanized tunnel boring complexes (MTBC).

One possible solution is construction of three
tunnels: two transport single-track railway and ser-
vice one of small diameter.

In this case the scheme of relative position of
structural elements will be similar to the scheme used
in the passage under the English Channel (Pic. 5).

Vehicles are transported by rail on the platforms.

Based on the geological structure of the array on
the proposed route of tunnel crossing approxi-
mately this scheme of construction is realized.

And underflow part and areas adjacent to areas
of open type of work, are proposed to be constructed
with shield tunneling driving from both ends (excava-
tion work should be carried out simultaneously from
the island and the mainland sides) using MTBC
mixschield type.

Tunnel linings are combined: they can be made
of prefabricated high-precision concrete blocks
with polymer seals in joints as well as of prefabri-
cated cast-iron liners (at the junction of cross
headings and tunnel structures to the tunnels). In
all cases, additional internal waterproofing with
supporting bearing monolithic reinforced concrete
protective jacket is required.

MTBC mixschield type has a sealed bottom hole
camera with a combined type of bottom hole cant-
ledge - soil excavation can be carried out with hydrau-
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In the 80ies of last century a tunnel was built in
Leningrad to Kanonersky island. It consists of six

Pic. 3. The hybrid cable beam bridge over Bosphorus
strait.

lic cantledge, with the system for maintaining pressure
on bottom hole by means of compressed air, with soil
cantledge, as well as in the open cut of rocks with
transportation of excavated soil by a conveyor.

In this case, it is necessary to use mixschields of
two modifications:

— For driving from the mainland — mixschield
must be equipped with a gripper device for extraction
of soils in hard rocks;

— For driving from the island part — it should be
equipped with a gripper device intended to be used
in sedimentary rocks.

Technology of shield driving was repeatedly
tested (domestic tunnel-boring organizations have
considerable experience in design and construc-
tion). In such an embodiment the tunnel has no
significant effect on the environment and practi-
cally does not depend on climatic conditions. Con-
struction of tunnel lining and the nature of their
embedding to a great depth in the uniform tectonic
plate provide them with a high seismic resistance.
But it must be emphasized that the shield driving
increases the tunnel length.

Option 2: a water obstacle is overcome by tunnel
constructions made of immersed tubes.

The first tunnel crossing of immersed tubes had
been built in Europe from 1937 to 1942 near Rot-
terdam (Netherlands). Now this technology in the
world tunneling is widely known.

In Russia, there is little experience in the con-
struction of a tunnel crossing of immersed tubes.

Pic. 4. Options of
roadway.

sections with the length of 110 m, cross-section of
13,2x7,9m.

Worldwidely a large number of built immersed
tube tunnels prove the advantages of such projects,
compared with other types of similar structures [6-8].

1. One of the first advantages is that all construc-
tion stages are developed in detail: construction of
sections, their transportation to the diving site,
methods of diving.

2. The simultaneous production of a large num-
ber of sections of the tunnel on shore and combing
of construction stages timing-wise (construction of
sections, trench preparation, transportation of sec-
tions) can significantly accelerate the pace of work,
using technological advances inherent in modern
production of concrete products.

3. The cross-section of immersed tube tunnel
should not necessarily be cylindrical (as required by
the shield driving), it is possible to build tunnels with
different cross-sectional shapes.

4. Immersed tube tunnels can be builtin all types
of soil, including soft and alluvial, since the pressure
of sections on the soil due to the large bearing area
is slightly different from the pressure of soil substi-
tuted by the tunnel.

5. Tunnel crossing of immersed tubes is shorter
than a crossing, built using MTBC.

Inimplementing immersed tube tunnels, in fact,
two problems should be solved.

Firstly, itis necessary to eliminate the destructive
effect of the object being built on hydrological phe-
nomena in the strait (washouts of alluvial deposits,
change in the speed of multidirectional currents),
which is achieved due to the deepening of tunnels
and subsequent soil backfill to the level correspond-
ing to the original level of the bottom of the strait. It
is also possible to give sections outer streamlined
ellipsoid shape.

Secondly, the impact of changes in the fracture
zone can be reduced by using special gaskets bet-
ween the sections to ensure tightness, relative dis-
placement and rotation of the ends of the tunnel
sections without damage or possible intersection of
faults in a single-section design with a preliminary
compression by prestressing reinforcement (pro-
tected against corrosion).

48.60
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According to the responses to the earthquake of
bridges and tunnels it is necessary to state the follow-
ing. The natural frequencies of bridge vibrations can
get into the dominant frequency range of earth-
quakes, which is fraught with appearance of reso-
nance phenomena that may damage the building,
even with weak seismic impacts. Note that in the area
of Nevelski Strait earthquakes of more than 9 points
on the MSK-64 scale are possible.

Tunnels are less susceptible to seismic effects,
since they, in contrast to aboveground facilities, have
no resonance. With the passage of seismic waves
tunnels deform as well as an array of surrounding soil
if that is hard, or much less, if the ground is weak.
These deformations are mostly small and do not pose
a serious danger to the tunnel lining.

Usually as a result of the the same earthquake,
intensity of the seismic impact on underground struc-
tures is by 2,5-3 times less than at the surface.

Currently in Russia there are no standards for the
calculation of resistance of transport facilities to on the
seismic effects. The document SP 14.13330.2014
“Construction in seismic areas. The updated edition of
SNIP II-7-81%*" in the section regulating the calculation
of seismic stability of tunnels, provides a total of seven
points (0,5 pages). There are no design diagrams,
formulas, no recommendations for evaluation of seismic
regions.

Since in the area of construction of transport
crossing earthquake over nine points can occur, there
is an urgent need to develop regulatory documents
governing the construction of transport facilities in
seismic regions.

In MIIT department of Bridges and Tunnels
have for a long time conducted research on the
assessment of the effects of earthquakes on trans-
port facilities. The analysis of international stand-
ards was conducted and necessary material was
prepared for creation of Federal Regulations of
transport construction in areas with high seismic
activity.

Conclusion. In order to make any sort of a final
decision on the transport crossing over Neveski Strait
it is required to carry out detailed geological and
engineering research using modern systems of deep
probing. It is necessary to develop two alternative
draft designs: bridge and tunnel. These projects
should be evaluated regarding not only the construc-
tion cost, but also operating costs, reliability, and
payback period.
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