TEXHOJIOrnmn HNHkeHepHO-CTPOUTEIBHBIN sKypHaJ, Ne7, 2009

MpuMeHeHne 3aLLUMTHBIX 3KpaHOB 13 TPyD Npu CTPOUTENLCTBE

NOA3eMHbIX coopykeHun B CaHkT-INeTepbypre

AcnupaHm O.M. Jlbeoga*,

OY CaHkm-lNemepbypackuli 2ocydapcmeeHHbIU NonumexHU4YecKul yHugepcumem;
Ha4vanbHUK omadeJsia MoHHeJIbHbIx coopyxeHul K.FO. lNasnoeuy,

'Yl «JleHaunpoOUHXpoeKm»

Yacto BO3HMKaET ﬂOTpe6HOCTb B CTpouTesibCTBE NOA3EMHbIX COOpy)KEHMVI (ﬂeLLIeXOﬂ,HbIe nepexoabl,
ABTOOOPOXHbIE TOHHEINW, CTaHuuun MeTpOI'IOJ'IVITeHa) B YyCrnoBudax NIOTHOM FOpOD,CKOI7I 3aCTpOl71KI/I, a TakKke noa
aBTOOOPOXHbIMU U XKeJNe3HOOO0POXHbIMKN Marnctpanamu. OcHOBHasi CNoXHOCTb B peanunsauunn Nnoao6HbIX NPOEKTOB
3aKIiro4yaeTcd B TOM, YTO pa6OTbI OOJDKHbI MPOMN3BOANTLCA B CITOXHbIX reoJfiorm4eCkmnx ycrnoBuax CaHKT-I'IeTep6ypra.
HeobxogumMocTb CBeCTU K MUHUMYMY OCaKu OHEeBHOWN NOBEPXHOCTU CTAaHOBUTCA rnaBHon 3agadver. OnNTMManbHbIM
peweHnemMm npu CTpoUTENbCTBE TaKUX 00BLEKTOB ABMsieTCst npumeHeHne onepemalou.l,eﬁ orpam,u,arom,eﬂ Kpenu

(akpaHa).

KOHCTPYKTVBHbIM HasHa4YeHUEM 3KpaHa SIBMSIETCA NpeaynpexaeHne 1 MMHUMK3auus gedopmaunii u npocagok
NMOBEPXHOCTU, PACMOSOXKEeHHON Ha[ CBOAOM TOHHENS B NEPUO ero NpoXoaKn U KpenmneHust.

CyLLecTBYHOT pasnuyHble mogudmkaumm aToro cnocoba, otnuyaroLmecs matepmanom, opmMon 1 pasmepamm
9KpaHa, cnocobamm BO3BeEeHNA, Hann4nem mnn oTcyTcteBmeM 3aMKOBbIX 3J1EMEHTOB U Op.

Mo TNy 3alinTHbIe 3KPaHbl NoApa3aenAatoT Ha:!

MeTannnyeckmne akpaHbl n3 Tpyo;

Xene3obeTOoHHble 3KpaHbl U3 Tpyo;

3KpaHbl U3 CTabunManpoBaHHOIO 3aKPEnseHHOro rPYHTa;
3KpaHbl U3 onepexatoLen 6eToHHOM Kpenwu.

|_|pl/l yCTpOI7ICTBe 3KpaHOB NPUMEHAIOT crneayruwine TeXHoNnormn4eckme cnocoobl:

npoaasnMBaHne Unun Npokos Tpyd mManoro agnameTpa;

ropusoHTanbHoe bypeHue;

Hape3aHue (cpesepyowum unm G6apoBbiM paboyum opraHoMm) Lienen anuHon o 3—4 M U BbICOTOM
12-20 cm 1 Gonee;

LLMTOBYIO MPOXOAKY BbIpabOTOK Manoro gMameTpa;

MUWKPOTOHHENnpoBaHue.

Haunbonbluee pacnpocTpaHeHme Nonyvmnm akpaHbl U3 cTanbHbIX TPYO, 3anofnHeHHbIX 6ETOHOM C apMaTypPHbIMUI
Kapkacamu.

TexHonornsa cTpouTenbCTBa BbIpabOTOK MoA 3alMTON 3KpaHa M3 TpyOd COCTOUT M3 CreaytoLlmMxX OCHOBHbIX

3Tanos.
1.

npOXO,EI,Ka BCromMoraTtenbHom Bblpa60TKM (KOTJ'IOBaHa nnn LLIaXTbI), B KOTOPYK YyCTaHaBl1MBaeTCAd

HeobxoanMoe obopyaoBaHMe ANs co3aaHUs aKpaHa — BypoBble U JOMKpaATHbIE YCTaHOBKM.
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PucyHok 1. Cnoco6 coeanHeHus Tpy6: 1 — TpyObl; 2 — 3aMKOBbIe COeAUHEHUA
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2. YCTPOWCTBO OnepexaroLLen 3awmTHon kpenu. CtanbHble TpyObl NpogaBnMBatoT Hag nepekpbiTueM nnbo
no BCEMY NepuMeTpy BOONb OCU BbIpaboTKn. B yCcTOMYMBLIX rpyHTax MX pacnonaratoT ¢ 3azopamu 15-20 cm.
Mpu npogaBnmBaHun TpyO B HEYCTOMYMBBLIX TPYHTAX UX COEAMHSIOT Mexay COOOM C MOMOLLbI 3aMKOBbIX
YCTPOMCTB MO Tuny wnyHTa (puc. 1). B aTom cnyyae gocturaeTtcs noBbileHME TOYHOCTW 3a4aBfvBaHWA U
YNpOLLAETCa KOHTPOMb, TaK Kak 3aMKOBble YCTPOWCTBA CryXaT HanpaBnsioWMMK ANS BHOBb HagaBnvMBaeMblX
Tpyb, cokpallaeTcsi NoCTynneHme Boabl CKBO3b 3kpaH. [Nocne 3aBeplieHnst paboT no npogaenMBaHuio TPyObl
3anonHaT 6eTOHOM.

3.  Paspa6oTtka, norpyska v yganeHue rpyHTa nop 3allMTON roTOBOro 9KpaHa. BblipaGoTKy BO3BOAAT C
noAkpenreHnem aKkpaHa 3axoKkaMun, COOTBETCTBYIOLLMMU LLAry cTarnbHbIX apok.

4, Bo3BeaeHve NoCTOSAHHOW Kpenu.

Mpu coopyXeHun HeOOMbLUMX TOHHENEN MENKOro 3aroXeHus TpyObl 3KpaHa NpPOAaBMNMBAOTCS HA BCKO ANVHY
COOPYXXEHWS U pacronaratTcs napannenbHO HanpaeneHuto npoxodku. C obenx CTOPOH 3KpaH Yalle BCEro XXeCTKO
3agenaH B npunopTanbHble CTanbHble pambl MO0 xene3obeToHHble MopTanbl. TEXHONOrMa NPOXOAKW MO3BONAeT
BO3BOAMTb BbIpabOTKM pasnnyHbIX oopm 1 ceveHun annHon go 80-100 M. YBenuueHme AnuvHbl 3KpaHOB MOXET ObITb
OOCTUTHYTO COOPYXXEHUEM MPOMEXYTOYHbIX KOTIIOBAHOB ANS 3ag4aBnvBaHus (puc. 2).
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PucyHok 2. Cxema akpaHa u3 Tpy6: 1 — Tpy6bl; 2 — nog3emHas BbipaboTka; 3 — KOTNOBaH; 4 — ynopHas
nnowazaka; 5 — goMKpar

TexHonormsa BO3BEAEHUS OMepexarLen Kpenu Mpu CTPOUTENLCTBE COOPYXXEHUA TIyOOKOro 3anoxeHus
HEMHOro oTnmyaeTcs oT npedpiaywien. OnepexaroLme aKpaHbl CO34alTCA HEMOCPEACTBEHHO M3 3ab60si Noa3eMHON
BbIpaboTKM nyTemM OypeHUs HaKMOHHLIX (PEeXe ropM30oHTalbHbIX) CKBaXXMH M 3af4aBnuBaHus B HUX Tpy6. CKBaXMHbI
3abypuBatoTca nog yrrinom 4—6° K ocu MoA3eMHOM BblipaboTkM. JkpaHbl ycTpavBalT cekumsamum no 10-15 m ¢
nepekpbITuEM cocegHnx cekumm Ha 1-3 M. B Takom cnydae Tpyba C OOHOW CTOPOHbI OMNMPaeTCa Ha
yrnpyronogaTnueyo oOnopy (pamy BpPEMEHHOro KpenneHus), a ApyruM — Ha CcucTeMy noAdaTnuBbIX Onop,
MOOENUPYIOLLNX HEHaPYLUEHHbLIN FPYHT NPpU3abonHON 30HBbI.

Ons npogasrinBaHnA pr6 N n3BnedvyeHna U3 HMUX rpyHTa, coeuHeHna 3BeHbeB pr6, 3anosiHeHns x 6eToHOM
NPpUMEHAKT cneunann3nposaHHoe o6opy/:|,0|3aH|/1e. Hanbonblee npumMmeHeHne nony4vyunnm mexaHn3npoBaHHbIE
YCTaHOBKM LO51A MpOKOoNa, npogaBnnBaHUA, ropu3OoHTallbHOro 6ypeH|/|$|, MUKPOTOHHENNPOBaHNA, OCHOBAHHOIO Ha
npogassinBaHnUn pr6 BCnen 3a ynpasndemMbiM LWNATOBbIM MPOXOAYECKUM KOMMJTEKCOM.

OOgHUM 13 NMpUMMEPOB MPUMMEHEHWS 3aLLMTHBIX 3KPAHOB M3 TPYO MOXET CNYy>XUTb aBTOOOPOXHbIA TOHHEIb
yyacTtka KALl B ctBope TOKCOBCKOW Yr., y4acTok oT Mprnosepckoro wocce 4o aBToMobunbHon goporn «Poccusy.

VH)XeHepHbIN NPOEKT CTPOUTENBLCTBA ydYacTka aBTOAOPOXHOIO TOHHENsS B CTBOpPE TOKCOBCKOM YNnuubl B 30HE
nepecevyeHus xenesHogopoxHbix nyten n KAL Bokpyr CaHkT-lNleTepOypra, coopyXaemoro «OTKPbITbIM» CMOCOO0OM
paboT, paspaboTtaH Hay4dHo-uccnegosatenbckuM WUHCTUTYTOM OAQO «JleHmeTpornnpoTpaHcy». [lpoekT y4acTka
TOHHENs, MNpPOXOoAsLIero HenocpeacTBEHHO MOA KENe3HOAOPOXHbIMUM NYTAMM M COOPYXXAEMOTrO  «3aKpbITbIM»
crnocobom paboT, paspabotaH OO0 «Kocmoc Cl16».

ToHHenb npegycmMoTpeH Ana opraHn3aumm 4eTblpexnosioCHOro aBTOMODOUIBHOrO ABUXKEHUS (I'IO ABeE MoJocChbl B
KaXXgoMm Hal'lpaBJ'IeHI/IM) M newexonHoro nepexona 4yepes XKerne3Ho4oPOXKHbIe NyTu.

TOHHENb pacnosioXeH B NnaHe B CTBOpe NpoareBaemMolri TOKCOBCKOM ynuubl, nepecekaeT nytn OKTAOpbCKON
XenesHow goporn u npoxoguT nog actakagon KA. B coctaB TOHHeNs BXOAWUT 3aKPbIThbI U pamMnoBbl€ YYacTKU.
OnnHa pamMnoBbIX Y4acTKOB OrpaHMYeHa CyLLEeCTBYIOLLMMMK MEPEKPECTKAMM, Kak CO CTOPOHbI ropoda, Tak M Co
CTOpOHbI oObrnactu. [nvHa 3akpblTon 4Yactu — 184m, M3 koTopbix 50,2M (HEnocpefgCcTBEHHO MO HUTKaMu
YXEeNne3HOOOoPOXKHbIX MYTEN) COOpY>KaeTcs FOPHLIM CNocobom.
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Mpy aToM BenuunHa AecbopMaumii XKene3HOOOPOXHbIX MyTel He AOMKHA NpeBbILaTh A0MYCTUMbIX OTKIIOHEHNI
OT HOPM COAEpPXaHUsl KENe3HOAOPOXHbIX MyTeW, cornacHo «WHCTpykuMM Mo TeKyllemy codepXKaHuto
)KENe3HOOOPOXKHOIrO MyTW»: BENUYMHA CTEneHeil OTCTYMJieHVsl MO LUMPWHE KOMeW He [OoShKHa MpeBblwaTb Mo
YLWMPEHWIO +6 MM U MO CyXeHuto — 4 mm (n. 2.2.2, Tabn. 2.3 [4]); BENUYMHA OTCTYNSIEHUss Mo ypoBHO — 10 MM,
nepekocy — 12 mm, npocagkam — 12 mm (n. 2.2.2, Tabn. 2.4.[4]).

eHepanbHbiM nogpsaguukom BbicTynun OO0 «Kocmoc». B kavecTBe cybnogpsgHow opraHusauum no
CTPOMTENbLCTBY y4acTKka OTKpbITOro cnocoba pabot — OAO «MeTpocTpom».

NHxxeHepHo-reonormyeckne YycrnoBus CTPOUTENbCTBA CHOXHblE. TOHHENb MO BCEW AfMHEe 3aneraetr B
HEeYCTOMYMBbLIX BOOOHACHILLEHHbIX FPyHTax (CynecsiX, neckax, CyrnvHkax). bbino nNpuvHATO pelueHne O COoopyXeHUM
TOHHENs MoA 3allMTON onepexatowen kpenu m3 Tpyd avametpom 1020 m 800 mm. [NpeumyliectBamu Takow
TEXHONOMMMN ABMSETCS BO3MOXHOCTb BECTU paboTbl MO CTPOMTENbCTBY 6€3 nepepbiBa ene3HO4OPOXKHOIo ABMKEHUS
N MUHUMarbHOE BNMSIHWE TOHHENS Ha XXene3Ho40pOoXHOe NOMoTHO.

OkpaH 13 Tpyb coopyxarncs no Bcemy NepumeTpy TOHHeNs MeTOoAOM MMWKPOTOHHENUPOBaHMs. B kadectse
OCHOBHOIO 00OpPYyAOBaHUSA MNPUMEHEHbI TOHHENEenpoxogyeckue MexaHM3UpoBaHHble KoMmMnekcbl Mapkm AVN
(AVN-800, AVN-1000), paspaboTaHHble u narotoeneHHble pupmort HERRENKNECHT (F'epmanus). CtaneHble TpyObl
3afaBnvBanuCb BCrief 3a NPOABMKEHMEM LUMTA 3axodkamu no 6 m (no gnvHe Tpybbl). Mocne coopyXeHust akpaHa
AN NpUOaHNst XKECTKOCTU KOHCTPYKUMM ObINKM BbINOSHEHbl paboTbl MO YCTPOMCTBY CTanbHbIX MOPTanbHbIX pam M
©eToHupoBaHuio nopTanos (cm. puc. 3). Ana nogaepxaHna nba 3abos B HEYCTOMYMBBLIX FPYHTaxX ObINO BbIMNOMHEHO
WHbeuMpoBaHMe Tena TOHHENS LeMEHTHbIM PacTBOPOM MO TexHonorun «jet-grouting».

Pt/ \ i 4

PucyHok 3. Baska apmaTtypbl U MOHTaX onanyoku ans PucyHoK 4. YCTPOMCTBO HaKNagokK Ha 3KpaH n3
6eTOHMpPOBaHUA NOPTaNoB Tpy6 Ans ruaponsonsALmMn TOHHens

PaspaboTka rpyHTa nog3emMHoOM 4acTu Benacb MO Crnegyllen TEeXHOMOorMu: npyv noMOLLM 3KCKaBaTopa
paspabaTtbiBanacb NWNOTHas pasBefouvHasl LUTOMbHS; danee npousBoAunach Hapeska Lernerm C YCTaHOBKOW
BPEMEHHOro KpenneHus. [pyHT paspabatbiBancsa 3axogkamu no 3 M ¢ YCTaHOBKOW MeTann4ecknx pam KpenneHus us
OBYTaBpPOBbIX Oanok.

[nsi CHWXeHMs NOCTYNNeHns BOAbl B TOHHENb W HAHECEHUS MAPOU30NALMKU Ha 3KpaH n3 Tpybd HaBapuBanucb
cTanbHble Haknagku (puc. 4).

Cymmaprle ocagku nyTe|7| Nnpu COOPYKEHNN TOHHENA He npeBblllanmn 12 mm.

[pyroii npumep NPUMEHEHUSI TEXHOJOIMMM OMEepexarolWenn Kpenu — pacliMpeHne TOHHENbHbIX Mepexoaos
cTaHumm mMeTpo «KynumHo» neTepGyprckoro meTpononuteHa (puc. 5).

MoasemHble newexogHble nepexodbl y cTaHuum meTpo  «KynumHo» BO  PpyH3EHCKOM  paioHe
CaHkT-lNeTepbypra Obinnv noctpoeHbl B 1974 r. OHM cnyxunm Ons nporycka naccaXupoB METPOrnonmMTeHa U
NMOA3EMHON >XENe3HOLOPOXHOM CTaHumMm «KynuuHo», a Takke Ans obecneveHus cBsa3n mMexay MoCKOBCKUM U
®pyH3EHCKMM panioHaMKu, KOTOpble Pas3gensioT XKene3HoO4OPOXKHbIE NyTU. YBENMYeHne naccaXXvMponoToka Bbi3Basio
Heob6X04MMOCTb pacLUMPEHUS CYLLIECTBYIOLLMX MOA3EMHBIX NEPEXOLO0B.

I'IpoeKTMpyeMble newexogHble TOHHEeNn npoxoaAaAT BAOOJIb CYLLEeCTBYWLMX noa ABYMA Xene3HOO4OPOXHbIMU
HUTKaMun nyIJJKI/IHCKOFO HanpaBrieHna Ha pacCTOoAHUN 1,5M oT nogowsbl penbcoB, B CBA3N C 4YeEM Tpe6yeTC$1
npumMmeHeHune wagaLimnx cnocoboB CTPOUTENNbCTBA.
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[eTepOypre
8



HNHkeHepHO-CTPpOUTEIBHBI KYypHaJ, Ne7, 2009 TEXHOOrMun

CTpouTenbCcTBO npegnonaranocb BeCTU 6e3 nepepbiBa >KENE3HOLOPOXHOIO ABWXEHMUST U NepeHoca nyTew.
VIHXXEHEpPHbIN NPOEKT CTPOUTENbCTBA NELEXOAHOro TOHHeNsT paspaboTaH MHCTUTYTOM YT «JIeHrMnponHXnpoekTy.
3akasuuk — YT «MocTtoTpecT», reHepanbHbii nogpsgumk — 000 «MAK».

PucyHok 5. NoaseMHble newexogHble nepexonbl Ha CT.M. PucyHok 6. CoopyxeHune
«KynunHo» newexoAHoro nepexoaa

[na ycTtponcTBa 3KpaHa wucnonb3oBanacb OypolHekoBas ycTaHoBka ¢upmbl DitchWitch JT 4020,
yCTaHOBMEeHHas B paboyem koTnoBaHe. CTanbHble Tpybbl gnameTpomM 325 MM npogaBnuBanncb B rPYHT Bcneq 3a
paboyMm opraHom GYpOBOW YCTAHOBKM MpW MOMOLLM OOMKpATOB Ha AnvHy 19,7 m 3axogkamu no 1 M. Mexay cobon
cocefHue Tpybbl coeanHeHbl 3aMKOBLIMU YCTPOMCTBaAMUK 411 NMOBbLILLEHWUST TOYHOCTU 3aaaBnmBaHus. Mepen Hadanom
NMPOXOAKN TOHHENs1 Mpou3Bogunacb obBepTka 3kpaHa M3 TPYO C HapyXHOW M BHYTPEHHEW CTOPOHbI pamamun K3
OBYTaBpOBbIX 6anoK Co CTOPOHbLI paboyero 1 NPUEMHOro KOTNoBaHORB. Mpoxoaka TOHHENS Benach BPYYHYH YCTYMHbIM
cnocobom ¢ oTcTaBaHveM 3abosi Ha OAHy 3axoAKy OTOOMHBbIMM MOSIOTKAMKU MNo4 3alWwMTOM paM U3 COBOEHHbIX
aBytaBpoB Ne24, yctaHoBneHHbIX ¢ warom 1,6 m. Kpennenne nba 3abosi OCyLLeCTBNSANOCHL TENECKONMYECKMMM
TpybGamu ¢ 3abmpkoi n3 Jocok (cm. puc. 6). Ocagku nyten coctaBunu 6—10mm.

TexHonorusa Npoxoaku Mof 3alMTON 3KpaHa TaKKe LUMPOKO UCMONb3yeTCsl MPU CTPOUTENBCTBE CTaHLIMOHHBIX
ToHHenen [letepbyprckoro meTpononuTeHa. Hanpumep, Tak CTpounMcb CTaHuuMu  AgmupanTtenckas W
3BeHuropoackas.

OnbIT nokasbiBaeT, YTO NPUMEHEHNE TEXHOJIOTMN CTPOUTENLCTBA TOHHENEW Mof 3aliMTon 3KpaHa u3 Tpyb
SIBNSieTCA BO3MOXHbIM Ans ycrnosui r.CaHkT-INeTepbypra. TexHonornst 6es3ocagoyHas (0cagkm AHEBHOW NMOBEPXHOCTU
He MpeBbILAT AOMYCTUMbIE) U NO3BOMSIET BECTU CTPOUTENBLCTBO 63 OCTAHOBKM aBTO- U KENE3HOOOPOXHOro (Kak B
NnpuBeAEHHbIX NPUMEpPaXx) OBWKEHMUS, YTO BaXKHO B YCIOBUSX HALIero ropoda. Takke cnegyet OTMETUTb HEGONbLUYHO
CTOMMOCTb CTPOUTENBCTRA.
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