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AHHOTALMUA

BeepneHue. OcBoeHWe NOA3EMHOIO NPOCTPAHCTBA MPU TOYEYHON 3aCTPOWKE B CTECHEHHbBIX YCIOBUSIX MEranosicoB sBMseT-
CSl NepCrneKkTUBHLIM HanpaeneHNeM pa3BUTUA CTPOUTENbLCTBA. [s 9KOHOMUM paBoyero NPOCTpaHCTBa MOXET UCMOMb30-
BaTbCS TEXHOMOMUS «CBEPXY BHU3Y», NMPY 3TOM 3HaYUTENbHAs YacTb NOA3EMHbIX paGoT OTHOCUTCA K pa3paboTke 1 paspbix-
NEHUIO TPYHTOB MOZ 3aLLMTON NEPEKPLITUIA, YTO aKkTyaslbHO AMS Mep3nblX FPYHTOB B YCMOBUSIX CPEAHEl nonockl Poccuu.
MpoBeaeHHbIN aHanua HOPMaTUBHOM AOKYMEHTaLMUN U UCCMER0BaHMiA B JaHHOW 0BriacTy nokasarn OTCyTCTBME METOANYECKMX
pekoMeHAaLuii Mo opraHusaLmm paspaboTku rPYHTOB B CTECHEHHbIX ycroBusx. Lienb nccnegosaHns — aHanua u cuctema-
TU3aLUMS CYLLECTBYIOLLMX METOAOB paspaboTkM U paspbIXeHUs TPYHTa, U OLEHKa UX MPUMEHVMOCTU B YCIIOBUAX 3aMKHYTO-
ro NPOCTpaHCTBa.

Martepuansi 1 MeToAbl. PaccMoTpeHbl MeToabl pa3paboTku rpyHTa, HalleLwme LWMPOKOe NpUMeHEHe (MexaHuyeckue,
rMapomMexaHuyeckue, B3pbIBHbIE), 1 MEHEE PacnpoCTpaHeHHbIE MeToAb! (3MEKTPOMMIYMbCHLIN, TepMuyeckuii). OTmedeHa
Lienecoobpa3HOCTb MUHU-TEXHUKM OIS BLINOMHEHNS! 3eMIIsiHbIX paboT B YCNOBUAX 3aMKHYTOrO npocTpaHcTea. MNpoaHanu-
31POBaHO HaBECHOE MMAPaBIIMYECKOE U 3NeKTpoMarHMTHoe 06opyaoBaHWe Ans paspbixeHns rpyHTa. MNpu aHanuse MeTogos
nokasaHbl X 4OCTOMHCTBA U HEAOCTATKM, BO3MOXHOCTb UCMOSb30BaHUS NpY peanuaaummn TEXHOMOMN «CBEPXY BHU3».
PesynkraTtbl. ChopMUpoBaHbl KOMBMHALMKY MaLIWH AN pa3paboTKy 1 PbIXMEHUs TpyHTa B YCMOBUAX MOMy3akpbIToi paGo-
Thl MOA 3aLLMTON NEPEKPLITUI C LieNblo AanbHENLWeh OLEeHKN TEXHUKO-3KOHOMUYECKMX NoKasaTenemn U Ux CpaBHUTENBHOTO
aHanu3sa. MpepanararoTcs KOMBGUMHALMKY 3EMIIEPONHON TEXHWKU, B OCHOBE KOTOPbIX NErkue Unv MUHWU-MaLLVHbI C HAaBECHBIMU
CPeAcTBaMU ANs PbIXJIEHUS TPYHTA U MUHU-TEXHMKA A5 NePEMELLEHNS TPYHTa.

BbiBoAbl. MpakTuyeckas LeHHOCTb UCCMNEA0BaHMS 3aKNioYaeTcs B aHann3e UMEKLLIMXCS METOA0B pa3paboTKu U PhIXIEHNs
TPyHTa U OLEHKE UX NMPUMEHUMOCTY AN CTECHEHHbIX YCIOBWI 3aMKHYTOrO MPOCTPaHCTBa NpW CTPOUTENbCTBE NMOA3EMHOM
YacTy 30aHUSA MO TEXHOMOTMM «CBEPXY BHU3Y, YTO aKTyanbHO Npu CTpOUTENbCTBE B cpeaHert nonoce Poccun. Cdhopmmpo-
BaHbl KOMBGMHALMM MaLLWH Ha OCHOBE NPEVMYLLEECTBEHHO MEXaHU4Yeckx MeToaoB. MpeanaraeTcs pacCMOTPETb BO3MOXHOCTb
MCMNONb30BaHUA MUHU-TEXHUKM Y HABECHOMO 0BGOPYAOBaHUS.
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Technological solutions for excavation works in the process
of implementation of the “top-down” approach
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Moscow, Russian Federation

ABSTRACT

Introduction. Underground space development in the course of infill construction in confined spaces of megalopolises is
a promising development trend in construction. To save the workspace, the “top-down” approach can be used. In this case,
a substantial portion of the underground work consists in the soil development and loosening under the protection of beams,
which is relevant for frozen soils in Central Russia. The analysis of regulatory documents and the studies, conducted in this
area, has proven that there are no methodological recommendations on the arrangement of soil excavation in confined
spaces. The purpose of the study is to analyze and systematize current methods of soil development and loosening and to
evaluate their applicability in confined spaces.

Materials and methods. The authors consider widely used excavation techniques (mechanical, hydro-mechanical, and
explosive ones) and less widely spread soil development methods (electric pulse and thermal ones). The expediency of ex-
cavation mini-technologies, designed for works in confined spaces, is emphasized. Attachable hydraulic and electromag-
netic machinery, used to loosen soils, is analyzed. The analysis of these methods shows their strengths and weaknesses,
as well as the applicability of the “top-down” technique.
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Results. Combinations of machines designated for soil excavation and loosening within the framework of the “top-down”
technique are made to further estimate the engineering and economic performance and their comparative analysis. The au-
thors propose combinations of excavating machines that represent lightweight or mini-items having mounted soil loosening
and excavation mini-machines.

Conclusions. The practical value of the study consists in the analysis of available methods of soil excavation and loosening
and the assessment of their applicability to the confined conditions of construction of substructures of buildings using the top-
down technology, which is relevant for Central Russia. The authors made combinations of machines whose operation is
mostly based on mechanical methods. The authors suggest considering the use of mini-machines and attachments.

KEYWORDS: soil development, “top-down” technology, mechanical method, hydromechanical method, soil loosening,
explosive method, mini-machinery, mounted hydraulic equipment
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BBEJEHUE

Pactymue noTpeGHOCTH METaNoJINCOB, C OHOI
CTOPOHBI, TPEOYIOT CTPOUTEIHCTBA HOBBIX 0OBEKTOB,
C Ipyroi — peanu3aus JaHHOW 3a1a4u 3aTPyAHUTEIb-
Ha BBUJ1y CTECHEHHBIX YCJIOBHM INIOTHON TOPOICKOM 3a-
CTpOMKHU. PerieHreM B 5TOM ci1ydae CIIy>KUT IPUMEHEHHE
TEXHOJIOTUH «CBEPXY BHU3», IPH KOTOPOH B XOJI€ CTPOU-
TENbCTBA IOJ3€MHAs YaCTh BO3BOIUTCA CBEPXY BHU3 [1].

B cooTBeTcTBHYM C METOAOM CTPOUTEILCTBO MOA-
3€MHOI 4aCTH HAYMHAETCS C BO3BEACHUSI CTEHBI B IPYH-
Te. B nanpHeleM rpyHT BBIOMPAETCs Ha BHICOTY MEPBO-
ro MOJ3EMHOTr0 dTa)ka, OETOHUPYETCS MEPEKPHITHE,
KOTOpPOE BOCITPUHUMAET PACIIOPHBIE YCHIINS OT CTeH [2].
Crenyromue dTamsl COCTOST B TIOCTIEIOBAaTEILHOM Oe-
TOHUPOBAHUM IIEPEKPBITUN ITOA3EMHBIX TaXKEU U BbI-
€MKe IpyHTa uepe3 TEXHOJIOTHUECKUE TPoeMbl B HUX [3].

PaboTsl nccnemoBarenei Mo paccMaTpruBaeMoi Te-
MaTHKE MOCBSIIECHBI YCOBEPIICHCTBOBAHNIO BO3BOJUMBIX
KOHCTPYKIHH [4], Bormpocam 6eTOHHPOBaHHS EPEKPhI-
THii [5], onenke 3pheKTHBHOCTH TEXHOJIOTHH IO CPaB-
HEHUIO C TPAJULUOHHOM [6], a TaK¥Ke ONBITY TPOBEIECHUS
cTpoutenberBa [7, 8]. OTHETPHO CTOUT OTMETHTH ITY-
OnuKanuio [9], B KOTOpOii cTaBuTCs 3a1a4a HOpMHUPOBA-
HUS CUCTEMBI OPraHU3allMOHHO-TEXHOJIOTHYECKHUX pe-
LIEHUH, CBA3aHHBIX C TIPON3BOACTBOM 3€MJISTHBIX padoT
TIPY CTPOUTEIILCTBE METOJIOM «CBEPXY BHH3», a TAKXKe
ucciaenoBanue [10], MOCBAMIEHHOE ONMTHUMHU3AIIUHT
YCTpOICTBA MOA3EMHOI0 MPOCTPAHCTBA MPU PEKOH-
CTPYKIMHU CYIIECTBYIOLIUX 3AaHUIL.

AHanu3 HOpMaTHBHOM JOKYMEHTAIINH ITOKA3aJl, 4YTO
TEXHOJIOTHH «CBEPXY BHH3Y» MOCBAIICH MyHKT 14.1.30
CIT', B KOTOPOM 3TOT CITIOCOO PEKOMEH/TyETCSI HCIIONb-
30BaTh JUIS CTPOUTENIHCTBA MHOT'OYPOBHEBBIX IOA3EMHBIX
COOPY’KEHHI MpH IIIOTHOM ropoackoil 3actpoiike. [lo-
TIOJTHUTENIBHBIE PEKOMEH/IAIIUH [0 IPOEKTHPOBAHUIO
1 OpraHu3anuy paboT OTCYTCTBYIOT.

OTKpBITBIC HHTEPHET-UCTOUHUKH CBHJICTEILCTBYIOT
0 TOM, YTO Pa3pabOTKy IPyHTa MPHU PeaTH3aLUH TEXHO-
JIOTHH «CBEPXY BHU3» MO 3AIIUTON MEPEKPHITUI He-
00X0IMMO OCYIIECTBIATh MaJIOTabapUTHBIMU KCKaBa-

1 CI145.13330.2017. 3eMIIsIHbIE COOPYIKCHFIST, OCHOBAHHS 1 (hyH-
JIAMEHTHI.
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Topamu U OyapI03epaMu, a BEIeMKY — Tperidepamu
Yepe3 TEXHOJOTHYECKHE OTBEPCTHA” 6e3 yKa3aHHUs OIl-
TUMaJIbHOTO COCTaBa M KOJIMYECTBA CTPOUTEIBHBIX Ma-
mvH. /laHHast 3a]ja4a Ha CErOAHSIIHUM JIeHb PeIaeTcs
MIPOEKTUPOBIINKAMH HCXOAS U3 WHANBUAYaJIbHBIX WH-
KEHEPHO-TEOJIOTUYECKUX YCIIOBHUH, OIbITa CTPONUTEIh-
CTBa ¥ BO3MOXKHOCTEH 3aCTpONIINKA.

Takum oOpa3zom, akTyaTbHOH 3amadeil sBIseTcs
aHaJIN3 U CUCTEMATU3allNs CYIIECTBYIOIINX METOIOB
Ppa3paboOTKH U pa3pbIXJICHUS TPYHTA C IENTbI0 OLIEHKH MX
MPUMEHUMOCTH IPA CTPOUTEIIHLCTBE METOJOM «CBEPXY
BHU3Y.

Llens nccnenoBanmst — MOATOTOBKA aBTOPAMH Ma-
TEpUAaJIOB ISl AaJbHEHIIEeH OIEHKN TeXHUKO-IKOHOMH-
YECKHMX MT0KA3aTeJICH MaIllH M MEXaHU3MOB, X CDaBHH-
TEJIFHOTO aHAJIN3a.

MATEPHAJIBI 1 METOJbI

PaccMoTpuM nmeroniyecs TeXHOJIOTHH pa3padoT-
KM U BBIEMKH I'DYHTA, UX JOCTOMHCTBA U HEJOCTATKH,
a TaK)Ke MEePCIeKTUBBI IPUMEHEHHUS NP peaTu3alnun
METO/Ia CTPOUTEILCTBA «CBEPXY BHH3». Cpesin OCHOB-
HBIX METOJIOB pa3pabOTKN TPYHTA MOXKHO BBIICINTH
pa3paboTKy:

* pe3aHHeM (MeXaHH3UPOBAHHBIN CI0c00);

* pa3MbIBOM CTpyeil BObI (THAPOMEXaHUUECKUN
croco0);

* B3PBIBHBIM CIIOCOOOM.

[Tpu pa3paboTKe OTKPHITHIX KOTIOBAHOB MOXKET
OBITh MCTIONB30BaH IUPOKHHA CIIEKTP 3eMIIEPOHHBIX, 36M-
JIEPOMHO-TPAHCIIOPTHBIX U 3€MJIEPOHHO-INIAHUPOBOY-
HBIX MalIuH. KoMIIeKcHbIN MOAX0 K COCTaBy MalluH
1o3BoJisieT 3pPeKTUBHO OTACIATH TPYHT OT MAcCCHBAa,
nepeMenlarb, OCymeCTBIATh BBIEMKY U, €CIIN HE00Xo0-
JIMMO, YKJIaJ Ky Hachly. TriaTeiabHbld og0op MarinH,
COOTBETCTBYIOLIHX JIPYT IPYTY MO TEXHUKO-IKOHOMHYE-
CKUM M TEXHOJIOTHYECKUM IapaMeTpaM, J1aeT BO3MOXK-
HOCTh ONTHMAIFHO CIUTAHUPOBATh paboTy U M30ekKaTh
HE0OOCHOBAHHOTO TIPOCTOS TEXHUKH [9—12].

2TOP-DOWN. IToty3aKpBITIH METOJ TTO[3MHOTO CTPOHTEI-
ctBa «CBepxy-Bums». URL: https://merakom.ru/technology/
top-down/
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Hcnonp3oBaHuEe HABECHOTO THAPABINYCCKOIO 060py}10BaHI/IHI a — JJIA TOPU30HTAJIBHOTO IITHEKOBOTO 6yp6HH9[3; b — 3KcKaBa-
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TOP C THAPOMOJIOTOM '; ¢ — MHHHU-TIOTPY3YHUK ¢ 6ApOBOM yCTAaHOBKOM

JI0CTOMHCTBO MEXaHU3UPOBAHHOTO CIIOCO0A 3aKITFO-
4aeTcs B €T0 YHUBEPCATBHOCTH, TaK KaK OH IIPHUTOACH
JUTSL JTFOOBIX YCIIOBHI U pa3MEPOB COOPYIKCHHI, OIHAKO
MIPUMECHHUTEIHHO K TEXHOJIOTUU «CBEPXY BHH3Y, KOTIa
pabota BezeTcs B 3aMKHYTOM IIPOCTPAHCTBE, KPYT IpH-
MCHSIEMBIX MAaIllUH cyxaercs. Hampumep, 3kcKaBaTopsbI
¢ o0beMoM KoBIa 1,6 M° UMEIOT maccy oT 25 o 38 T
B 3aBUCHMOCTH OT [TPOU3BOIUTEJIS, YTO CO31aET JOIOJ-
HUTEIBHBIC TPYIHOCTH IO IOCTABKE TEXHUKHU U OPTaHU-
3anun padot. Micxoms i3 3Toro, 11esrecooOpa3HbIM MOKET
OBITh UCIIOJIH30BAHHUE JISTKUX YKCKaBATOPOB BECOM OKOJIO
13 T ¥ MUHU-3KCKAaBaTOPOB, MUHU-TPAKTOPOB, MIHH-
rpelIepoB U MUHU-IOTPY3UMKOB BecoM 110 5 T. BmecTe
C TEM BCJICICTBUE MAJICHBKHUX Pa3MEPOB U MaCChl MUHU-
9KCKAaBaTOPOB OHH UMEIOT MATYFO [TyOHHY KOTIAHWS 1 He-
OorbImIoe ycuire Ha KpoMke KoBia [ 13], 9to 3HaunTe h-
HO CHIJKAeT MPOU3BOJUTEIBLHOCTD, a B PAJC CIyYacs,
0COOCHHO TIPH pa3paboTKe MEP3JBIX TPYHTOB CpeaHEH
mosiocel Poccuu, MOXKeT moTpeOoBaTh JOMOIHUTEIBHO-
TO pa3pbIXJICHUS FPYHTA. J[OMOIHUTEIBHO CTOUT OTME-
THTH HA4aJ0 MPOBEACHUSA pabOT MO0 HOPMUPOBAHUIO
TpyAo3aTpaT MpU MCIO0JIb30BAaHUA MHHHU-DKCKaBaTO-
poB [14], uTo mo3BOAUT B OyaylIeM OCYLIECTBIATH

3 Tugpobyp DIGGA s ropusonTansHoro 6ypenns. URL:
https://remtechstroy.ru/news/gidrovrashchateli-digga/gidrobur-
digga-dlya-gorizontalnogo-bureniya/
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TEXHHKO-3KOHOMHYECKYIO OIIEHKY IIPH pa3padoTKe Mmpo-
€KTa MPOU3BOJICTBA PadOT.

Jl1s1 nepBOHAaYanbHOM BBIEMKU I'pyHTA 4epes3 TeX-
HOJIOTHYIECKOE OTBEPCTHE B TIEPEKPHITHN HYJIEBOTO yPOB-
Hs1 00bIYHO npuMensieTcs rperidep. Ilocne co3nanus
yIIyOJIeHHs B HETO OITyCKaeTCsl CTPOUTEIbHAS TEXHUKA,
KOTOPOH MPEICTOUT pa3padaTeiBaTh TPYHT BOKPYT ceOs
1 HaChINaTh B OJJHOM MecTe Juist u3Bneuenus. [Ipu yse-
JIMYEHUN CBOOOIHOM IIIOIIA/IM COCTAB TEXHUKN BO3MOMK-
HO JIOTIOJIHATB OKCKAaBaTOPaMU U Pa3pbIXJIUTEISAMU IPYH-
Ta JUTA TOBBIMICHHS IPON3BOAUTEILHOCTH Pa3paboTKH.

B ycnoBusix 3aMKHYTOTO ITPOCTPAHCTBA YIUIOTHEH-
HBIH 1 yTpaMOOBaHHBII IPYHT IIPAKTHYECKH HE OCHINAcT-
cs1, TAKMM 00Pa30M, CTAHOBUTCS aKTyaJIbHOM 3aj1a4ya ero
paspeixienns. Cpeau MaIiH 1t OypeHust 1 pa3padoTKu
IPYHTa B TOPH30HTAJILHOM IIJIOCKOCTH MOYKHO BBIICIIUTH
npoxogueckue komOaiinbl Roadheader, crannonapusie
YCTaHOBKM HAIIPABICHHOTO IIHEKOBOTO OypeHUs, Ha-
BECHOE TH/IPABINUECKOE 000PYAOBAHNUE JUISl ITHEKOBOTO
Oypenusi, 6apoBbIe YCTAHOBKH U THPOMOJIOTHI.

O0nacTh NMPUMEHEHHUs IPOXOJUECKUX KOMOAHHOB
(ma>ke MX MUHH-BEPCHI) — pa3paboTKa CKAIBHBIX TPYH-
TOB [15], a cTanimoHapHbIC YCTaHOBKY HE 00JIaTat0T Tpe-
OyeMoit MOOMJIBHOCTBIO U IPUMEHSIOTCS JJIS [TPOKOJIOB

4 Yenmyru skckaBatopa ¢ ruapomonorom. URL: https:/www.
tk38.ru/gidromolot/

5 Yro rakoe Gaposas mammua. URL: https:/furra.ru/
oborudovanie/gruntorez-mtz.html
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6onpmioil nauHel. [lepcnekTUBHO ISl pa3phIXJICHUSA
TpyHTa B CTECHEHHBIX YCIOBHSIX UCIIOIb30BaHUE HaBEC-
HOTO THIPABIMYECKOTO 00OPYIOBAHUS ISl IITHEKOBOTO
Oypenus (puc., a), THAPOMOIOTOB (puc., b) 1 GapOBBHIX
YCTaHOBOK (pHuC., C).

I'mppomexaHmUIECKyT0 pa3pabOTKy TpyHTa IIpUMe-
HSIOT TIPU BO3BEICHUH THIPOTEXHIYECKIX COOPYKEeHU,
YCTPOMCTBE OOJBIINX BOAOECMOB, TOPOKHBIX HACHITICH
1 BBICMOK. JIaHHEIH CTI0c00 mopasyMeBaeT MPOKIAIKY
TpyOOIPOBOIOB, YCTPOWCTBO ACTAKAT U APYTHX COOPY-
skeHui. [Ipu 5TOM OH MO3BOJISIET CHU3UTH CTOUMOCTH
1 TPYAOEMKOCTh pabOT IO CPaBHEHHIO C HCITOTh30BaAHH-
€M 3eMJICPOMHBIX U 3eMJIEPOMHO-TPAHCTIOPTHBIX MAILIMH.
PazpaboTka rpyHTa BKIIIOUAET CIIEAYIOIINE ONEPAIHH:
pa3MBIB TPYHTA MOJI AaBJICHUEM H IIEPEBOII €0 B MOTY-
KHUJIKYIO Maccy, Ha3pIBaeMYIO ITyJIBIIOH; TIepeMEeTICHIE
U YKJIAAKY (HaMBIB) MYJBIIBI B COOPY>KEHHE WJIA OTBAJ.
[Tocrne JocTaBKY MyIBIIBI K MECTY 00pa30BaHMUs HACHITTH
BOJIa U3 HEE OT(IIBTPOBBIBACTCS, & TPYHT OCaXKIACTCH.

Pa3MbIB rpyHTa U TPaHCIOPTUPOBAHUE MYJIBIIBI
B CTCCHEHHBIX YCIIOBHSIX CTPOUTEIHCTBA 10 TEXHOIOTHH
«CBEpPXY BHHU3» HE TIPEICTABIISACTCS IIEIeCO00Pa3HBIM IS
LIMPOKOTO PUMEHEHUSI BBULY CJIOKHOCTH OpraHU3allnHy,
9HEPTrOEMKOCTH ¥ OOJIBIIOro MoTpediIeHus Boabl [16],
OJTHAKO B YHUKAJBHBIX CITydasX METOJ MOXET OBITh HC-
MIOJIb30BaH KaK BCIIOMOTaTeIbHBIH.

Jpyrum BciomorareabHbIM METOJJOM MOXKHO CUH-
TaTh B3PBIBHOI CIIOCO0, TPH KOTOPOM TPYHT OTAEISACTCS
OT MacCHBa 3a CYET YHEPTUH B3phIBA 3apsAA0B, IPEABaA-
PUTEIBEHO MOMEIICHHBIX B CKBOKUHAX, IIITyPax U MIETISX.
OTOT METOA MPUMEHSACTCS B PEAKHUX CIydasx, Koraa
TPaAUIIMOHHBIE MEXaHUYECKHE U THUIPOMEXaHUUECKIe
METO/Ibl HE MO3BOJISIIOT TOCTUYb PE3yJIbTara, HalpuMep
JUTS pa3pbIXJICHHS CKATBHBIX M MEP3JIBIX TPYHTOB. MeTon
TaKXKe CIOKEH B OpraHM3alluy, TpeOyeT 3HaUUTEIbHBIX
CBOOOJIHBIX POCTPAHCTB, MOBBIIICHHON TEXHUKH 0€3-
OITaCHOCTH, TIPUBJICYCHHUS JOMOTHUTEIEHBIX KBAaTH(PH-
LUPOBAHHBIX CHEIMAIUCTOB U TOYHOTO pacyeTa MOII-
HocTH 3apsiioB [17, 18].

Jlist pa3pyIieHns TOPHBIX TOPOJI, KPOME OTHCaH-
HBIX BBIIIE CTIOCOOOB, MOTYT HCIIOJIB30BAThCSI MEHEE
pacnpocTpaHeHHbIe, HO TIEPCIEKTUBHbBIE DJIEKTPOMAr-
HUTHBIC, 2IIEKTPONMITYITbCHBIE, TepMIdeckue [ 19] i yib-
TPa3ByKOBbIE METO/IBI.

OMNBITHEIH 00pa3el 3EKTPOMarHUTHOTO MOJIOTA,
pa3paboTaHHEI aBTOpaMu padoTs [20], mpocT B ycTpoid-
CTBE M DKCIUTyaTalluy, He TpeOyeT TOMOTHUTEIHHOTO
000PYIOBaHUSI K UMEET PErYIUPYEMYIO BEJIHYHHY SHEP-
THH yaapa.

[Ipu 57€KTPOUMITYITLCHOM METOJE MPOUCXOTUT
2JIEKTPOB3PBIB B TOPHOM MOPOAE 3a CUET BO3ACHCTBUSA
HMMITYJIbCHOTO TOKAa BBICOKOTO HampspKeHUs. Paboumii
OpraH, B OTINYHE OT MEXaHHYECKHUX METO/IOB, HE M3HA-
LIMBAETCS B MPOLIECCE AKCIUTyaTauy. DPPEeKTHBHOCTh
MeToJa MOATBEPKAaeTcsl uccienopanusmu [21-23].

[Tpu BEIOOpE MeTOAA pa3pabOTKH U PA3PBIXJICHUS
TpyHTa ClIe/lyeT OLIeHNBaTh (PU3NYECKUE CBOMCTBA IPYH-
TOB, pa3Mepsl u (HOPMBI BBIPAOOTOK, BHEIITHUE YCIOBHS
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MIPOBEICHHS CTPOUTENICTBA (DHEPTHsl, BOIIOCHAMKEHHE,
BOJIOOTBE/ICHHE), TEXHUKO-IKOHOMHUYECKHE MTOKA3aTeIH,
CPOKH MPOMU3BOJCTBA paboT.

PE3VYJIBTATBI HCCIEJOBAHUA

Ha cerogusimHuil A€Hb CyLIECTBYET LIMPOKUN
CIIEKTP METOJIOB M CPEICTB IS pa3padOTKH ITPyHTOB
(MexaHWYECKHe, THIPOMEXaHNIECKIE, B3PHIBHBIC U T.1I.),
HX Pa3pyILICHUS U Pa3phIXICHUs (MEXaHHUCCKHE, VIBTpa-
3BYKOBBIC, 3JICKTPOUMITYIILCHBIC U T.]I.).

Kaxp1ii MeTo1 MIMEET CBOIO 00JIaCTh TPUMEHCHUS,
00J1a1aeT T0OCTOMHCTBAMHE U HeToCTaTKaMu. BEIOOp KOH-
KPETHOTO METO/a ISl IPOU3BOACTBA pabOT HE peria-
MEHTHPYETCS HOPMAaTUBHBIMHU IOKYMEHTAMH H YCTaHAB-
JUBAETCA MPOSKTUPOBIINKAMHI Ha OCHOBE PE3YIIBTaTOB
HMH)KEHEPHO-T€OJIOTHUCCKUAX U3bICKAHUH, OIBITA CTPOH-
TEJIbCTBA M TEXHUKO-IKOHOMHUYECKHX IMOKa3aTeIIeH.

OMNBIT BBINIOJHEHUS 3€MJISTHBIX padOT B cpemaHeit
nonoce Poccnu 3agactyro moka3siBaecT HeOOXOAUMOCTh
Pa3pBIXIICHUS MEP3JIBIX TPYHTOB C IIOMOIIIBIO JIOTIOTHHU-
TETHHOU TEXHUKH C MCIIOIb30BaHUEM HaBECHOTO 000-
pyZIOBaHUS.

[TpUMEHHUTEIBHO K YCIOBUSIM MIPOBEICHHS CTPOU-
TEJIbCTBA MOA3EMHOM YacTH MpHU peau3auy TeXHOIO-
THH «CBEPXY BHH3» B cpenHeii monoce Poccuu ¢ yuetom
CBOWCTB TPYHTOB JIJIS TAJTBHEHIIIEIO PAaCCMOTPCHHUS TIC-
necoo0pa3Ho chopMUPOBaTH KOMOMHAIIMHM Ha OCHOBE
MEXaHHYECKUX CPEJCTB pa3pabdOTKH M Pa3pBIXJICHHUS,
HaTpuMep:

1. Jlerku#i 3kckaBaTop 0€3 JOMOJHUTEIbHBIX
CPEICTB PA3PBIXJICHUS U JIETKUH OylIbao3ep i mepe-
MEIICHUS TPYHTa K 30HE BBIEMKH Tpeiidepom.

2. HeckoJbko MUHH-IKCKaBaTOPOB C TOTTOJTHHUTEITb-
HBIMH MaIlTHHAMHE C HAaBECHBIM THIPABIHICCKIM U DJICK-
TPOMEXaHUICCKIM 000PYIOBaHUEM ISl Pa3PBIXIICHUS
TPYyHTA, JIETKAN WITH MUHU-OYITBI03ED.

3. Heckonbko MaIwH [Tl pa3phIXJICHUS C HaBeC-
HBIM 000PYIOBAHUEM [ TOPHU30HTATIBHOTO ITHEKOBOTO
OypeHust ¥ JIerKuii Oys1b03ep JUIs TIepEeMEIICHHs TPYHTA.

3AKJIIOYEHUE U OBCYXKJIEHHUE

[IpoaHam3upOBaHBI METOMBI PA3paOOTKU M Pa3PhIX-
JICHHS TPYHTOB, MTPOBE/ICHA OLEHKA X MPUMEHUMOCTH
IIPH CTPOUTENHCTBE MOJ3EMHON YaCTH 11O TEXHOJIOTHH
«cBepxy BHU3». ClienaHbl BEIBOIBI O HEOCTaTOYHOCTH
METOANYCCKUX MaTCPHUAJIOB U HOpMaTHBHOﬁ 68,3]:1 110 BbI-
0opy cocTaBa cpeACTB st 3P PEKTUBHOTO ITPOM3BOICTBA
pa0or.

Ha ocHoBe pe3ysbTaToB uccinenoBaHus c(hopMupo-
BaHBI KOMOWHAITMH MAIlIiH, [T KOTOPBIX OyIeT mpoBe-
JIeHa TEXHUKO-DKOHOMHYECKasl OlleHKa dY(PPEKTHBHOCTH
U UX CPaBHUTEJbHBIN aHanu3. J[aHHOE ucciIen0BaHue
MOKET OBITH ITOJIE3HO JJIA TPOCKTHBIX UHCTUTYTOB, 3a-
HUMAIOIIHMXCS pa3pabOTKOM TEXHOJIOTHUECKHUX PELICHHI
110 pa3paboTKe M PHIXJICHHUIO IPyHTOB. B nanpHeliniem
paccMOTpEHHbIE KOMOMHAIIMN MOT'YT OBITH JJOIIOJIHEHBI
METO/IaMH JIOKAJIbHOTO pa3MbIBa IPYHTA.
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INTRODUCTION

The evolving needs of megacities, on the one hand,
require the construction of new facilities, but, on the other
hand, the implementation of this task is complicated be-
cause of the confined conditions of dense urban deve-
lopment. The solution in this case is the use of the “top-
down” technology, that encompasses the construction
of the substructure from top to bottom [1].

Within the framework of this method construction
of the substructure begins with the erection of a dia-
phragm wall. Subsequently, soil is excavated to the le-
vel of the first underground floor, the slab is concreted,
which takes the expansion forces from the walls [2].
The following stages consist of consecutive concreting
of the underground floor slabs and excavation of soil
through the openings that they have [3].

Researchers focus on improving the construc-
tions [4], solve problems of the floor slab concreting [5],
evaluate the technology efficiency in comparison with
the traditional one [6], and analyze the construction
experience [7, 8]. Apart from that, the authors of [9]
set the task of developing a system of procedures and
engineering solutions associated with excavation in
the course of construction work performance using
the “top-down” method. In [10], the authors concen-
trate on the optimization of underground space during
the reconstruction of existing buildings.

The analysis of regulatory documents showed that
the “top-down” technology is regulated by paragraph
14.1.30 of SP (Construction Regulations)! which re-
commends this method for the construction of multi-
level underground structures in dense urban deve-
lopments. There are no additional recommendations
on the design and arrangement of work.

'SP 45.13330.2017. Earth structures, foundations and founda-
tions.
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According to open-access Internet sources, exca-
vation of soil in the course of implementation of the top-
down technology under the protection of the slabs should
be carried out using small excavators and bulldozers,
and excavated soil should be removed by grabs through
access holes® without specifying the optimal composi-
tion and number of construction machines. To date, this
problem is solved by designers on the basis of individ-
ual engineering and geological conditions, construction
experience and the capabilities of the builder.

Hence, the relevant task is to analyze and system-
atize existing methods of soil excavation and loose-
ning to assess their applicability within the framework
of the “top-down” construction method.

The aim of the research is to prepare materials for
the further evaluation of engineering and economic per-
formance of machines and mechanisms and their com-
parative analysis.

MATERIALS AND METHODS

Let’s consider the currently available technolo-
gies of excavation and soil removal, their strengths and
weaknesses, as well as their potential application within
the framework of the “top-down” method. The princi-
pal methods of excavation include:

* cutting (a mechanized method);

* erosion using a jet of water (a hydromechanical
method);

 an explosive method.

A wide range of earthmoving, earthmoving-trans-
porting and earthmoving-surfacing machines can be
used in the process of excavating open pits. An inte-
grated approach to the composition of machines allows
to effectively separate soil from the massif, remove,

2TOP DOWN. Semi-closed top-down method of underground
construction. URL: https://merakom.ru/technology/top-down/



Technological solutions for excavation works in the process of implementation of the “top-down” approach

P. 23-32

excavate soil and, if necessary, make an embankment.
Careful selection of compatible machines correspon-
ding to each other in terms of engineering, economic,
and technological parameters makes it possible to opti-
mally plan the work and avoid unreasonable downtime
of machinery [9-12].

The advantage of the mechanized method is its
versatility, as it is suitable for all conditions and sizes
of structures. As for the “top-down” technology, when
the work is performed in a confined space, the range
of applicable machines is narrowed. For example, ex-
cavators with a bucket volume of 1.6 m*> weighs from
25 to 38 tons, depending on the manufacturer, which
is an additional challenge in terms of the equipment
delivery and work arrangement. Hence, it may be ap-
propriate to use lightweight excavators weighing about
13 tons, mini excavators, mini tractors, mini graders and
mini loaders weighing up to 5 tons. However, due to
the small size and weight of mini excavators, they have
a small digging depth and small pressure on the bucket
edge [13], which significantly reduces productivity.

In some cases, especially when frozen soils of Cen-
tral Russia are excavated, additional soil loosening
may be required. Besides, the authors have launched
the rationing of labour costs for the case of use of mini-
excavators [14], to make sure that the engineering and
economic evaluation can be made in the future when
the project schedule is developed.

For the initial excavation of soil through access
holes made in the zero level slab, a grapple is usually
used. After the hole is made, construction equipment is
installed in it. It will be used to excavate soil around it
and concentrate it in one place for extraction. If the area
of the available space increases, more excavators and
rippers can be used.

Compacted and tamped soil does not crumble in
a confined space, so the task of loosening it becomes
urgent. Roadheaders, stationary auger drilling rigs, hy-
draulic auger drilling attachments, bar rigs and hydrau-
lic breakers are among the machines for drilling and
excavation of soil in the horizontal plane.

4

Use of hydraulic attachments: @ — for horizontal auger drilling®; 5 — excavator with a hydraulic hammer*; ¢ — mini loader

with a bar unit®

3 DIGGA hydraulic drill for horizontal drilling. URL: https://remtechstroy.ru/news/gidrovrashchateli-digga/gidrobur-digga-dlya-

gorizontalnogo-bureniya/

4 Excavator services with a hydraulic hammer. URL: https://www.tk38.ru/gidromolot/

5> What is a bar machine. URL: https://furra.ru/oborudovanie/gruntorez-mtz.html
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Roadheaders (even their mini versions) develop
rocky soils [15], and stationary units do not have the re-
quired mobility and are used for long penetrations.
Attachable hydraulic equipment for auger drilling
(figure, a), hydraulic hammers (figure, ) and bar units
(figure, c) can be effectively used to loosen soils in con-
fined environments.

Hydro-mechanical methods are used to make
hydraulic structures, large reservoirs, road embank-
ments and excavations. This method implies the laying
of pipelines, construction of overpasses and other struc-
tures. Moreover, it allows to reduce the cost and labour
intensity of works as compared to the use of earth-mo-
ving and excavation-transporting machines. Soil ex-
cavation includes the following operations: soil wash-
out and transformation into a semi-liquid mass called
pulp; the movement and laying (reclamation) of pulp
in a structure or a dumping site. Once the slurry is de-
livered to the embankment site, water is filtered from
the slurry, and soil is deposited.

No large-scale application of the “top-down” tech-
nology is reasonable for the soil washout and slurry
transportation in confined construction conditions due
to the complexity of making arrangements, energy in-
tensity and high water consumption [16]. However,
in unique cases this method can be used as an auxi-
liary one.

Another auxiliary technique is an explosive meth-
od, whereby some soil is separated from the massif
by the energy of the explosion of charges previously
placed in wells, boreholes and slots. This method is
used in rare cases if conventional mechanical and hy-
dromechanical methods are ineffective, for example,
for loosening rocky and frozen soils. The method is
also difficult to organize; it requires considerable free
spaces, tighter safety requirements, involvement of ad-
ditional qualified specialists and accurate calculation
of the power of charges [17, 18].

In addition to the methods described above, less
common, but promising electromagnetic, electric pulse,
thermal [19] and ultrasonic methods can be used to de-
stroy rocks.

The prototype of an electromagnetic hammer de-
veloped by the authors of [20] is simple in terms of its
design and operation; it does not require additional
equipment, and its impact energy is adjustable.

If the electric pulse method is used, an electric ex-
plosion occurs in the rock due to the impact of high
voltage pulsed current. The work tool, unlike me-
chanical methods, does not wear out during operation.
The effectiveness of this method is proven by several
studies [21-23].

When choosing a method for soil development and
loosening, one should evaluate the physical properties
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of soil, the size and shape of excavations, the construc-
tion environment and conditions (energy, water sup-
ply, drainage), technical and economic performance,
the timing of the work.

RESEARCH RESULTS

Today there is a wide range of methods and instru-
ments for the development of soils (mechanical, hydro-
mechanical, explosive, etc.), their destruction and loos-
ening (mechanical, ultrasonic, electric pulse, etc.).

Each method has its own area of application,
strengths and weaknesses. The choice of a particular
method is not regulated by any rules, and it is selected
by designers on the basis of engineering geological sur-
veys, construction experience, technical and economic
indicators.

In Central Russia, excavation works were often
accompanied by the need to loosen frozen soils using
additional machinery that had supplementary mounted
equipment.

With regard to the conditions of underground con-
struction performed using the “top-down” technology in
Central Russia and the properties of soils, it is advisable
to make combinations of mechanical construction ma-
chines for soil excavation and loosening, for example:

1. A lightweight excavator without additional loos-
ening equipment and a lightweight bulldozer to move
soil to the excavation area using a grapple.

2. Several mini-excavators with additional ma-
chines and attached hydraulic and electro-mechanical
equipment used to loosen soil, a lightweight or a mini-
bulldozer.

3. Several loosening machines with attachments
for horizontal auger drilling and a lightweight bulldozer
for earth moving.

CONCLUSION AND DISCUSSION

Methods of soil excavation and loosening were
analyzed; their applicability in the construction of sub-
structures using the “top-down” technology was evalu-
ated. Conclusions were made about the insufficiency
of guidelines and the regulatory framework in respect
of the choice of machines that ensure the efficient per-
formance of work.

Based on the results of the study, the authors made
a combination of machines make a technical and eco-
nomic evaluation of their performance and compara-
tive. This study may be useful for design institutions
involved in devising engineering solutions for the de-
velopment and loosening of soils. In the future, these
combinations can be supplemented by local soil wa-
shout methods.
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