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TEXHOJIOTHYECKHUE OCOBEHHOCTU KOHCTPYUPOBAHUSA
CBOPHO-PA3BOPHOI'O ®YHJAAMEHTA 110/l BAIIEHHBIE COOPYKEHUS

AHHOTAIMSA: B CTaThe MPEJIOKEH HOBBIH THUI MOJYJLHOTO COOPHO-Pa300PHOTO Kee300eTOHHOTO (hyHIaMeH-
Ta MOJ KOHCTPYKLHUHU COOpYyKeHHH OameHHOro Tuna. [IprBeneHo 4ucieHHoe MOACIUPOBaHNE M KOHCTPYKTHBHBIC
0COOCHHOCTHU M3TOTOBJICHUS U MOHTaXa (PYHIaMEHTa, peaTn30BaHHOTO 10 naTeHTy 2633604 «COoopHO-pa30opHBIi
(byHIAMEHT TIOJT OTIOPY» TOI peadbHYI0 OamrHio BBHICOTON 30 METPOB M MOIIHOCTBHIO BETPOIICKTPHUCCKON yCTa-
HoBKH 150 kB. CHIKeHHE MaTepHaTOeMKOCTH IOCTHraeTcs 3a c4ET oOpa3oBaHUs MOJOCTH B KaXKIOM THUIIOBOM
MOJIyJIe M 3allOJIHEHUs! €€ TPYHTOM WJIH JIFOOBIM WHEPTHBIM MaTepuanoM. Pe3ynbrar mpeanaraeMoro pemeHus 3a-
KITFOYaeTCs B MMOBBIIICHUN HECYIIIEH CITOCOOHOCTH (pyHAaMEHTa B IIEJIOM, YBEIMICHUN IPOYHOCTH U KECTKOCTH €T0
OCHOBHBIX COEJIMHEHUH, a TakKe YNPOLIEHNH MOHTa)Ka B CONOCTABIECHHH C TPAAWIIMOHHBIMM MOAXOJAMH K KOH-
cTpyupoBanuto. [Ipudem Moaynu ¢pyHIaMeHTa, TJe BOZHUKAIOT MAKCUMaJIbHbIE HAIIPSDHKEHUSI MOTYT OBITh H3TOTOB-
neHsl 13 GudpodeToHa.

KiaroueBbie cioBa: ¢yHIameHT, xene300eToH, (GuOpOOETOH, MOIYJIHOCTh, ONTHUMH3AIMsl, KOHCTPYKIIHMH,
OarrHs

Beenenue

OyHpaMeHT 0aJUTaCTHOTO THMA Ul OAllleHHBIX COOPYKEHHH SIBISIETCS OCHOBHBIM KOHCTPYKTHBHBIM 3JEMEH-
TOM, KOTOPBI BOCIIPHHUMAET BCE HATPY3KH OT BHINIENEKAIIUX KOHCTPYKIUH U pacrpenesseT X 1Mo OCHOBAHUIO
[1-5]. Taxke cOopHO-pa3dbOpHBIC GYHIAMEHTHI TTO3BOJISIET OBICTPO M 3((HEKTUBHO YCTAHABINBATH OAIIEHHBIE KOH-
CTPYKIIMH B CJIOXHBIX YCJIOBHUSIX TOPOACKOHN 3aCTpOWKU Ha CHEHU(UYECKUX TPYHTOBBIX YCIOBHSX, KOTJA pas3pa-
00TKa OCHOBaHHIA IPYHTOB IO/ OMIOPY HEBO3MOXHA. CeOecCTOMMOCTh €0 U3TOTOBJICHUS B CTPYKTYpe 001Iel CTou-
MOCTH OaImeHHBIX COOpyxeHui gocturaer oomee 50%. B coOTBETCTBUM ¢ 3THM MOWCK ONTHMAaIbHOTO KOHCTPYK-
TUBHOTO pelieHus pyHIaMeHTa ajs OallleHHbIX COOPY)KEHUH SBISIEeTCS aKTyalabHBIM [6-15].

MeToab! M MAaTEPHAJIBI

[omrydenne KoHCTpYKIHK cOOpHO-pa3z00pHOTO (hyHIAMEHTa OCHOBBIBAETCS HA CIEMYIOIINX MPUHIIAIIAX

1. Coopka (pyHIaMEHTa Ha CTPOUTEIIBHOM IUIOIIAKE U3 OTICIBHBIX TUIIOBBIX MOJYJIEH, U3rOTAaBIMBAEMbIX B
3aBOJICKUX yCIIOBUSIX;

2. CHIKeHNe MaTepraJIoeMKOCTH 3a CIET 00pa30BaHMS MOJIOCTH B KAKIOM MOJIYJIE U 3aTIOJTHEHHS €€ TPYHTOM;

3. Pactipenenenue macchl hyHIaMEHTa B TUIaHE B COOTBETCTBUH C JCHCTBHEM MaKCHMAIIbHBIX YCHIHN

4. CHWKEHUE TpyAO3aTpaT Ha I3Talle U3TOTOBJICHUS HA 3aBOJIC WM TOJUTOHE 3a CYET HUCHOJIb30BAHHS
BBICOKOIIPOU3BOIUTENBHBIX MAIIMH U MEXaHU3MOB 0€3 TPYJIOEMKUX PYUYHBIX OTEepallHii;

5. CHWKEHHE TpyA03aTpaT Ha dTalle MOHTaKa 0€3 yJacTHs CIEIHaIbHBIX TPY30TOIBEMHBIX MEXaHI3MOB [12].
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Pe3yabTaThl u 00CyKIeHUSI

KoHcTpyKTHBHAS cxeMa COOpPYKEHHUs, MPEACTaBIsAeT co00i COOPHBIN kele300eTOHHBIN (DyHIaMEHT, COCTOs-
M U3 TOJBIX MPU3MEHHBIX OJIOKOB, CTAHYTHIX MEXIy co00l Oonramu. Pazmepsl coopyKeHUs B IUIaHE COCTaB-
mstot 15,274 x13,758 M., BeIcoTa PyHIAMEHTHOUW TUIMTHI — 1 M., TOJNIIHHBI CTEHOK COOPHBIX 0JIOKOB — 150 MM.,
TOJIIIIMHBI CTEHOK COOpHBIX 0710k0B — 150 MM [3, 10, 11]

B neHTpanpHBIX OJ0KaX IPUCYTCTBYIOT OTBEPCTHUS IS KPETUICHUS MAYTHl K (YHIIAMEHTY, BO BceX OJOKax ume-
eTcst 4 OTBepCTHS IS CTSATUBAHUS OTACIHHBIX OJIOKOB MeXIy co0oil 6onramu. B kauecTBe MaTeprana KOHCTPYK-
MY UCTIONIb30BaTh O0eToH Kinacca B25, apmarypa A500, A240.

[Inau 1-1
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Puc. 1. I1nan, pa3pe3 u apMUPOBAHKUE OTACILHOTO MOIYJIS
Fig. 1. Plan, section and reinforcement of a separate module

Om@ensHell Xene308emoHHL0 m\
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15274

Puc. 2. [lnan ¢ynnamenTa u3 moaysel mox OaeHHOE COOPYKEHUE
Fig. 2. The plan of the foundation of the modules for the tower structure

18



CmpoumenvHvle Mamepuaivl u u30enus 2022, Tom 5, Ne3
Construction Materials and Products 2022, 5 (3)

Harpy3ku Ha pyHIaMEHT MepelaroTcss OT MauThl B LIEHTPAIbHYIO YacTh (PyHIaMEHTa, KOTOPas KECTKO 3aKper-
JICHA C MIECThI0 COOPHBIMHU JKeIe300eTOHHBIMU OokamMu. Ha MauTy NelCTBYIOT Harpy3Kku OT BETpa, KOTOPHIC YCH-
JIUSIMU TIEPEAAOTCS HA OCHOBAHME MauThl. BepTukanbHasi Harpyska cocTaBisieT 974 T., TOPU30HTAIBHOE yCUIIUE,
BO3HHKAIOIIEE OT MEHCTBUS BETpa Ha BCIO JUTHHY MadThl, paBHseTcs 48 T. Ha moBepxHOCTh hyHAAMEHTA NEHCTBYET
Harpy3Ka OT BBIIIEICKAIIECT0 IPYHTa TOJIIMHOM 1 M., Ha OOKOBYIO MOBEPXHOCTh (yHIAMEHTA JICHCTBYET NaBICHHE
TCpYyHTA.

Pacuer ¢pynmamenTa ObUT IPOU3BEACH C NCIOIB30BAHIEM IPOTPAMMHOTO KOMITIeKca «JIupa», B KOTopoMm pea-
JIN30BaH METOJ] KOHCUHBIX 3JIEMEHTOB — KaK HanOojee 3 PeKTUBHBIA YUCICHHBIA METOJ PEIICHUS 3a/1a4 MEXaHH-
ku. Pe3yiapTaroM MoenupoBaHUS CTajla MPOCTPAHCTBEHHAs Hecylnas cucreMa (yHIaMEHTa, MpeJCTaBlIcHHAs Ha
puc. 3. dyHAaMEHTHas IUINTA, MOJCIUPOBAIUCH B BHUJE IJIACTUHYATHIX 3-X YrOJBHBIX 3JeMEHTOB. OCHOBaHUE
3manus 3amaHo B cucrteme «JIMPA-I'PYHT»; mis Toro, 4ToOBl OTPAaHUYHUTHh TOPU3OHTAIBHBIC TEPEMEIIECHUS CO-
OpY>KEHHSI UCIIOIH30BaHbI CIEIHAIBHBIE OJJHOY3JIOBbIC KOHEUHBIC 3JIEMEHTHI, MOACIUPYIOIINE TPEHUE TPYHTA.
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Puc. 3. KoneuHno-anemeHTHas cxeMa pacu€THON Mojenu GpyHIaMeHTa U3 MOIYJIbHBIX 3JIEMEHTOB
Fig. 3. Finite element scheme of the calculation model of the foundation of modular elements

ITo pe3ynbraraM pacuéra MakKCHMaJIbHOE 3HAUYECHWE BEPOSITHOW OCAIKH TUIUTHOTO (DyHIAMEHTA, IMOJYyISCHHOE B
MPOTPaMMHOM KOMILIEKCE MPU OCHOBHOM COUYETAHUU PACUETHBIX HATPY30K COCTABHUIIO:
Simax= 83,3 MM <[ §] =200 mmM.
Taxum 00pa3zoM, MaKCUMaIbHOE 3HAUCHHE BEPOATHBIX IedopMaliiii, ModydYeHHBIX B IPOrPaMMHOM KOMITIEKCE,
TaK)KEe HE MPEBBIIIACT 3HAYCHHUS TPECIbHBIX TehopMaIiuii OCHOBaHUSI.

19



CmpoumenvHble Mamepuaibl u u30eaus 2022, Tom 5, Ne3
Construction Materials and Products 2022, 5 (3)

Sarpymeme |

z
Ly
a)
I ]| || I | I
778 318 339 800 1.04e+003 1.28e+003 1.52+003 1.76e+003 2.01e+003

s
Mosanxa mecrsocru Ry mma crait

o L [ | I

z

Ty
.

Ty

Puc. 4. Ycunus B cBasx: a — BO3HHKAIOIIME B CBAsAX M0 OCH X; O — BOSHUKAIOIINE B CBasX
1o ocu Y; B — BO3HUKAIOLIME Ha KOHIIAaX CBasX
Fig. 4. Forces in piles: a — arising in piles along the X axis; b — arising
in piles along the Y axis; ¢ — arising at the ends of piles
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Fig. 5. Isofields of bending moments

U IUIMTBI UCXOA U3 paCcu€TOB I10 IIPOY-

v

Hwxe npeacrasiieHsl pe3yibTaThl 10A00pa apMUPOBaHUs GYHIAMEHTHO

HOCTH HOPMAJIBHBIX CCUCHHUHU U UX TPECIIUHOCTOUKOCTH
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Puc. 6. U3omons TpeOyemMoii ruiomany apMaTypsl Ha

6 — mo ocu X y HIDKHEH rpaHu

Fig. 6. Isofields of the required reinforcement area per 1 linear meter: a — along the X axis
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Ha puc. 7 mpencraBieHbl KOHCTPYKTHBHO-TEXHOJIOTHYECKHE OCOOCHHOCTH W3TOTOBJICHUS (yHIameHTa Oai-
JIACTHOTO THUNA JJIs1 KOHCTPYKIMU OallleHHBIX coopykeHul. [IpemmaraeMoe TeXHUYECKOE PEIICHUE TTO3BOJISET BO3-
BOJWTH BPEMEHHBIE COOPY)KEHHUSI BETPOAIEKTPHUUECKUX YCTAHOBOK, KOTOPBIE MOXKHO Iepeda3npoBaTh ¢ MecTa Ha
MecTo. Taxke TaHHBIE COOPY KEHHSI BO3MOKHO IIPUMEHATH B yciaoBmsax Kpaiinero CeBepa u ApKTHYECKHX 30H.
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BriBoabl
B crathe Obina mpeanoxeHa cxema cOOpHO-pa30opHOro (GyHIAMEHTa MOA CTAIBHYIO ONOPY U Pa3IMYHOTO
Tuna OaleHHbIX coopyxeHnuid. [IpuBeneHo YncieHHOe MOIETMPOBaHNE U KOHCTPYKTHBHBIE 0COOEHHOCTH U3TOTOB-
JIEHUS W MOHTaxka GyHIaMEHTa, pealn30BaHHOTO 10 mateHTy 2633604 «CoopHO-pa30opHEIH (yHIAMEHT MO OTIO-
PBD» IO/ peanbHyI0 OalrHio BbIcOTOH 30 METPOB M MOIIHOCTBIO BETPOdJIEKTpUUecKol ycraHoBKH 150 kB. Pesyib-
TaT COCTOHT B TOM, YTOOBI TIOBBICHTH HECYIIYIO CIIOCOOHOCTH (hyHIameHTa Ha 20%, yBEIMYUTh MPOYHOCTH, YIIPO-
CTUTHh MOHTaX KOHCTPYKIIWH.
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TECHNOLOGICAL FEATURES OF THE CONSTRUCTION OF
A DEMOUNTABLE FOUNDATION FOR TOWER STRUCTURES

Abstract: the paper proposes a new type of modular demountable reinforced concrete foundation for the con-
struction of tower-type structures. Numerical modeling and design features of the manufacture and installation of
the foundation, implemented under patent 2633604 “Demountable foundation for support” for a real tower with a
height of 30 meters and a power of a 150 kV wind power plant, are given. The reduction of material consumption is
achieved due to the formation of a cavity in each typical module and filling it with soil or any inert material. The
result of the proposed solution is to increase the bearing capacity of the foundation as a whole, increase the strength
and rigidity of its main joints, as well as simplify installation in comparison with traditional approaches to design.
Moreover, the foundation modules, where maximum stresses occur, can be made of fibre concrete.

Keywords: foundation, reinforced concrete, fibre concrete, modularity, optimization, structures, tower
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