RUP «Institut BeINIIS». — Ne a 20111166 ; zayavl. 02.09.2011 ; opubl. 02.09.11 //
Ofitsial’nyj bjul. / Nats. tsentr intellektual. sob., —2011.

4. Rekomendatsii po proektirovaniju i ustrojstvu gruntobetonnyh svaj v burorazdvi-
dznyh skvadzinah. — Minsk: OAO «Strojkompleks», 2005. — 51s.

5. Rekomendatsii po proektirovaniju i ustrojstvu vertikal’no armirovannyh osno-
vanij (geomassivov) dlya plitnyh fundamentov zdanij i soorudzenij v gruntovyh
usloviyah Respubliki Belarus’: R 1.02.133 -2014 (2022). — Minsk: RUP «Stro-
jtehnormy, 2014 (2022). — 28s.

6. Fundamenty plitnye. Pravila proektirovaniya : TKP 45 -01-67-2007. — Minsk:
MAIiS RB, 2007. — 144 s.

7. Mirsoyapov, I.T. Issledovanie prochnosti i deformiruemosti prosadochnyh
gruntovyh osnovanij, armirovannyh vertikal’nymi elementami / I.T. Mirsoyapov, V.R.
Mustakimov // Trudy medzdunarod-noj konferentsii po geotehnike «Vzaimodejstvie
soorudzenij I osnovanij: metody raschyota 1 indzener-naya praktika». Tom 2. — SPb,
PGUPS, 2005. — S. 40-45.

8. Ter-Martirosyan Z.G., Ekvivalentnye harakteristiki deformiruemosti 1 prochnosti
mnogokompo-nentnogo grunta / Z.G. Ter-Martirosyan // Materialy Medzdunarodnogo
Soveschaniya zavedujuschih kafedrami MGr., Indz.Geologii, OiF i Podzemnogo stroi-
tel’stva stroitel’'nyh vuzov 1 fakul’tetov, M.: MGSU, 2003. — S. 15-25.

9. Tokin, A.N. Fundamenty iz tsementogrunta / A.N. Tokin. — M.: Strojizdat, 1984. —
184 s.

10. Osnovy proektirovaniya stroitel’'nyh konstruktsij (na osnove EN1990:2002):
SN 2.10.01 —2019. — Minsk: MAiS RB, 2020. — 89 s.

VJIK 624.15

OIIBIT YCTPOMCTBA I'TYBOKHUX ®YHIAMEHTOB
oA ObOPYAOBAHUE BHYTPU CYILECTBYIOUWEI'O 3JAHUSA HEXA
METAJJVIOKOHCTPYKIINAN

A.ILKpemnés', I0.B- Anucumoé’, E.I. Kpemnesa’

I'x.m.n, 0oyenm, doyenm xagpedpvr cmpoumenvHbIx KOHCMPYKYULL, Yupedcoerls 06pa306anus
«Ilonoyxuii cocyoapcmeennwiii ynusepcumem um. Eegppocunuu Ilonoyxoiiy,
Hoeononoyx, benapycw, e-mail: kremnev_si@mail.ru
2 Cmapwuii npenodasamens kagedpuvl 2eomexnuxa u cmpoumenvnas mexanuxa, «benropycckuii
HAYUOHANbHbIU mexnudeckull ynugepcumempy, 2. Munck, benapycs, e-mail: 6619151 @tut.by
3 k.m.n, doyenm, 3asedyrowuii Kageopoii apxumexmypoi u OU3ATIHA YUpedrcOerls 0OPA306aHs
«Ilonoykuii eocyoapcmeennuiii ynusepcumem um. Eegppocunuu Ionoyxoiiy,
Hosononoyx, benapycs, e-mail: e.kremneva@psu.by

Pegepar

B cTaThe paccMaTpuBaeTcs mpuMep yCIEIIHOTO BO3BEICHUS TITyOOKUX hyHIaMeH-
TOB BHYTPH CYLIECTBYIOLIETO MMPOU3BOJACTBEHHOIO 1I€XA B CIIOKHBIX T€OJOTHYECKHUX
YCJIOBHSIX, XapaKTEPU3YIOIINXCSI BBICOKMM YPOBHEM I'PYHTOBBIX BOJ U HAJIMYUEM BO-
JIOHACKIIIEHHBIX TIECKOB, MEPEXOAIINX B IUIBIBYHHOE COCTOSIHUE TIPU MaJieiIieM BUO-
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panmoHHOM BozneicTBuM. [Ipu aTOM riyObrHa 3a1okeHus: PyHIaMeHTOB Mo 000py-
JOBaHHE 3HAYUTENILHO MPEBBIIIANA IIyOUHY 3aJI0KeHHs (PYHIaMEHTOB KOJIOHH CyIIle-
CTBYIOILIETO 3/IaHHUS.

Pemenue naHHON re0TEXHUYECKOM 3a/1aud CTall0 BO3MOXKHBIM Oiiarogaps mpume-
HEHUIO COBPEMEHHOW TEXHOJIOTUH Jet grouting, MO3BOJUBIIEH B CIIOKHBIX YCIOBHUSIX
PEKOHCTPYKIMH BBINOJIHUTH YIIPOUYHEHNE TPYHTOB OCHOBAaHUM (PyH/IaMEHTOB, CO3/1aTh
[IEMEHTO-TPYHTOBYIO TOJMOPHYIO CTEHKY, OOecreunBaroell ycTtoiunBoctsh GhyHaa-
MEHTOB CYLIECTBYIOIIETO 3aHUS.

KiroueBble ¢j10Ba: GyHIaMEHTBI, pEKOHCTPYKIIUS, CTPYHHAS TEXHOJIOTHS, BOJIO-
HACBHIIIICHHBIE TICCKH, YCUJIICHHE OCHOBAHMIA, TPOTUBOPIIBTPAIIIOHHAS 3aBeCa, TOBBI-
IeHUE KBATA(DHUKAIINN.

EXPERIENCE IN DEVELOPING DEEP FOUNDATIONS
FOR EQUIPMENT INSIDE THE EXISTING BUILDING
OF THE METAL STRUCTURES MANUFACTORY

A.P. Kremniou, Yu.V. Anisimov, E.G. Kremneva

Abstract

The article considers an example of the successful erection of deep foundations
inside an existing production workshop in difficult geological conditions, characterized
by a high level of groundwater and the presence of water-saturated sands that turn into
a quicksand at the slightest vibrational impact. At the same time, the depth of laying
the foundations for the equipment significantly exceeded the depth of laying the foun-
dations of the columns of the existing building.

Key words: foundations, reconstruction, jet grouting, water-saturated sands, rein-
forcement of foundations, impervious curtain, advanced training.

Bsenenne

TexHruuecKkoe NepeBOOPYKEHUE TPOMBIIICHHBIX MPEANPUATANA TSHKEJIOro Mallu-
HOCTPOEHHUSI B OOJIBLIMHCTBE CIIy4aeB MPUBOAUT K HEOOXOJMMOCTH pa3MEIECHUs
BHYTPH CYILECTBYIOIINUX MTPOU3BOACTBEHHBIX KOPITYCOB COBPEMEHHOTO, BBICOKONPO-
M3BOJUTENILHOTO O0OpYI0BaHUs, 3a4acTyio 0ojiee MAaCCUBHOTO U JOPOTOCTOSIIETO.
J11st HOBOrO 000pY1I0BaHUSI BHYTPH 1I€Xa YaCTO TpeOyeTcs BBIMOJIHUTH HOBbIE (PyH1a-
MEHTBI, TITyOMHA 3aJI05KEHUS] KOTOPBIX MOXET MPEBBIIATh NTyOUHY 3aJI0KeHUs (yH-
JaMEHTOB HEeCYIIEro Kapkaca 31aHus B 2 u Oosee paza. Bo3Benenue ¢pyHIaMeHTOB,
B 3TOM ClIy4ae, IpeICTaBIIAET COOO0 CI0KHYIO FT€OTEXHUUECKYIO 3a/1a4y, PeIIeHHE KO-
TOPON BO3MOKHO JIMILIb C Y4ETOM UHKEHEPHO-T€OJOTMYECKUX U THAPOTE€0TOTUYECKUX
YCIIOBHM, TEXHHMYECKOTO COCTOSIHMSI HECYIIMX KOHCTPYKLMH 3JaHMs, MUMEIOILIErocs
CTPOUTEILHOTO 000PYIOBAHMSI U TEXHUYECKOM BOZMOKHOCTH YCTPOICTBa (PyHIaMEH-
TOB BHYTPHU CYLIECTBYIOIIETO 31aHus [1].

YceTpoiicTBO PyHAAMEHTOB PA3MOTOYHOI0 CTaHA

B kauecTBe nmpumepa MOXKHO MPUBECTHU OMBIT YCTPOMCTBA (PYHIAMEHTOB MO/ pa3-
MOTOYHBIM CTaH L€Xa METAUIOKOHCTpYKIuH B m.MdapuHoBo, Ilonoukoro p-Ha. Co-
IJIACHO MPOEKTY, (hyHIAMEHT AaHHOTO O0OpYAOBaHMS MPECTABIsAET COOOM Kene30-
OETOHHYIO KaMepy r1yOnHOM 3anoxeHus -4,320M oT ypoBHS 10J1a, 4TO Ha 2.46M HUKE,
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4yeM riyOuHa 3ajo0xeHus (yHIaMEHTOB HECYLIEro Kapkaca uexa, puc.l. Ilpu stom,
B OCHOBaHUU ()yH/IaMEHTOB 3/1aHUS 3aJIETaji MEJIKHE BOJAOHACHIIIIEHHbIE IECKU TIPaK-
TUYECKHU HA BCIO MTYOMHY C)KMMAEMOM TOJILH.

[TpoekToM ObLIO IPEAYCMOTPEHO YCTPONCTBO IIITYHTOBOT'O OTPAKIACHUS B BUJIE 3a-
MKHYTOT0 KOHTYypa u3 npodus JI-4 tuna Jlapcen qiunHoit 7M. YUUTHIBasi CTECHEHHBIE
yCIIOBUSI pabOT BHYTPH 1I€Xa U OTPAaHUYEHUE IO BBICOTE, 3aKa3YMKOM OBLJIO MPUHSATO
pELICHUE CHATh BEPXHUI CJION IPyHTa 10 OTMETKH -1,71M, COOTBETCTBYIOIIEH YPOBHIO
IPYHTOBBIX BOA U, (PaKTUYECKH, YPOBHIO MOJOUIBBI CYIIECTBYIOIIMX (PYyHIAMEHTOB.

[Tocne BUOpOMOrpyKEHUS MEPBBIX K€ IIMYHTOBBIX 3JIEMEHTOB KOTJIOBAaH Hayaj
MHTEHCHUBHO 3aIlOJHATHCS BOJOW ¢ 00pa3oBaHHEM r'M(OHOB C OOMIIBHBIM BOJOIPUTO-
KOM, COJEp’KallliM MbLIEBATYI0 (PaKIMI0 MECYaHoro rpyHta, puc.2. Kpome Toro,
B HECYIIHUX JJIEMEHTaX 37aHusl 00pa30BaUCh CYIIECTBEHHBIC ACPEKTHI B BUIE Pa3-
pBIBA DIIEMEHTOB BEPTUKAIBHBIX CBA3EH, PACCTPONCTBO CTHIKOB CTPOMUIIBHBIX OAJIOK C
0a30i KOJIOHH, pa3pyllICHUs ONOPHOW YacTH PEOPUCTBIX IUIUT MOKPBITHS, pHC.3.
B xozxe aeranpHOro o0Ocien0BaHUS HECYILIMX 3JIEMEHTOB 3/1aHUs ObUIO YCTaHOBJICHO,
YTO B MPOLECCE MOTPY>KEHUS LIITyHTa MPOU30IILIa OcafKa Omu3nexanmux GpyHaamMeH-
TOB 3/1aHUSI BCJIEACTBUE Pa3KIKEHUS TPYHTA PU BUOPALIMOHHOM BO3/ecTBUN. Mak-
CHUMaJIbHOE 3HaYEHHE JOMOJHUTEIBHON OCaiKi (yH/ITaMEHTOB KOJIOH COCTaBHIIO 70MM.
PabGoTh! OBLTM TPUOCTAHOBIICHBI.

Puc.l1. Ilpoexmnoe peutenue memooa npou3eo0cmea paoom
npu ycmpoiicmee pynoamenma noo oo6opyoosanue
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Puc.2. Cocmoanue komnosana nocie 3a0U6Ku WinyHma

Puc.3. Pazpywienue onopnoit yacmu peopucmosix naum noOKpolmus

YuuThiBas BaXXHOCTh JAHHOI'O MHBECTULIMOHHOTO IPOEKTA JJIsl HAIIEro pEeruoHa,
HE00X0AMMO OBLIO B KpaTyallIie CpOKU pa3paboTaTh HOBBIM MPOEKT MPOU3BOJICTBA
paboT Mo yCcTpoCcTBY (PyHAAMEHTOB Pa3MOTOYHOIO CTaHa, a TAK)KE METOJ YCUIICHUS
(GyHIaMEHTOB C YUYE€TOM CIIOKUBILIEICS CUTYaI1H.

VYcunenue npoceBmux GyHIaMEHTOB, HAMH OBLIO MPEAJIOKEHO BBIOJHUTH TyTEM
YCTPONCTBA KOPHEBBIX 1IEMEHTOIPYHTOBBIX CBal, yCTPAUBAEMbBIX C MCIOJIb30BAHUEM
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TEXHOJIOTUU CTpYiHOM 1lemeHTanuu (Jet grouting). I1o 1ByM cTropoHam Kaxaoro ¢hyH-
JaMEHTA, TIONABIINX B 30Hy BUOPAIIMOHHOTO BO3JEHCTBHS, HOBBIM IIPOEKTOM TIPEIy-
CMAaTpPUBAJIOCH BBIMOJHCHUE OJMHHAIIATH CBAall BIUIOTHYIO K TPAHSM €ro MOJIOIIBHI.
[Ipu >TOM OmpKkaiimasi K KOTJIOBaHY CTOpOHA (hyHJaMEHTa YCHIIMBAJIACh CEMBIO CBa-
SIMU, TPH U3 KOTOPBIX OBLTM HAKJIOHHBIE, prc.4. [IpoTHBONOIOXKHAS CTOpPOHA - He-
TBIpBMS CBasiMu. L{MIMHIpUYECKHE IEMEHTO-TPYHTOBEIE CBaM B 3TOM CITy4ae BBIIIOJI-
HSUTU POJIb apPMUPYIOIIUX 3JIEMEHTOB, CYIIECTBEHHO CHMYKAIOIIMX BO3MOKHOCTB Pa3-
BUTHS 30H BBIIIOPA IPYHTA U3-TIO ITOIOUIBBI CYIIECTBYIOIIUX (QYHIaMEHTOB.

Jliis 6e30macHOro BCKPBHITHS KOTJIOBaHA (DyHAaMEHTa Moj 000pyJaoBaHHE ObLIO
MPEITI0KEHO BBITIOIHUTD CILIONIHYIO CTEHKY M3 CEKYIINXCsl [IEMEHTO-TPYHTOBBIX CBaif,
BBITIOJIHSAEMBIX TaK)Ke MO CTpyHHOH TexHojoruu. CBaW BBIMOJHSUIMCH BIUIOTHYIO
K pyHIaMEHTaM CTESHBI 10 OCH «B» B 30He, HETOCPEACTBEHHO MPUMBIKAIOIIEH K MECTY
MIPOBEICHUS 3eMIISTHBIX Pa0oT. CILIONIHAS IIEMEHTO-TPYHTOBAsI CTEHKA OJJHOBPEMEHHO
CITYXKHJIa TPOTHBOGUIBTPAIIHOHHON 3aBECOU.

Puc.4. Cxema ycmpoiicmea yemenmo-zpyHmosvlx ceaii:
1-¢epmuranvnoie céau; 2 —naxnonnsie ceau (noo yznom 30° om eepmuranu).

[leMeHTO-TpPYHTOBbIE CBaW  BBIMOJHSUIUCh KOMIUIEKCOM  TEXHOJIOIMYECKOTO
obopynoBanusi, cocrosuM u3 0ypoBoit yctaHoBkun «KLEMM» KR708 (I'epmanms)
Ha TYCEHHYHOM XOJy M HacocHoro otopyaoBanus TW Mini Jet Compact Unit
(Uranust) cunamu 6yposoit komnanuu O/JO «I'eopemctpoit», puc.4. YcraHoBka pado-
Taja Mo OJHOKOMIIOHEHTHOH cxeme. B kauecTBe paboueil KMIKOCTH BBICTYIIAT BO-
norieMeHTHBINH pacTBop ¢ B/I1=0.8. PaGouee naBmenne 25-30 MIla. Beero Ob110 BBI-
MOJTHEHO 65 cBaii 1yuHOM 4-5M. B x0/1€ TpOOHOT0 BCKPBITHSI IEMEHTO-TPYHTOBBIX 3JI€-
MEHTOB YCTaHOBJIEHO, YTO (DAKTUUECKUI JUAMETpP CBail B ECUaHOM I'PYHTE COCTABUII

300-350MmMm.
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[TpuHSATHIC TEXHUYECKUE PEIICHMSI TTO3BOJIMIIN BBIIIOJIHUTH BCKPHITUE KOTJIOBAHA HUXKE
MOJIOIBBI IO OTMETKHU -3,7M, YTO BBIIIE MPOEKTHOM OTMETKH. BCKpBITH KOTJIOBaHA Ha
OOJIBIITYIO TIYOMHY HE TO3BOJIMJI 3HAYUTEIBHBIN MPUTOK BOJBI CO JIHA KOTJIOBAHA C SIB-
HBIMM TIPU3HAKAMU BBIHOCA MECYAHOrO TpyHTA. IIpeioKeHHBIM BapuaHT yCTpPOMCTBA
HIDKE JTHA KOTJIOBaHA TUTACTOBOM TOPHU30HTATEHON TTPOTUBO(DIITETPAIIMOHHOM 3aBECHI C HC-
MOJIb30BAaHUEM CTPYHHOM TEXHOJOTMHM  3aKa3uMKOM He ObLI COrjlacoBaH, HO OH COrJjia-
CWICS Ha YaCTHYHOE YMEHBIIICHUS TJyOMHBI TEXHOJIOTHYECKOTO MpUsSMKa M, CJIE0Ba-
TEJIBHO, HAa YMEHBIIICHUE ITyOUHBI 3aJ10)keHus pyHaamenTa Ha 0,6M.

0)

Puc.3. Yempoiicmeo yemenmo-zpynmoeuix ceaii no mexuonozuu Jet grouting:
a) - 00uuIl 6UO YCMAHOBKU; 0) - U36]1€4EHH LI hpaAzZMeHm yeMeHmo-2pyHmaoeoil ceau
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Bce paboThl M0 yCTpOWCTBY (PyH/1aMEHTA BBIMIOJIHSIUCH CUJIAMU CTPOUTENILHOM Op-
ranuzanuu OO0 «HITI® Crpoutensy» r. HoBomomonk. O6mwmit Bux GpyHIaMeHTa pas-
MOTOYHOTO CTaHa MOcJje M0 OKOHYaHUIO PabOT Mpe/ICTaBlIeH Ha puc.4.

Puc.4. Oowuii 6uod pynoamenma noo ob6opyoosanue nocie 3a8epuieHuss MOHOJTUMHBIX
Padom u 4acmMuYHOIU 3aCLINKU KOMI06AHA

B 3akitoueHuu cuntaro He0OXOAMMBIM 0OpaTUTh BHUMAHKE Ha TOT (DAaKT, YTO Mep-
BOHAQYaJbHOE PELIEHUE O BUOPONOIPYKEHUN METAITIMUYECKOIO IIMyHTa B BOJOHACHI-
IIEHHBIX TPYHTaX ObLJIO 3aBEJOMO OIIMOOYHBIM U MOTJIO IPUBECTU K OOPYILIEHUIO Kap-
Kaca 371aHMs 11eXa. JTO CBUAETENIbCTBYET O HU3KOM YPOBHE T€OTEXHUYECKOUN MOATO-
TOBKH CITEIHAJINCTOB IIPOEKTHOM OpraHu3aluil, NpUHABIINX Takoe pemenue. K coxa-
JIEHUIO, TAKMX IPUMEPOB MOXKHO IPUBECTU JOCTATOYHO MHOTO.

OcHOBHas IpUYKMHA, HA HAI B3IV, 3aKJIF0YAETCS B TOM, YTO B IPOEKTHBIX Opra-
HU3ALMAX PACYETOM M MPOECKTUPOBAHUEM (PYHIAMEHTOB 3aHUMAIOTCS CIIELMAIIUCTHI,
HE UMEIOLIUE JOCTATOYHBIX 3HAHUH U OIbITa FEOTEXHUYECKOTO MPOEKTUpOBaHus. Tpa-
IUIMOHHO, MPOEKTUPOBaHHEM (PYHIAMEHTOB 3aHHUMAETCS MH)KEHEP-KOHCTPYKTOD,
MMEIOIIHNA COOTBETCTBYIOIIMI KBaMU()UKAIMOHHBIA aTTECTAT, MPU MOJYyYEHUHU KOTO-
pOro B MEPBYIO OYEPE/lb MPOBEPSAIOTCS 3HAHUS MO PACUETY HECYIIMX KOHCTPYKIIMIA
HAJ3€MHOM YacTH 3/1aHHUs, U JINIIb HEOOJIbIIAst YaCTh BOPOCOB KAaCACTCsl MHKEHEPHOU
re0JI0rMH, MEXaHUKU TPYHTOB, OCHOBaHHUM 1 ()yH/IaMEHTOB.

PykoBoauTensiMi NpOEKTHBIX OpraHU3aluid HE YAENSIeTCsl TO0CTaTOYHOIO0 BHUMa-
HUS MOBBIIIEHUIO KBAIM(PHUKAIIMU CIELHMAIUCTOB (PYyHIAMEHTIMKOB, (PaKTUUECKH UT-
HOPHUPYIOTCS pEKOMEHIALMH IO TEPUOINYECKON CTAKUPOBKH CBOUX COTPYAHUKOB, HE
BBIJICJISIFOTCSL CPECTBA JJIsl yUYacTUsI B CEMHHApax, MPOBOJUMBIX C yHYACTUEM Clelra-
auctoB benopycckoro o01iecTBa re0TEXHUKOB.

CunrTaro, 4TO CJIOKUBIIASICS CUTyalUsl TPEOyeT MPUHATHS COOTBETCTBYIOLUX MEP
CO CTOPOHBI PyKOBOACTBa MHUHHCTEPCTBA CTPOUTENBCTBA U ApXUTEKTYpPHI. B mepByro
ouepeab He0OXOAMMO BBECTH B ILITAT MPOEKTHBIX OpPraHU3alMi JOHKHOCTD CIIEIUATH-
CTa-r€OTEXHMKA, KaK 00s13aTEJIbHOE YCIIOBUE [ ITOJIyYE€HHUS aTTECTaTa COOTBETCTBHS,
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KaK MUHUMYM, JJIs1 coopykeHuil kateropuii cioxknoctu K1, K2 u K3. ITpu stom, at-
TECTAlMI0 CIENUATUCTOB-TEOTEXHUKOB HEOOXOIMMO MPOBOAUTH MO CIEIUATLHOM
IpOrpaMMe B X0JI€ IPOXOKIECHUS KypCOB MOBBIIICHHS KBaTU(UKAIIMU U TIPU TTOCTO-
SHHOM Y4YaCTHU B CEMUHapax, MPOBOAUMBIX 1o aruiol benopycckoro obiectsa reo-
texHukoB (BOOCT).
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Pedepar

B naHHOI1 cTaThe paccMaTpUBAIOTCS BOMPOCHI TEOPUHU CLEIICHHS apMaTyphl IIEPHO-
JIMYECKOT0 TPOGUIM ¢ OETOHOM, MPUBEACHBI TEOPETUYECKUE U IMITUPUUYECKUE 3aBHUCH-
MOCTH OTPEJEIICHUs 3aKOHOB CIICTIJICHUS, KIIFOUEBbIE MapameTpbl. PaccMOTpeHbl KOH-
CTPYKTHBHBIE CXEMBI JIJISl ONIPEICIICHUS CLICTUICHHUST KEPaM3UTOOETOHA C apMaTypOH.

KiarueBble cjioBa: CHCIUICHUC apMaTypPhbI, TCOPHUs, 3aKOHBI CHCIIJICHMAA.

COUPLING OF REINFORCEMENT OF PERIODIC PROFILE
WITH LEAVED CONCRETE

P. V. Krivitskiy, T. N. Sedlyr

Abstract

This article discusses the theory of a periodic profile reinforcement bond, discusses
the theoretical and empirical dependences of the patterns of bond, characteristic pa-
rameters. Structural schemes for determining the bond of expanded clay concrete with
reinforcement are considered.

Keywords: rebar bonding, theory, laws of coupling.
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