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SKCIMEPUMEHTAJIbHBIE NCCNEAOBAHNA YCUNENA MTPYHTOBbIX
OCHOBAHWN BbICOKOHAMOPHBLIM MHBEKTUNPOBAHVEM

K.T.H. C. . F'onoBKo, K.T.H. A.C.['0/10BKO,

'BY3 «[MpuaHenposcKas rocyaapcTBeHHasA akageMus
CTPOUTENLCTBA U apXUTEKTYPbI»

B npakTuke CTpouTeNbCTBa W3BECTHO [JOCTATOYHO OO0/bLUOE KONMYECTBO
METO/I0B KOHCTPYKTMBHOrO YCW/eHWs TPyHTOB [1], HEOOXOAMMOCTb B KOTOPbIX
BO3HMKAET NpW MOArOTOBKE OCHOBAHWIA, MOBbLILEHUW  3KCM/yaTauMOHHO
HaZI©XKHOCTN COOPYXXEHUI B YCNOBUAX W3MEHEHUS CBOWCTB rPYHTOB. OfHUM W13
HeflOCTaTKOB  CYLLECTBYIOLUMX METOLOB YCWIEHWs SABMSETCA TO, 4TO Npu
Npon3BoACTBe PaboT 0CNabMAeTCs HEKOTOPas 30Ha OCHOBAHWS, 3NEMEHTbI YCUEHUS
NMBOo MaccuB BK/OYAETCA B paboTy TONBKO NOC/e MPOsSBAEHUA 0CafoK, KOTOpble
4acTO HOCAT HepaBHOMEPHbI XapakTep. MeTof LeMeHTauum Mof BbICOKUM
[JaBNIEHMEM, KOTOPbIA MOXET KNaccnuLmpoBaTbCs Kak KOMOUHMPOBaHHBLIW, UMeeT
pAL, NPeMMyLLecTs B 3TOM OTHOLLEHWW. B 4aCcTHOCTM Npu CO3A4aHUN U36bITOYHOIO
[l@B/leHNs B MacCuBe peaNn30BbIBAETCA 3MMEKT «MNOALOMKPAUMBAHUA» UK
npesBapuTeNbHOrO HaNPSHXKEHUS B CUJTY Yero MaccyB Cpasy BK/KOYaeTcs B paboTy.

Kpome 3TOro BbICOKOHANOPHas LieMeHTauus COMPOBOXAAETCA (U3NKO -
XUMUYECKMMM  MpoLeccamy, € 06pasOBaHWEM HOBbLIX W YMPOYHEHWE CTapbIX
MEXYaCTUUHbIX CBA3ell  (Mpouecc 3aKpenneHus TPYHTOB), YNIOTHEHUEM
OCHOBaHWi MOA BO3AENCTBMEM MOBBILLEHHOTO M36LITOYHOTO AaBneHus (YNnoTHeHue
OCHOBaHWs), B OCHOBaHWW CO34aeTCH MPOCTPAHCTBEHHas CTPYKTypa, KOTopas
BK/IOYAET PErynspHO PacnosfioKeHHble BEpTUKaSbHble apMUPYIOLLMe 3/1eMEHTbI
MOBbLILLEHHOV MPOYHOCTM M3 LEMEHTHO - TEeCYaHON CMecu W  XaoTUYeCKM
pacrnosnoXeHHble MPOCMOMKA Pa3NUYHON OpMeHTaLMK (MPU3HAKN KOHCTPYKTUBHBIX
MeTO/0B).

AKTyanbHOCTb PaboThbl.

MeToj, BbICOKOHANOPHOr0 WMHBbEKTUPOBAHUS TPYHTOBLIX OCHOBAaHWA MOy4nn
[OCTaTOYHO LUMPOKOE NpUMEHEHWE B MPaKTUKE CTPOMTENbCTBA MPW OCBOEHMUM
N/0WAAO0K B YCMOBMAX NOTHON FOPOACKON 3aCTPOIKM, YCUIEHWN OCHOBaHWUIA Mpw
PEKOHCTPYKUMN 3[aHWiA C  YBE/IMYEHWEM Harpys3oK, fMKBMZAUWMW aBapuitHOro
COCTOSIHMS  OOBLEKTOB W CTPOMTE/bHbIX ~ OTKa3oB.  DKCMEepPUMeHTasbHble
NCCNEeOBaHNS YCUNEHUA TPYHTOBbIX OCHOBaHWIA, BK/IHOYAKOLLME OnpefeneHue
MPOYHOCTHLIX M AethOpMaLMOHHLIX CBOWCTB O M NOCAe LeMeHTauuu, AaBneHue
HarHeTaHWs, AMamMeTpPbl WHBEKLMOHHBLIX CKBXWH W WHTEpBaibl HarHeTaHWs Mo
BbICOTE B 3aBWCMMOCTM OT T€O0/IOFMYECKMX YCMOBWIA B HACTOALMIA MOMEHT
nccnefoBaHbl HEAOCTATOMHO NOMHO. Heo6X0AMMOCTb TakKMX MCCNefoBaHWA HYXKHA
[19 BBELlEHNS COOTBETCTBYHOLLMX KOIPDULMEHTOB YCNOBWIA paboThbl B 3aBUCHMOCTU
OT BUfa rPYHTOB M UX COCTOAHUSA /151 MPOEKTUPOBAHWA N KOHTPOA MHBEKLMOHHbIX
paboT. Ha peleHve 3Toi Mpob6nembl M HanpasfeHbl MPeACTaBNEHHbIE HUXe
maTepuaibl - UCCMEefOBaHUA 1 MONYYEHHble MPaKTUYeCKMe pesynbTartbl Mo
OMNpefieNleHNto  OCHOBHbIX — MapamMeTpoB  —  [IaB/IEHUS  HarHeTaHWs,  30HbI
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pacnpocTpaHeHWs WHLEKLMOHHOMO pacTBoOpa, BPEMEHW HArHeTaHWs, KPUTUYECKOro
[laBNIEHNSA HarHeTaHus.

HayuHas n npakTnyeckas HoBU3Ha

Pa3paboTaHHble TeOpeTWYecKMe OCHOBbl WHBEKLIMOHHOIO  3aKpernseHus
FPYHTOBbIX OCHOBAaHWA BbICOKMM faBneHueM [1,2,3] N03BONAT Ha CTaguu
MPOEKTUPOBAHMA pacyeTHbIM TMyTeM ONpejenuTb  NapameTpbl npouecca B
3aBMCUMMOCTM  OT  (JM3UKO-MEXAHUYECKUX  CBOMCTB  FPYHTOBbIX  MacCUBOB,
NoANexallmx 3aKpenseHnto. IKCNepuMeHTaIbHO 0MpPo60BaHHble TEXHONOTMYeCKme
peLleHns Mo  3aKpersieHWto OCHOBAHWI WMEIOT  BbICOKYHO CXOAWUMOCTb C
TEOPETUYECKMMN  pelleHnaMU 1 3h(EKTUBHOCTb MPU  YCUAEHUA  OCHOBaHWIA
VHXEHEPHbIX COOPYXXEHWIA B YCNIOBUAX PEKOHCTPYKLMM W NIMKBUZALIMW aBapUIMHBIX
0TKa30B OCHOBaHWA U (YHAAMEHTOB 34aHUA U COOPYXKEHWIA B Pa3NNYHbIX
MHXEHEPHO-Te0/I0rMYECKUX YC/IOBUAX, MPU MOArOTOBKE OCHOBAHWIA B CNOXHBIX
YCMIOBUSAX, PELleHWN psfa 3KOMOTMYECKUX 3afay Mpy KOHCepsaLluu CBalioK U
pafMoaKTVBHbIX 0TX0L0B. AHaNN3 Pe3y/bTaToB 3KCMNEPUMEHTA/IbHBIX NCCNef0BaHMA
NO3BONWUA  OMPEefeNnTb  SMMUPUYECKME  KO3((UUMEHTbI  yCioBuiA  paboThl,
MO3BOMMBLUME afANTUPOBaTb TEOPeTMYeCKMe (OpPMYynbl A8  NPaKTUYecKoro
MPUMEHEHNA C YYETOM PU3NYECKUX Y MEXAHNYECKNX CBOWCTB peasibHbIX PYHTOBbIX
OCHOBaHWIA.

OCHOBHbIe pe3ysibTaThl

B HacTosLeli paboTe M3N0XeHbl OCHOBHbIE Pe3yNbTaTbl IKCMEPUMEHTaNbHbIX
“ccnesoBaHuin FPYHTOBbLIX OCHOBAHWIA 10, B MEPVOZ ¥ MOCAE BbIMOMHEHUS YCUNEHUS
MHbEKUMEA LEMEHTHbIX U LEMEHTHO-CWIMKATHbIX pPacTBOPOB MOA  BbICOKUM
[laB/IEHNEM.

VccrefoBaHne MHBEKLMOHHOIO  3aKperieHWs MecyaHblX TFPYHTOB 6bino
MPOBEAEHO Ha M/IOLWAAKe, CNOXEHHOW MeNKMMM MecKamn pasfiMyHOW M0THOCTU
npu koagduumeHte nopuctoctn 0,72-0,62 f.ef. € BKIOYEHUAMU CTPOUTENIBHOTO
Mycopa, OTAeNbHbIX ()ParMeHTOB GETOHHLIX Y METaN/IMYECKUX KOHCTPYKUWiA. Mpu
Koath(uLyeHTe HeOQHOPOAHOCTM TPYHTOBOrO Maccusa fio 14 necuaHble pbixible
MPOCNOWKN  CMOCOGHbI K AOYNNOTHEHUIO,  BHYTpPeHHell  cyddosum  npu
VHQUIbTPALMY NMOBEPXHOCTHbLIX BOJ,

OKCnepuMeHTa/IbHbIE  UCCNefoBaHUA Oblny MPOBELEHbl NPU  3aKpensieHnn
MaccuBa Mo TEXHOMOMMU «CBEPXY-BHU3» UHTepBasiaMmn no 1,0m. Ond UCKIYeHUs
BbIX0Ja PacTBOpa Ha NMOBEPXHOCTb LiEMEHTALMA BbIMOMHEHA C OCHOBaHWS 3aLL{MTHON
MOHOMIMTHOM >Kene306eTOHHON M/NThI, B KOTOPYHO BblM YCTaHOBMEHbI KOHAYKTOPA
c warom ot 1,5 go 2,0m. [mamMeTp VMHBEKLMOHHBLIX CKBaXXWH COCTaBMan 112mm.
HarHeTaHve npov3BoAWaoCL Npu AasneHusx 2,5-12,5MMa. MnybuHa LemeHTayum
cocTaBnsana 6,5-7,5M 0T MOBEPXHOCTU MANUTLI.

VccnefoBaHnsa  3aKpensieHHOro MaccyBa 6bi10  BbINOHEHO  CMEeAYHOLLUMN
MeTOaMW:

- [0 npoBedeHWs paboT MyTem MNpO3BYYMBaHUS MaccuBa METOLOM
«Crosshole;

- yepe3 3-4 CyTOK NpoV3BOAWUIOCE OYpeHVe KOHTPOSbHUX CKBaOXUH MeXay
NHBEKUMOHHbIMK ¢ warom 0,35-0,50M c onucaHvem KepHOB AMameTpom 84Mm u
M3yYeHreM BKIIFOUYEHUIA LLEMEHTHOIO KamHs;
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- Yyepes 7, 28 1 48 CyTOK BbIMOMHANOCL KOHTPO/IbHOE NPO3BYYMBaHNE MaccMBa
meTofoM «Crosshole;

[ns  onpefeneHns kavecTBa LeMeHTaUuuu nNpPo6ypeHo 22 KOHTPOSbHbIE
CKBOKWMHbI C OTOOPOM KepHa W onucaHueM. CpefHeB3BELUEHHOe 3HaueHue
COAEpPXKaHUs LEMEHTHOTO KaMHA MO pa3/MYHbIM CKBaXMHAM HaxoAunocb B
Anana3oHe 0T 18 Ao 24%. XapaKTep KepHa CBWAeTeNbCTBOBa/l 06 06pa3oBaHuMm
paspbIBOB C/0S, YNNOTHEHNUS TPYHTA MEXAY LEMEHTHBIMM NPOCNOKaMy TOSLLMHON
0,3-3,2cm, nokanbHO [0 20CM C MOBbIWEHWEM MAOTHOCTM W MPOYHOCTHBIX
XapaKTepucTuK.

WccnegoBaHme Maccuea MeTogom  «Crosshole» Mokasano, 4TO CKOPOCTb
NPOLONbHbIX BO3pocna B 1,7-1,9 pasa, nonepeyHbix BosiH B 2,0 pasa. Co BpeMeHeM
MPOYHOCTb U CelicMUYecKas >XeCTKOCTb MaccuBa LOMOMHUTENbHO Bo3pocna Ha 10-
12%.
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Puc.1 3akoHOMEpPHOCTM PacnpoCTpaHeHWs MpOAO/bHbIX BOMH VN mM/C B
MmaccvBe. 1- [0 UeMeHTauuu, 2- yepe3 7 CyTOK MOC/e LemeHTaumu, 3- yepes 24
CYTKM NOCNe LeMeHTaLmu, 4 — yepes 48 CyTOK Moc/ie LieMeHTaLuu.

ViccnefoBaHne — 3aKOHOMEPHOCTE  LEMEeHTauMu  [IMHUCTBIX — FPYHTOB
BbIMO/IHEHO Ha HECKO/bKMX OMbITHbIX MNOWaaKax C Mocnefyrowmm oT6opom
06pasyoB M Npob, BCKPbITMEM MaccvBa Wyp(amMmn U KU3yYeHWst CTPYKTYpbI
3aKpenyieHHOro MaccuBa. JKCMepuUMeHTalbHble UCCNef0BaHNA MpoBefeHbl Ha 27
nowagkax npu 3akKpernsieHnn anMiBUaNbHBIX W NIECCOBLIX CYMECei, CyrfMHKOB
pa3INYHO KOHCUCTEHLMM B AuanasoHe 3HaueHuid nokasarens tekyyectu 0,30...1,0
A.en. Obwuii BUA CTPYKTYpPbI 3aKPENJIEHHOT0 FPyHTa nog yHAaMeHTaMm U MaccmBa
NpUBOAUTCA Ha puc 2, 3 1 4.
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Puc.2 O6wWwwidi Bug CTPYKTYpbl 3aKPEMSIEHHOTO TPYHTOBOIO MaccuBa Mog,
(hyHAAMEHTOM: BEPXHSISl 30Ha — (DYHAAMEHT, HUXKHSIS 30Ha — 3aKPEM/IeHHbI MaccyB.

Puc.3 O6wuii B1A 3aKpenieHHOro rpyHTOBOrO MaccmBa Nog lyHAaMeHTOM.
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Puc.3 ®parmMeHT BCKPbITWS 3aKPEM/IEHHOTO TPYHTOBOrO MaccuBa Mpw
MoArOTOBKE OCHOBaHUS (hyH/IaMEHTOB.

OKCNEPVMEHTA/IbHBIMI ~ UCCNIEJOBaHUAMI  3aKPEMIeHHOro Maccuea  6bio
YCTaHOB/MEHO, YTO MAOTHOCTb FPYHTOB B CyXOM COCTOSIHUM [/ PAaCYETHOIR 30HbI
3akpensieHusa BospactaeT ¢ 1,46...1,62 r/cm3 pgo 1,82...2,03r/cm3, mMoaynb
fedopmauum nosbiwaeTcsa B 1,55...2,85 pasa, yaenbHoe cuenneHve Ha 25... 50%,
Yro/ BHyTPeHHero TpeHus so3pacTaeT Ha 12-20%.

[na onpefeneHns KpUTUYECKOrO [ABMIEHUA UHBEKTUPOBaHWUSA NPU U3BECTHOM
paccToOfHUM  MeXJy CKBaXUHamMu paHee B pa6oTax [1,2,3] nosiyyeHa
TeopeTuyeckas opmyna

n/2
4 x2+y2+22) 51 HH -2)Bing, +c Gosp,
PKp :k1D - n ,
(3—smgpI )EIR

Ha ocHoBaHWM CTaTUCTMYecKol 06paboTKM pPe3ynbTaToB WCMbITaHWIA Mo
OMbITHBIM MIOWAAKaM (CM. puUc. 4 U 5) AN NPaKTUYECKUX PacueToB MOKasaTeslb

CTENEHN PEKOMEHAYETCA NPUHNMATL:

n=(-141+0,75)+(4,2+8,66)0 | AN TIMHACTBIX  TPYHTOB
o
n=(-0,78+458)+(4,45+6,96)@—na MnecyaHoro rpyHTa [

3pech |, - nokasaTeslb KOHCUCTEHUMN; € - KOSCD(*)VILI.VIEHT NopuCToCTn.
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Puc. 4. ConocTtaB/ieHne 3KCMEepPUMEHTANIbHLIX M TEOPETUYECKUX 3HaYeHWi
NnoKasaTens CTEMeHW n ANA Nec4aHoro rpyHTa. 1 — aKCneprMeHTa/IbHbIe 3HaYeHus, 3
— TEOpPEeTUYECKME 3HaYeHs, 2 U 4 — rpaHnLLbl U3MEHEHNA NoKasaTens n
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Puc. 5. ConocrtaB/eHne 3KCMEPUMEHTANIbHLIX W TEOPETUYECKUX 3HaYeHWi
rnoKasaTens CTeneHu n Ana rAUHUCTONO rPyHTa. 1 — 3KCMepUMeHTasbHble 3HaYeHus,
3 — TeOpeTnYecKmne 3Ha4YeHus, 2 1 4 — rpaHnLbl U3MEHEHNA NOKasaTens n

Pa3paboTaHHas  pacyeTHaa  MeTogMka  Oblna  MCNonb3oBaHa — Mpu
MPOEKTUPOBaHNM YCWMIEHWSt W MOLTOTOBKE OCHOBaHWA peanbHbIX O06BEKTOB.
YcuneHne OCHOBaHWIA 6bi0  BbINOMHEHO 6oniee 4YeM Ha 60 pasUYHLIX MO
FPYHTOBbIM YCNOBUAM NNOWAAKaX, BK/KOYas: MENKWE MecyaHble, CyrnecyaHble u
HacblIMHble FPYHTbI 06beKTa «YKpbITUE» YepHOObINbCKO ADC B AnanasoHe rinyomH
0,5...7,5M, neccoBble NpPOCafOYHbIE CYMecM W CYr/IMHKA BTOPOro Tuna npu
MOArOTOBKE  OCHOBaHWS  NOL  NPECCOBYK  JIMHWIO  [ENCTBYIOLLEro  Lexa
HWKoMoMbLCKOro 3aBofa HepKaBewowwmx Tpyb6 Ha rnybuHax 2,25-12,5M, YCnoBHO-
MpocagoYHble NeccoBble Cymecy CBaliHOro OCHoBaHusi kKopnyca T HAHY B T.
[HenponeTpoBcke Ha rnybumHax 19-24m. B ycnoBusix MNAOTHOW TOpPOACKOW
3aCTPOMKM B LEHTpanbHOM 4acTu . [HenponeTpoBcka (BOAOHACHILLEHHbIE

135



CYIIMHKW, CYNecu W Meckun) NpPoBefeHO WHBLEKLMOHHOE YCWeHWe rpyHToB Ha 20
06BLEeKTaX, MOHUTOPUHT 3a 06beKTaMu B TedeHue 15...5 neT nokasan cTabunbHyO
paboTy OCHOBaHWA C 06ecneyeHVeM HOPManbHOW 3KCMyaTauuu  34aHuid.
Habniogasluvecs fgedopmaumy CTabuin3MpoBaancb MNPaKTUHECKW Ccpasy nochne
3aBepLUEHNA YKPEenuTESbHbIX paboT.

BbiBOAbI

Pe3yanaTb| npoBeaeHHbIX TeopeTn4yecKnx n 9KCNepnMeHTalbHbIX
nccnefoBaHUli MO3BOMMAN CAENATb TaKne BbIBOAbI.

1. Ha ocHOBaHUM WcCnefoBaHUA TEKCTYPbl YCWUMEHHbIX C UCMO/b30BaHWEM
MeToAa BbICOKOHAMOPHOW LEMeHTauuM OCHOBaHWIA Oblf0 YCTaHOBMEHO, YTO ero
CBOICTBA NoCne NpeobpasoBaHMs 3aBUCAT OT AvaMeTpa CKBaXKWH, AMHbI y4YacTKa
CKB&KMHbI, Ha KOTOPOM BbIMO/HAETCS WHBLEKTUPOBAHMWE, AABMEHWS, NPY KOTOPOM
NPOV3BOANTCA WHLEKTMPOBaHWE, BPEMEHW UHBEKTMPOBaHNA t0, wara paccTaHOBKM
CKBaXKWH, Yepe3 KOTOpble HarHeTaeTCs MHbEKLMOHHDIA pacTBOP (3TOT TEXHUYECKNIA
napameTp TECHO CBA3aH C PafnycoM MPOHNKHOBEHWS PacTBOPA B FPYHT).

2. VccnepoBaHo HanmpshkeHHO — AedOPMUPOBaHHOE COCTOSIHME B Mpouecce
MHBEKTUPOBaHNS M pa3paboTaHbl (OpMy/bl 418 ONpeaeneHus TeXHONOTMYECKNX
napaMeTpoB C BBEJEHVWEM COOTBETCTBYHOLLMX 3IMMMPUYECKMX KO3M(PULMEHTOB B
3aBNCUMOCTM OT BUfAa TPyHTa M €ro coctosiHus. B pacuetax wWCMonb3yroTcs
MEXaHUYeCKe XapakKTePUCTVUKN TPYHTOB, TOMyYEHHbIE MPU  W3bICKAHMAX Ha
0CHOBaHWU [e/CTBYHOLLMX CTaH4apTOB.

3. [nuTenbHble  HabMOAEHWS 33 COOPYXXEHUAMW  MOLTBEPXKAAOT
3(p(heKTMBHOCTb METOAA YCWMIEHUS TPYHTOB BbICOKOHAMOPHON WHbLEKUMEA B
Pa3INYHbIX FTPYHTOBbLIX YCMOBUSIX.
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