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Anomauin. IMocmanoska npoonemu. Habusui nani y npoburux csepaioBunax (HIIIIC) BupisHse BUCOKHMI
CTYNiHb BUKOPHUCTAaHHS HECyd4oi 3aTHOCTI OCHOBHM BHAcCHiOK (OpMyBaHHS B Hiif YIIUIBHEHOI 30HM 32 PaxyHOK
BUTHCHEHHS IPYHTY B 00’eMi TpaMOIiBKH i BTpamMOOBaHOTO Matepiany po3umpeHHs. Crocid iX 3BefeHHS Maibke BHIIydae
3eMIIsHI W omamyOHI poOOTH, 3HIDKYE BUTpPAaTH OCTOHy W MeTaly, NIPUCKOPIOE HYJIBOBHH LHKI TOPIBHSIHO 3
(hyHIaMeHTaMH, 110 3BOJATHCA i3 BUMMAHHSAM IPYHTY Ta 3arJIMOJICHHIM y TPYHT 30ipHUX eleMeHTiB. s moanbIioro
BrpoBapkeHHE HIITIC y reoTexHidHy MpaKTHKy HOTPiOHE pO3MIKMPEHHS HOPMATUBHOI 0a3u IX MPOEKTYBAaHHS Ta 3BEICHHS.
Mema pobomu — ynockonanutu Metoau npoektryBanHs ta 3BefeHHs HIIIC. Cnig yJoCKOHAIUTH METO/ BU3HAYCHHS
ociganp HIIIIC y ckmaai pocTBepKiB, KWl O BpaxOBYBaB B3a€EMOIIO 30H BIUIMBY maib. Haii0iiapm JOCTOBIpHUH MUTAX
pO3B’si3aHHs W€l 3a7aui — NOPIBHSHHS PO3pPaXxOBaHMX 1 BUMIPSHHUX OCifaHb HaTypHuX 00’ekTiB. HeoOXigHO moBectn
KOPEKTHICTh T'€OMEXaHIYHUX MOJENIeH MJIOCKOI Ta MPOCTOPOBOI Bepciii merony ckindenux enementie (MCE) momo
po3paxyHkiB crinibHOi podotu HIIIIC y cknani pocTBepKiB 3 0CHOBO. CIIiJl BUAUTUTH HAHOLIbII €EKTHBHI PI3HOBUIH
oGsiagHaHHs Ta TexHonoriuHi cxemu 3BeaeHHs HIIIIC. Bucnosox. HaBeneHO OCHOBHI IOJIOXKEHHS 3 TIPOEKTYBaHHS Ta
pramrtyBanas HIITC, mo BiAnoBizaroTh AepskaBHUM OyiBelbHHUM HOpMaMm YKpainum. IX 6asy ckimamu pesysibTaTi
eKCIIEPUMEHTAIBHUX 1 TEOPETUYHMX JOCIIJUKEHb, ITPOBEICHUX aBTOPaMH IIPOTArOM TPUALKTH POKiB, 1 JOCBifJ
BUKOPHCTaHHA IMX TMalb HAa O0’€KTaX IMBUIFHOTO, IMPOMHCIOBOTO U CITBCHKOTOCHOJAPCHKOTO OYHiBHUIITBA.
OOrpyHTOBaHO BHKOPHICTAHHS TPYKHO-TUIACTHYHOI MOZEN 3 KpurepieM MirmHocTi Mopa-KyroHa [uist MoIemroBaHHs CHCTEMI
«poctBepk — HITTIC — rpyHt». MozenoBaHHsIM 32 IUIOCKO0 Ta IpocTopoBoro 3anauamu MCE noBefieHo, 1110 MpH BiAICTaHI MK
OCSIMU CYCIJIHIX TIaJIb IO IT’SITH JIiaMETpPiB KOPEKTHUM € BHOIp IIOCKOT Bepcii 1 CIIPOILEHHST PO3PaxyHKOBOI CXEMH JI0 YMOBHOTO
CTpi4KOBOro (pyHnameHty. Y ockonaieHo Meror po3paxynky HIITIC y ckiaji CTpiUKOBHX POCTBEPKIB, 32 SIKUM 3a IIMPUHY
YMOBHOTO (pYHAaMEHTY MPUHAHATO JiaMeTp PO3LIMPEHHS Malli, a [IMOWHA 3aKJIaJCeHHs BiANOBigae ioro Hu3y. Hecyunii
IIap OCHOBH Ml (YHAaMEHTOM CKJIaJIEHO 3 BEPXHBOI 30HU, JOCTATHHOT'O YUIUTLHEHHS, 1 HIPKHBOT, IPUPOTHOTO IPYHTY.
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Annomauus. Ilocmanoexa npoénemwvr. Habusueie cBau B mpoOuteix ckBakuHax (HCIIC) ornmuaer BeICOKast
CTEIEHb HCIIOJh30BAHUS HECYIICH CHOCOOHOCTH OCHOBAHHS BCICACTBHE ()OPMHUPOBAHUS B HEH YIUIOTHEHHOH 30HBI 3a
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CUeT BHITCCHEHHUS TPyHTa B 00beMe TPaMOOBKH M BTPaMOOBaHHOTO MaTtepuana yrmmperus. Criocod MX BO3BEICHHS ITOYTH
HCKJIIOYAaeT 3EeMIITHBIE M OnanyOo4yHble pabOThI, CHIKACT pacxol OETOHa, METala, YCKOPSeT HyJIEBOW LUKI IO
CpaBHEHHIO C (pyHIaMEHTaMH, BO3BOAMMBIMH C BBIEMKOW I'PYHTa M IOTPYKEHHEM B I'PYHT COOPHBIX 3JI€eMEHTOB. J[yis
nmampHeimero BHenpeHuss HCIIC B reoTeXHWYECKyHO MPaKTUKY HEOOXOAMMO pAacIIMpEeHHE HOPMAaTHUBHON 0a3bl HX
IPOEKTUPOBAHUS U BO3BeJeHUs. []ens padomubl — yCOBEPILICHCTBOBATh METObI IIpoekTHpoBaHus u Bo3BeneHus HCIIC.
Crnenyer ycosepuieHcTBOBaTh Meroj pacuera ocanok HCIIC B cocraBe pOCTBEPKOB, KOTOPBI OBl yUWTHIBAJ
B3aUMOJIeicCTBHE 30H BIMAHUS cBai. CaMblil JOCTOBEPHBIN IyTh PELICHUS 3TOH 3aJaydl — CPaBHEHHE PACUETHBIX U
HU3MEPEHHBIX 0CaJIOK HAaTYPHBIX 00beKTOB. Heo0X0mMMo 10Ka3aTh KOPPEKTHOCTh FTEOMEXaHMUECKUX MOJIENEH TIIOCKON
U TNIPOCTPAHCTBEHHOM BepcHil MeTona KoHEe4YHBIX anemeHToB (MKD) mnst pacueroB coBmectHO# paborsl HCIIC B
COCTaBE POCTBEPKOB 3 ocHOBaHMeM. CrelyeT BbIIEIUTh HanOosee 3((EeKTHBHBIE Pa3HOBHIHOCTH OOOpPYIOBAaHMS U
texHonmornueckue cxembl Bo3BeaeHuss HCIIC. Bwigodwi. B paboTe mpencTaBiIeHBl OCHOBHBIE IIOJIOKEHHS II0
npoektupoBannio U ycrporictBy HCIIC, coOTBETCTBYIOINE CTPOUTEIBHBIM HOpMaM YKpauwHbL Mx 06a3zy cocraBmin
UTOTY KCTIIEPUMEHTANIBHBIX U TEOPETHYECKUX MCCIIEI0BAHHUM, IPOBEJICHHBIX aBTOPAMH Ha MPOTSHKEHUH TPHUILATH JIET,
U ONBIT HCHONB30BaHUS 3TUX CBal Ha OOBEKTaX TPaKIAHCKOTO, MPOMBIIIJIEHHOTO U CEJIbCKOXO3SHCTBEHHOIO
cTpoutenbeTBa. OOOCHOBAHO HCTIONB30BAaHKE YIPYTO-TUIACTHHYECKON MOJENM ¢ KpurepueM npouHoctd Mopa-Kysona s
MoznenupoBanusi cuctemsl "poctBepk — HCIIC — rpyHT". MozenmupoBaHueM B IJIOCKOM M TPOCTpaHCTBEHHOM 3aqauax MKO
JIOKa3aHO, 4TO MPU PAcCTOSIHUM MEXKIY OCSMH COCEIHMX CBail J0 MATH JHaMETPOB KOPPEKTEH BBIOOP IUIOCKOW BEPCHU U
VIIPOIIICHHE PACYCTHOM CXEMBI K YCIIOBHOMY JICHTOUHOMY (pyHImamenty. YcosepiiencrtBoan Meron pacyera HCIIC B cocrase
JICHTOYHBIX POCTBEPKOB, B KOTOPOM B KaueCTBE IIMPUHBI YCIOBHOIO (DyHIAMEHTa NMPUHAT AUAMETpP YIIMPEHUS CBau, a
rIIyOMHA €ro 3aJI0’KEHUs] COOTBETCTBYET ero Hu3y. Hecymmii cioit ocHOBaHuUs 1oJ| ()yHIAaMEHTOM COCTOMT M3 BEpXHEH
30HBI, JOCTaTOYHOT'O YIUIOTHEHUS, U HHXKHEH, IPUPOJHOTO IPYHTA.

KiroueBble ciioBa: HabueHas ceas 6 npoOUMOU CKEAdICUHe, YNJIOMHEHHA 30HA, OCAOKA, HANPSIHCECHHO-0ehopmMUposannoe
COCmosiHUe, YNpy20-Naacmudeckas Mooens ¢ Kpumepuem npourocnu Mopa-Kynoa, Memoo KOHEeUHbIX 31eMeHM08
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Summary. Problem statement. Ramming piles in punched holes (RPPH) differ of high degree of use of supporting
capacity of base because of forming in it a compacted zone at the expense of displacement of soil in the volume rammer
and compacted material of expansion. The method of their construction almost exclude excavation and formwork,
reducing the consumption of concrete, metal, accelerates zero cycle compared to the foundations raised and excavation and
immersion into the soil of precast elements. The expansion of the normative base, their design and construction should be
for further implementation of of natural objects. The correctness of the geomechanical model of plane and spatial version
of finite element method (FEM) should be proved for the calculation of cooperative work of RPPH as part of grillages with
base. The most effective kinds of equipment and technological schemes of construction of RPPH should be noticed.
Conclusions. The paper presents the main regulations on the design and the arrangement RPPH, corresponding of
construction norms of Ukraine. The results of experimental and theoretical studies conducted by the authors for over thirty
years, and the experience of the use of these piles on the objects of civil engineering, industrial and agricultural
construction made their base. The use of the elastoplastic model with the criterion of Mohr-Coulomb strength for designing
of the system "grillage -RPPH- soil" was substantiated. The designing in plane and spatial problems of FEM is proved that
in the distance between the axes of adjacent piles up to five diameters is a correct choice of a flat version and simplifying
of calculating scheme to the conventional strip foundation. An improved. The method of calculating of RPPH as part of
grillages ribbon, where as the width of the foundation was taken a diameter of the broadening of the pile, and the depth of
its inception corresponds to the bottom of it. The supporting layer of base under the foundation consist of upper zone, of
sufficient sealing and a RPPH in geotechnical practice. The purpose is improvement of the methods of design and
construction of RPPH. It should be improved the method of calculating the sediment of RPPH as part of grillages,
considering the interaction of zones of influence of the piles. The most reliable way of solving this problem is a
comparison of the calculated and measured of sinking lower of natural soil.

Key words: ramming pile in punched hole, sealing zone, sinking, finite element method, intense and deformed state,
elastoplastic model with Mohr-Coulomb strength criterion, the method of finite elements
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IMocranoBka npo6aemu. HINIC 3BuuaitHO
3BOJIITH IIUISIXOM IMPOOWBAHHS CBEPUIOBHH Y IPY-
HTI IWIHAPUYHOIO TpaMOiBKoO miamerpoM 0,4—
0,6 M, Macoro 3—6 T i3 3alIOBHEHHAM IX OSTOHOM,
3aJ11300€TOHOM, TPYHTOOETOHOM, CYMIIIIIIIO IIIe-
OeHto i rimHu. [ 30UTbIIEHHS OMOpY HaBaHTa-
JKCHHIO B 1X HIDKHIM YacTWHI BJIAIITOBYIOTH PO3-
IIMpeHHsT 3  yTpamMOOBaHOrO IEOCHIO YH
»opctkoro 6etony. Posmipu HIITIC cknamaroTs:
niametp ctoBOypa b,=400-800 mM; Horo Bucota
h=1,5-10m; nmiamerp posumpenns 700-1200
MmM. i mani Bupi3Hsi€ BUCOKUIA CTYHiHb BUKOPH-
CTaHHS HECYYOi 3/1aTHOCTI OCHOBH BHACIIIJIOK
(hopMyBaHHSI B Hill YIIIITBHEHOT 30HU 33 PaxXyHOK
BUTHCHEHHS IPYHTY B 00’€Mi TpaMOiBKH 1 BTpam-
OoBaHOTO Matepialy po3mmpeHHs. B ii Mexax
3HAYHO ITiIBUIIYIOTHCS XapaKTEPUCTHKU MIITHOCTI
i 1ehopMaTUBHOCTI, JIKBIIYIOThCS BIACTUBOCTI
npociianHs 1pyHry. Cnoci6 3Benenns HIIIC
Jla€ 3MOT'y Maibke MOBHICTIO BUJIYUYUTH 3€MIISHI
i onmaiyOHI poOOTH, 3HU3UTH BUTPATH OCTOHY B
1,2-2, merany — B 1,54, BapTicTh 1 TpyJIOMICT-
KicTh — y 1,52 pa3u, NpUCKOPUTH HYJIbOBUMN
UK B 1,5-2 pa3u mopiBHAHO 3 (yHIaMEHTa-
MU, II0 3BOATHCA 13 BUHMaHHIM IPYHTY Ta 3a-
TNUONEHHSAM Yy TpPYHT 30IpHHX €JEeMEHTIB
[5; 6; 8].

HIIIC HaiiOinbm epeKTUBHI B JIECOBHX
MaKpOMOPUCTUX IPYHTAX MPHUPOTHOI BOIOTOCTI,
1o nommmpeHi Ha 65 — 70 % tepuropii Ykpainu,
371€OUIBIION0 HA HAM3AIUIABHAX 1 BOIOAUILHHUX
Tepacax pidok. Ase HaOymu ampoOariii i cxemu
BJIAINTYBAHHSA IMX TMalb Y 3aMOKJIHMX II€ JI0 I0-
4aTKy OyAIBHUITBA JIECOBUX IPYHTaX.

OnmHak st TOJNAIIBIIOTO  BIIPOBAKCHHS
HIIIIC y reotexHiuHy NpakTUKy € HarajibHa MOT-
peba B po3MIMpEeHHI HOPMATHBHOI 0a3W MPOCK-
TyBaHH Ta 3BeAeHHs HIIIIC.

AHaniz myOaikaniii. Ha 06a31i HatypHuX
nocmimkenb ¢axiBui [lontHTY, HIAIBK i
I[TIABA cTBOpWIH IHXCHEPHY METOJIUKY pPO3-
paxynky HIIIIC [6; 7]. 3a Heto mapameTpu po-
3MUPEHNX 1 YIIUTPHEHUX 30H IIMX Najlb BU3HA-
YaloTh 3aJIEKHO BiJ MapamMeTpiB TpaMmOiBOK,
MaTepiany po3ImHpeHHs, (Pi3MUIHUX BIACTHBOC-
TeH IPYHTY, BIICTaHI MDXK OCSIMH Tallb. AJie T0-
TpeOYIOTh YAOCKOHAJICHHSI METOI! BU3HAYCHHS
ocimanp HIIIIC y ckmaai pocTBepkiB, ski O
ypaxoBYBaJ B3a€EMOJIII0 30H BIUIUBY Tallb.
Tax, HeONiK METO/IIB BU3SHAYEHHS OCiaHb Oy-
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nisenb Ha HIIIIC y ckmami cTpiYKOBUX POCT-
BEPKIB 3a CXEMOI0 OJMHOYHUX Majb 13 PO3MIU-
PEHHSAM MOJIATa€ Y HEBPAaXOBYBaHHI B3a€MHOIO
BIUIMBY CYCIJTHIX Majb y CKJIaJi POCTBEPKY, 10
31 3MEHIIEHHAM BIICTaHI MK IX OCSIMH, 0COO-
auBO 110 3-4 by, CyTTEBO 3aHIKY€ MOPIBHSAHO 3
(haKTHYHUMH OCIJTAHHSIMH OCHOB.

s yIOCKOHAJICHHS PO3PaxyHKY OCiTaHb
oynisenp Ha HIITIC y cknaai cTpiuKOBUX POCT-
BEpKiB 3a 0a3oBe JOUITBHO MPUHHATH
PO3B’sS3aHHSA TUIOCKOI 3a/1a4i MEXaHIK! IPYHTIB.
Haii6inbim nocToBipHU# HUISX PO3B’SI3aHHS Ta-
KOT 3a/1a4i — y MOPIBHSAHHI pO3pax0OBaHUX 1 BH-
MIpSIHUX Oci/laHb HaTypHHUX 00’ekTiB [1; 10].

Bicecumerpuuna Bepciss MCE anexBaTHO Bi-
noOpaxae  HampyXeHo-e(OpMOBaHMM  CTaH
(HAC) macuBy y mpolieci BIIAIITYBaHHS OKpe-
MUX [aJlb 3 YIIIJIBHEHHSAM IPYHTY 1 iX HacTym-
Hill pobotu [3; 4; 12]. Ta 1i pinIeHHsS HEKOPEK-
THO NpUHAMAaTH A OLIHIOBAaHHS B3aeMOJIi
naib y CKJIaAi POCTBEPKIB i3 IpyHTOM. Tomy
CIiJI TOBECTH KOPEKTHICTh T€OMEXaHIYHUX MO-
neneil miockoi Ta mpocTtopoBoi Bepciit MCE
1010 po3paxyHkiB cniabHOi podoru HIIIIC y
CKJIaJll POCTBEPKIB 3 OCHOBOIO [2; 4; 9; 11].

Crnig TakoX BUIUTMTH HaWO1nbII e(heKTUB-
Hi PI3HOBUAM OOJIATHAHHS Ta TEXHOJOTIYHI
cxemu 3Benenns HIITIC.

Mera po0oTH — YJOCKOHAJUTH METOIU
npoektyBaHHsl Ta 3BeaeHHa HIIIC nns uuBsi-
JBHHUX, CITBCHKOTOCMOJAPCHKUX 1 TPOMHCIIO-
BUX OyiBeNb Ta CIIOPYI.

Buxaan marepiaay. [Ipaktuka gosena, o
JUTsl TIPOOUBAHHS B IPYHTI CBEP/JIOBHH 1 BTpaM-
OOBYBaHHS B HUX YKOPCTKOTO MaTepialy ONTH-
MaJIbHO 3aCTOCOBYBAaTH YCTaHOBKHU Ha 0a3i: ek-
CKaBaTOPIiB E-10011, E-5011, E-652;
nHeBMOKoIicHOro Tpaktopa T-150K (puc. 1 a);
asromoOitst KpA3; CEBM-7, tpakropa C-100.
Po6ounii opran Tpam0OiBKM BUKOHAHO 31 CTase-
BO1 TpyOH 13 3aIIOBHEHHSIM OETOHOM YH 3aJ1i30-
6eroHoM. OOnagHaHHA OOCIYTOBYIOTH JIBa PO-
OITHHKH: OAWMH i3 KaOiHU 0a30BOTO MEXaHI3My
3JIIHCHIOE HOTO MEepeMIllIeHHS 3 TOUKH Ha TOUKY
Ta CKUJAHHS poOOYOro opraHa TpaMOIBKH, a
JpyTUi KOHTPOJIIOE MPOOMBAHHS CBEPJIOBUHU
i1 BTpaMOOBYBaHHS JKOPCTKOTO MaTepiaiy.

Pozpaxynox HIIIIC npoBoasTe Ha nieHTpa-
JBHO- Ta TMO3AICHTPOBO- MPHKJIAJICHI HaBaHTa-
KEHHS: 32 HECY4OlO 3/1aTHICTIO MaTepiaiy CTo-
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BOypa (puc.1, 6), posmmpenus (puc.l, ¢),
YIIUTFHEHOTO TPYHTY ¥ MiICTUIBHOTO TPHPOJI-
HOTO TPYHTY; 3a aedopMaiisiMi — PO3paxyHOK
abCOMIOTHUX 1  HEPIBHOMIPHHUX  OCiJaHb.
Kinpkicte mans y cknami pyHmameHnty (poct-
BEPKY) NPU3HAYAIOTH 3 MaKCUMAaJbHOTO BUKO-
pUCTaHHSA MIIHOCTI 1X MaTepialy MpHU JOIycC-
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TUMOMY PpO3paxXyHKOBOMY HAaBaHTaXEHHI Ha
a0, U0 BU3HAYAIOTh 32 BIACTHBOCTSAMHU OC-
HOBU. OIIHIOIOYN B3a€EMOJII0 CIOpYad, (yH-
JAMEHTY ¥ OCHOBHU, (DOPMYIOTH TPOCTOPOBY
pO3paxXyHKOBY MOJEIb CHUCTEMH 'OCHOBa

dbyHmaMeHT — criopyaa" 3rigHo 3 1. 8.4 [2].

Puc. 1. Mob6invue obraonanus ons 36edenns HCIIC (a), HIIIIC (6) ma ii poswupenns (8) nicis namyprux 00cniodicens

®ynnamentu 3 HIIIIC npoektytoTs BiAmo-
BiJTHO JI0 KOHCTPYKTHUBHOI CXEMH CIIOPYIH 1 PO-
3pI3HAIOTH 32 KOHCTPYKLIEIO 3aJI€KHO BiJ| CIIO-
co0y o00’eqHaHHS Yy TIUIaHI TOJIB  Tallb
POCTBEPKOM 1 pPO3PaXyHKOBOI CXEMH: y CKIaJl
CTPIYKOBHX POCTBEPKIB IiJ CTiHU Oe3KapKac-
HUX OyZiBenb; 0e3pOoCTBEPKOBI (PyHAAMEHTH
mig cTiHM Oe3KapkacHUX OyniBenb 3 MaHeseH i
00’eMHUX OJIOKIB; OJMHOYHI Maji 3 OrOJIOBKOM
MiJ OKpEMO pO3TaIIOBaHI OMOpH, (PyHIAaMEHTH
CTaKaHHOTO THUIy MiJl KOJIOHM Ul KapKaCcHUX
OyziBenb, OMOPH €CTaKax; y KyIli Maib — TiJ
KOJIOHH Y{ CTOBIHM 31 CTOBMYACTUM abO IUIUT-
HUM pPOCTBEPKOM 1 pO3TallyBaHHSAM TNalb y
IJIaHl A7 KapKacHUX OyniBenb. Bigctanp mix
ocsmu cycimnix HIIINIC mae Oytm He MeHIe
HIX 3b,.

PozpaxynkoBy cxemy HIIIIC nHaBeneno Ha
pucyHKy 2. dopMma pO3LIMPEHHS 3 KOPCTKOTO
MaTepiary — eircoin o0epTaHHs 3 HAIIBOCSIMH
hy,, 1 r, [7]. CHiBBiIHOWEHHS 77 = h,, /1, 3ale-
KHUTbH BiJ Koe]ilieHTa BOJOHACUYCHHS TPYHTY
S, 1 00’eMy BTpaMOOBaHOI'0 KOPCTKOTO MaTepi-
any Ve, M.

Hecyuy 3nataicts HIIIIC Bu3HavaroTh 11
BUMAJIKy TIOBHOTO 3aMOKaHHS TIPYHTY OCHOBH
K HalMEHIIy 3 TpbOX PO3PAaXyHKOBUX 3Ha-
YeHb: 3a JYKOPCTKHM MarepiajioM, BTpaMOoBa-
HUM Yy JIHO CBEP/JIOBUHU; 32 YIIUIBHEHUM Ipy-
HTOM Yy MEXax YIIUJIbHEHOI 30HH; 3a IPYHTOM
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HOPUPOAHOTO CKJIALy, IO MiJICTHIAE YUIUIBHEHY
30Hy. Omip IpyHTY 3a OIYHOIO TIOBEPXHEIO CTO-
BOypa najii 3 po3LIUPEHHIM ypaxoBYIOTh JIUIIIE
Ha JUISHII A BiJ BepXy CTOBOypa A0 Micls Ho-
ro MEepeTHHy 3 MOBEPXHEI0 YMOBHOI'O KOHYca,
TBIPHOIO SKOTO € JIiHis, IO MpOBEIEHA Yepes
MEXy PO3IIUPEHHS B MICIl HOro HaiOiIbIIOro
JiaMeTpa TOMEePEIHOTO Tepepi3y dp, Mg KyToM
(p/4 70 ocl cTOBOypa maji, 1e ¢ — cepemHe
apu(pMeTHYHEe 3HAYCHHS KyTa BHYTPIIIHBOTO

TEpTs IPYHTY, 11O 3aJsrae B MEKax YKa3aHOTO
KoHyca [7].

F T

€0 X
1
= 2
=
Cax Z
ry
ea,min

x d

Puc. 2. Pospaxyukoea cxema HIIIIC:
1 — pozwupenns,; 2 — ywinbHena 30Ha

OcigaHHsl OIMHOYHOT Mai 3 PO3MUPECHHIM
BU3HAYaIOTh 3a CXEMOIO JIBOILIAPOBOI OCHOBU
[2]. ¥V pas3i, koo HIIIIC mpamorots y ckmami
CTPIYKOBHUX POCTBEpPKIB, a BIJCTaHb MDK IX
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ocsimu [, > 5b,, ocinaHHA X OCHOB BU3HAYalOTh
AK JUIS OJMHOYHOI Maji 3 PpO3MIHUPEHHIM 3 ypa-
XyYBaHHSIM B3a€EMHOTO BIUIMBY NaJjlb.

3a Tux xe yMoB, ane npu /,, < 5b,, ociga-
HSl OCHOB NajIb BU3HAYalOTh, HAIIPUKIIAJ, METO-
JIOM TIOIIAPOBOTO IiJICYMOBYBAaHHS YH iH., K
JUISL YMOBHOTO CTPIYKOBOTO (yHAAMEHTY IIIH-
PHHOIO b, 110 JOPIBHIOE J[IaMETPy PO3LIMPEHHS
dp, TIpU OTHOPSATHOMY PO3TAIlyBaHHI Mallb, 1
IMOMHOI0, sIKa BiAMOBiAae Horo Hu3y. Ko
Mayii po3TAlIOBaHI y IIAaXOBOMY MOPSAKY YU B
KiIbKa pAiB, IMHUPUHA YMOBHOTO CTPIYKOBOTO
bynnamenty cknanae b, = nl, + dy,, ne [, — Bia-
CTaHb MK OCSIMM PSJiB Majb; # — K-Tb LIUX Psi-
IiB; dp, — AlaMeTp TOTEPEYHOTO Mepepizy po3-
mupeHHs naii. [Ipu npomMy BpaxoBYIOTh 30HY
JOCTaTHBOTO YIIIJIBHEHHS TMiJI PO3IINPEHHSM.

Monayns nedopMmariii IpyHTy B MeXax 30HU
JIOCTaTHBOTO YIIIJIBHEHHS M1J] PO3IIUPEHHSM /g
cknagae 3E (E — moaynb aedopmariii rpyHTY
MPUPOJTHOTO CKJIamy). Y po3paxyHKax OCiJaHb
ocoB HIIIIC monyns gedopmariii 3aMOKIHX
JI€COBUX IPYHTIB MPUUMAIOTh 32 KOMITPECIHHU-
MU JochigamMu 0e3 MiJBUITYBalIbHUX Koe]illie-
HTIB.

PozpaxoByroun HIIIIC y xornoBanax riu-
OMHOIO TIOHAM 5 M, YPaxoBYIOTh €()eKT IMOBTOP-
HOTO HaBaHTA)XEHHS, 32 SIKOTO B MEXax Hampy-
KEHb BiJl BUUHATOTO TIPYHTY TNPUIMAIOTH
MOy MPY>KHOCTI IPYHTY OCHOBH [2].

Po3paxyHok 3a aedopmariisiMu Ha CIUTbHY
JiI0 BePTUKAJIbHUX, TOPU3OHTANBHUX 1 MOMEH-
THUX HaBaHTaXeHb BUKOHYIOTH 3a [2]. ['opuso-
HTaJbHI Ta MOMEHTHI HaBaHTaXXEHHSI, 10 JIIFOTh
Ha pocTBepK, skuil 00’eanye kinbka HIIIC,
MO)KHa MPUHMATH PIBHOMIPHO PO3MOIIICHUMHU
MIX yciMa MasiMH.

Pospaxynox HIIIIC 3a nedopmanismMu oc-
HOB Ju1s criopya kiacy CC2, sk mpaBuio, BH-
KOHYIOTh y CKJIaJl 3arajJbHHMX pPO3PaxXyHKOBHUX
CXeM, B HEJIHIIHIN MOCTaHOBIII 13 3aCTOCYBaH-
HSIM a/IEKBaTHUX MOJIEJIel IPyHTOBOI OCHOBHU Ta
YHCIIOBUX METOJIB PO3paxyHKy. Po3paxyHKOBY
mozens HIIINIC mnpencraBiasioThsK CUCTEMY
«poctBepk — HIIIIC — ocHoBa». Bona noBuHHa
BPAaXOBYBAaTH IX MPOCTOPOBY *KOpcTKicTh. [lami,
PO3MIUPEHHS, POCTBEPKH IMOJAIOTH SIK CKIHYEH-
Hi ejleMeHTH JedhOopMOBAaHOTO TBEPAOIO Tijla, a
YIIUTBHEHY 30HY U IPYHT — SIK CKiHUCHHI elie-
MEHTH 32 NPY>KHO-TUTACTUYHOIO TEOPIERO.
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CxeMy OCHOBHU TpY BUKOPHUCTaHHI sIK i1 MO-
JeTi IpY>KHO-TJIACTUYHOTO Cepe/IOBHIIA 3aj1a-
I0Th SIK CYIIUTBHUN HAMIBIIPOCTIP, TOAIJICHUN Ha
CKiHUeHHi enemeHTH. Moro posmip y cxemi
NpUHMalOTh 32 YMOBH BHUKJIIOUYEHHS BIUIMBY
YMOB 3aKpiIUIEHHS Ha HOTo MeXax Ha pe3ysbTa-
TH PO3paxyHKy. biuHi MeX1 po3paxyHKOBO1 30HH
(y mpocTopoBiii 3aa4i — mapaenerninesn) npHii-
MAaroTh Ha JOCTATHIN BiACTaHI BiJ ITaJb IS MaK-
CUMAJIbHOT'O 3MEHILIEHHS 11 BIUIMBY 3a YMOBH
3a00pOHH TOPH3OHTAIBHUX TEPEMIllIeHb, KOH-
HEHTpallii Hafnpy>KeHb W YUIUIbHEHHS TPYHTY Ha
KOHTaKTI 3 MEXel 30HU. BepxHIO MeXy 30HH
PO3MIIIYIOTh Ha PiBHI MOBepxHi 3emii. HuxHs
MeyKa 30HU BIAIMOBiIAae TriIAOWHI MEXI CTHUCIIOL
toBuli ocHoBu HIITIC. Ilpuknax ckiH4eHHOE-
JIEMEHTHOI MOJEJ CHUCTeMH "CTPIYKOBHA POCT-
Bepk — HIIIIC — ocHOBa" nmogano Ha pucyHKy 3.

Mogens Tpy>KHO-TDIACTUYHOI OCHOBH Xa-
pPaKTepU3yIOTh: MPHU HABaHTAXKEHHI 10 Hampy-
JKEHb, SIKi BIIMMOBIJAIOTH MIIHOCTI IPYHTY, HOTO
Monynb nedopmallii; i3 JOCATHEHHSIM Harpy-
KEHb, BIAMOBIAHUX MIIHOCTI TPYHTY, — YMOB-
Hult Moaynb Aedopmariii (1o 0,001 momyns ne-
dopmamii); mpu  po3BaHTAXKEHHI W TpHU
MOBTOPHOMY HAaBAaHTAXXEHHI /0 HAMpy>KeHb, 3
SKUX PO3BAHTAXYBAJH, — MOAYJb MPYKHOCTI
(fiHIAHA 3QJIEKHICTP MK HANpPYKEHHSIMH Ta
Npy>XHOIO NeopMari€ro IpyHTY); Koe(ilieHT
nornepevHoi aedopmaitii B crafii, 6Iu3bKiil 10
pYWHYBaHHS IPYHTY; IUTOME 3YCIJICHHS ¢ 1 KYT
BHYTPIIIHBOTO TEPTA IPYHTY ¢ (Tabdi.) [9].

Jns ypaxyBaHHS e(peKTy HEOTHOPIIHOCTI
VIIUTbHEHHSI CEPENOBUINA BiJl yJIAIITyBaHHS
HIIIIC y Mexax CKIHYEHHOTO eJIEMEHTa YH iX
rpyn 30HU BIUIMBY HAaBKOJIO Majl HapaMeTpu
IpyHTy (E, ¢, ¢) AOIYCKAaeThCcsl BU3HAYATH 32
PIBHSHHSIMH B3a€MO3B’SI3Ky 3aJICKHO BijJ] HOTO
KoedirienTa nopuctocTi e [7].

Busznauenns necydoi 3patHocti HIITIC 3a
3a JaHWMU TOJBOBUX BHUIIPOOYBaHb MPOBOSTH
3rigHo 3 HopMamu [2]. Tak, 3a MOOIMHOKE 3HA-
yeHHs1 rpannyHoro onopy HIIIC F,, Bnasmio-
BaJbHOMY HAaBaHTa)XCHHIO NPUHMAIOTh Te, 3a
Iii sIKoro mans, sSKy BUIPOOOBYIOTH, OCSTa€
ocimauHsa S

S=&8

u.mt » (1)
ne Sym: — TpaHUYHE 3HAYEHHS CEPEIHBOTO
ocigaHHs OyiBIi (CIOPYIH), Ky MPOEKTYIOTh,

SIKE€ BCTAHOBIIIOIOTH 3a gojgatkom U [2]; & — ko-
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e(diieHT mepexoay BiJ TPAaHUYHOTO 3HAYCHHS
CEpeIHBOr0 OCiTaHHS OYIiBIi Sy 10 OCIIAHHS
naji, OTPUMaHUM T 9ac CTaTUYHUX BUIPOOY-
BaHb 3 YMOBHOIO crabimizamiero ociganus. Ko-
edirienT & 3aMexuTh Bl KoedilieHTa BOJOHACH-

a
o 8
ITE-1 Ta ITE-2
; 1.4
=
= ITE-3 [ 3.6
Sl ITE-4 48
: ITE-5
7.8
ITE-6
2 : 0
T 15
= i £ 48

PiBeHb IpyHTOBHX BOZ 11

= {“'

et
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YeHHS TPYHTY OCHOBH S, TIpH BHUIIPOOyBaHHI
HIIIIC
E=08S,-02. )
Bupa3s (2) otpumaHo 3 aHanizy pe3yibTaTiB
TPUBAJIMX  TEOJIC3MYHHX  CIIOCTEPeKEHb 32
ocimanasimMu Oyiens Ha HITTIC [1; 7].

Buimka KOTIHOBaHy qutst BaamryBansst HIITIC i poctBepky

HaOuBHi nam

PocTBepk

=1
i
|
I
1
1
1

I
Po3umpenns i3 VinineHeHa
BTPaMOOBaHOTO 30Ha IPYHTY
1eOeHIo OcHoBa

Puc. 3. Cxinuennoenemenmuna mooensv cucmemu "cmpiuxosuti pocmseepk — HIINIC — ocnosa": a— 2D ckinuenno-
enemenmua cimka, 6 — 3D ckinuenHoeneMeHmua cimka; 6 — Ha cmaoii GUIMKU IPYHNLY, 2 — PI6eHb IPYHMOGUX 600,
0 — ynawmyeanns HIITIC i pocmeepxy; ITE-1...1I'E-6 — inoicenepro-eeonoeiuni enemenmu, Ha siki po3oumo 0CHOgy

Tabaruys

Mooeni ma ¢pizuxo-mexaniuni enacmusocmi enemenmis cucmemu "'cmpiuxosuii pocmeepxk — HIIINC — ocnosa"

Hiroma para 3uemrenrsic,| Kyt BHyTpim- Moxys Koedimient
Ne ITE, marepian Mozenb IpyHTY (0€TOHY) | 3aMOKIIOrO IPYHTY Tla ’ HBOTO TeDTH ©.° nedopmaii £, I .
y, kH/™® y, kH/™® P, MIla yaccowa v

1,2 MCDrained 15 17 10 10 5 0,30
3 MCDrained 17,2 18 13 20 9 0,35
4 MCDrained 17,6 17,6 17 20 11 0,35
5 MCDrained 18,2 18,2 8 19 6 0,35
6 MCDrained 18,9 18,9 16 21 14 0,35
VYurinpHeHa 30Ha MCDrained 19 19 20 30 18 0,30
Posimpenns MCDrained 22 22 1 50 50 0,2
CroBOyp Linear Elastic 25 - Non-porous 2,3-10* 0,2
PoctBepk Linear Elastic 25 - Isotropic 2,3-10* 0,2

OntumanbHuit Tepmin Biamounnky HIITIC
TicIst HOro 3BeACHHS 0 CTAaTHYHOTO BUIPOOY-
BaHHS 1 BU3HAYAIOTH 32 (DOPMYIIOIO:

T=A-(1+C-A,)(1+1, ), (3)

1€ A, — IJIolIa MONEePeYHOro nepepisy 30-

HU nomupeHHs ymiasHeHHs HIITIC, M
A, =D’ (4~ 4,,, 4
ne D — miameTp 30HU TOIIMPEHHS YIIUTb-
HEeHH, M [7]; [, — TOKa3HUK TEKy4OCTi IPYyHTY,
B SIKOMY po3TamoBaHe po3mupenss; 4, C —
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eMITIpUIHI 12,5 nobwu;
C=0,5m".

VY mporeci AOCTITHUIBKUX POOIT BU3HA-
YarOTh:

— KUIBKICTh yaapiB TpaMOIBKH, HEOOXITHUX
JUTSE IPOOMBAHHS CBEPIJIOBHHH;

— KUIBKICTh yaapiB TpaMOIBKH, HEOOXITHUX
JUIs. BTpaMOOBYBaHHS KO>KHOT MOPLii )KOPCTKO-
ro MaTepiajgy B PO3IIMPEHHS, a TAKOXK KOHTPO-
JbHI BIAMOBH TpaMOIBKM B KiHIII MpOOHWBaHHA
CBEPJIJIOBHHHU Ta YTBOPCHHS PO3IINPCHHSI,

— ONTHMAJbHY BHCOTY CKHIAHHS TPamOiBKU
NPy IPOOHMBaHHI CBEPJIOBUHU 1 ISl BTPaMOOBY-
BaHHS )KOPCTKOTO MaTepiay B PO3LINPEHHS;

— MIHIMQJIBHO JOMYCTHMY BIJICTAaHb MIX
JBOMa CYCIIHIMH CBEpAJIOBUHAMHM, SIKi BIAI-
TOBYIOTHh Y KOHKPETHUX IPYHTOBUX YMOBAX;

— 3a HEOOXIAHOCTI mapaMeTpH IPyHTY YIii-
JBLHEHO1 30HU (p, pa, W, @, ¢, E);

— 32 HEOOX1AHOCTI-pO3MIpPH PO3IIMPEHHS Ta
30HU YIITBHCHHS TPYHTY.

BucnoBku. OTxe, HaBeleHI OCHOBHI IIO-
JIOKEHHS 3 TPOCKTYBAHHS Ta BJIAINTYBAHHS
HIIIIC BignoBigaroTh BUMOTaM JIep>KaBHHUX Oy-
JiBEIbHUX HOpM YKpainu [2], 30kpema:

koedimientn; A =
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1. OOrpyHTOBaHO BHMKOPHCTaHHS  IPY>KHO-
IUTACTIYHOI MOJIENi 3 KputepieM MirHocTi Mopa-
Kyrnona ajist MozemtoBaHHS CUCTEMH " CTPIYKOBHIA
poctBepk — HIIIIC — rpyHT". MonemoBanHsaMm 3a
IUIOCKOIO0 Ta mpocTtopoBoro 3anadamMu MCE noe-
JIEHO, 110 TIPHU BIZICTaHI MDK OCSMH CYCIIHIX HasIb
JI0 TUSTH JIIaMEeTPiB KOPEKTHUM € BHOIP IIOCKOT
Bepcii 1 CHPOIIEHHS PO3PaxyHKOBOI CXEMH JI0 YMO-
BHOT'O CTPIYKOBOTO (DyHTAMEHTY.

2. YI0CKOHAJIeHO METOIUKY BU3HAYCHHSI OCI-
naHb ocHOB OyniBens Ha HIIIIC, 3rigHO 3 SKOIO
3a MUPHUHY YMOBHOTO CTPIYKOBOTO (PyHIaMEH-
Ty NPUHHATO JiaMeTp PO3MIUPEHHS Tali, TIH-
OuHa 3aKaJIeHHA BiAMOBinae ioro HU3y. Hecy-
YU TIap OCHOBH Miag 1M (QyHIaMEHTOM
CKJIQJICHO 3 BEPXHBOI 30HH, JOCTATHHOTO YIIIi-
JBHEHHSI, 1 HUKHBOI, TIPUPOTHOTO TPYHTY. Mo-
nyns nedopMariii B 30HI YUIUIBHEHHS MpHUiiMa-
I0Th SIK TPU HOTO0 BEIMYMHU MPHUPOJTHOTO
IpyHTy. Moaynes nedopmariii 3aMOKIUX JIeco-
BUX IPYHTIB BU3Ha4alOTh 3a KOMIPECIHHUMU
nociigamu 0e3 MiABUIYBaJbHUX KOe(illi€HTIB.

3. YiockoHaneHO METOJUKY BU3HAUYEHHS He-
cyuoi 3gatHocti HIIIIC 3a maHumMu moiaboBHX
BUIIPOOYBaHb.
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