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HANIPY)KEHUHW CTAH IPYHTOBOI OCHOBHU ®YHJIAMEHTY,
MIJICUJIEHOI'O IPYHTOINIMHOLEMEHTHUMM ITAJISIMU,
3A PE3YJIBTATAMMU YU CJIOBOI'O MOJAEJIIOBAHHA

3’scosano, wo Ccb020OHI NUMAHHIO 63AEMOO0Ii OyJigenb 3 IPYHMOBOK OCHOBOIO
npuUoiaEmvCs 6ce Oinbule y8azu, Npu YboMy pPO32NA0AEMbCS CNiIbHA poboma elemenmis
cucmemu «IPYHMOBA OCHO8A — (hyHOamenm — OYOi6NA» 3 YPAXYBAHHAM 2IOPO2e0N0TUHUX
ocobausocmetl OydisenvHux matoanyuxie. Hasedeno pesyrbmamu 4ucio8oco mooento8anHs.
3aKpIinieHHsi TPYHMOBOI OCHO8U (DHYHOAMEHMY 3 BUKOPUCHAHHAM  OYPO3IMIULYBANbHOL
mexHonoeii. Pospaxynxu euxonano sa odonomocoro ACHJ] «VESNA» 3 euxkopucmauHsam
HeNiHitiHol Modeli IPpYHmMoso2o cepedosuwia. Poszenanymo 1pynmoei ymosu, CKiaoewi
niWaHuMu i 2IUHUCIUMU — IPYHMAMU 00 ma Nicis  NiOCUNeHHs  (QyHOameHmy
IDYHMOSTIUHOYEMEHMHUMU  NANAMU  NPU  MONCIUBOMY BOOOHACUYEHHI IPYHMOBOI OCHOBU
¢dynoamenmy. Iloxaszano egpekmusHicmos 3anpoOnOHOBAHO20 MEMOOY NIOCUTICHHSL.

Knrouoei cnosa: uucioge moOent08anHs, 3AKPINJIeHHs, (QYHOAMEHM, HANPYICEeHHs,
IPYHMONUHOYEMEHMHI NAJl.
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Kuesckuii nayuonanbHvlll yHugepcumem cmpoumensCmead u apxumexkmypbl

HAITPAKEHHOE COCTOAHUE 'PYHTOBOI'O OCHOBAHUA
OYHIAMEHTA, YCUJIEHHOI'O I'PYHTOINIMHOLUEMEHTHBIMHA
CBASIMMU, 11O PE3YJIIBTATAM YUCJIEHHOI'O MOAEJIMPOBAHUSA

Buvisicnerno, umo ce2o0Hs1 60npocy 63aumooeicmaus 30anull ¢ 2pyHmMoSbiM OCHOBAHUEM
yoensemcs 6ce 0o0nbule GHUMAHUSA, NPU IMOM DPACCMAMPUBAEMCA CO8MeCmHAs paboma
INEMEHMO8 CUCIEMbL  «2PYHMOB0E OCHOBAHUE — (@OYHOAMEHm — 30aHue» ¢ Y4emom
2UOPO2EONIOUYECKUX —~ 0CODeHHOCmell — CMpPOUMENbHbIX — HAowadok.  Ilpeocmasnensi
pe3yIbmamsl YUCIEHHO20 MOOENUPOBAHUS 3AKPENIeHUsl 2PYHMOB020 OCHOBAHUSL (DYHOAMEHMA
C UCNONb306AHUEM OYPOCMECUMENbHOU mexHoao2uu. Pacuemsl 6bINOIHAIUCL C HOMOUBIO
ACHHU «VESNA» ¢ ucnonv3zosanuem HelUHeUHOU MoOeau epyHmosou cpeovl. Paccmompenvl
2PYHMOBblE YCN08US, NPEOCMABIEHHblE NeCUAHbIMU U 2AUHUCUMU SPYHMAMU 00 U HOCTe
ycuneHuss  (pynoamenma — 2pYHMOSAUHOYEMEHMHbIMU — C8AAMU  NPU  BO3MONCHOM
B000HACLIWEHUU 2PYHMOB020 OCHO8aHUs Qynoamenma. Ilokasana 2¢hghexmusnocms
NPeoNoNCeHHO20 Memooad YCULEHUSL.

Knwuesvie cnosa: uuciennoe  moolenupoganue, — 3aKpeniienue,  QyHOamenm,
Hanpsijcenue, 2pyHmocIuHOYeMeHMHAs C8AU.
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STRESS STATE OF THE SOIL BASIS FOUNDATION,
FIXING SOIL-CLAY-CEMENT PILES,
BY RESULTS OF NUMERICAL SIMULATION

Today's interaction buildings with soil base is receiving increasing attention, while
considered working together elements of the system "soil - foundation - building" taking into
account the geological features of the construction site. In work results of numerical
simulation fixing of the soil basis foundation with jet grouting technology. The calculations
were performed using the ASSR «VESNA» using a nonlinear model of soil environment. Were
considered soil conditions presented by sandy and clay soils in water-saturated condition
before and after fixing of the soil-clay-cement piles.

Almost 90% of Ukraine exposed to difficult geological conditions of construction,
including about 70% of the territory occupied by subsidence soils. Under construction in
special soil conditions understand the range of activities related to research, design and
installation of bases and foundations on saturated clay and weak peat soils, peat and muds,
subsidence, swelling and saline, and uneven compressible soils, loose sand and silt , mines
and karst areas in view of seismic and dynamic action.

The opportunities of numerical simulation ability at the design stage caused by the
settlement system, choice of models of soil environment that most accurately describe the
properties and behavior of the soil and make it possible to take into account the
hydrogeological aspects of the construction site.

The purpose of the work was fulfill the evaluation of the stress state of soil base
foundation strengthening soil-clay-cement piles, the results of numerical modeling. In work
Strip foundations shallow low-rise buildings with frameless design schemes.

In the paper the tape foundations shallow low-rise buildings with frameless constructive
scheme. Short description of buildings: floor height of no more than 3 m; foundations rubble
a laying of strip with a monolithic plate part depth of 1 m; walls made of brickwork, span up
to 6 m; overlapping and coating of hollow plates; roof roll combinations. Depending on the
number of storeys of buildings, the following options for per unit length load on the foot of the
basement: 200 kN/m, 300 kN/m and 400 kN/m.

Calculations performed by finite element method in the flat setting using ASSR
«VESNA». The work had examined to basics with saturated loam and sand. As the area was
considered a possible flooding in case the entire array of water saturation of the soil. This
assumption is oriented to the worst combination of factors allows for water saturation
foundations rain and meltwater, due to raising the level of ground water soaking emergency
basis for the leaking of vodonesuchyh networks.

Numerical simulation of stress-strain state of the system "soil - foundation" has shown
that the arrangement soil-clay-cement piles at two-side strengthening can reduce the value of
stress under the sole foundation for possible water saturation of soil base to 5 times for little
loaded foundations (200 kN/m), up to 8 times for medium loaded foundations (300 kN/m), up
to 10 times for strongly loaded foundations (400 kN/m).

Numerical simulation makes it possible to predict the expected effect of strengthening
the foundation by the arrangement soil-clay-cement piles.

Keywords: numerical simulation, fixing, foundation, stress, soil-clay-cement pile.
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Beryn. binbimicts OyiiBenbHUX MalITaHYMKIB TEPUTOPIi YKpaiHU MarOTh TPYHTOBI YMOBH,
CKJIaJieHI claOKkuMu rpyHTaMu. [1ig OyaiBHULITBOM B OCOOJIMBUX IPYHTOBUX YMOBAaX pO3yMIlOTh
KOMIUIEKC POOIT, TOB’S3aHUX 3 JOCIHIPKEHHSM, MPOCKTYBAHHSIM Ta BJIAIITYBaHHSM OCHOB 1
¢yHIaMEHTIB Ha CIa0KMX BOJIOHACHYEHMX TIJIMHUCTHX Ta 3aTOpOBaHMUX IPyHTaX, Topdax i
MyJiaX, TpOocCijaunx, HaOyXalouumx Ta 3aCOJICHHX, 3JUMAJIbHUX 1 HEPIBHOMIPHO CTHCIMBHX
IPyHTaX, MyXKHX IIiCKaXx Ta IUIMBYHAX, 3aKapCTOBAaHMX 1 MiAPOOJIIOBAaHUX TEPUTOPIAX 3
ypaxyBaHHSIM CEHCMIUYHUX Ta AWHAMIYHUX Jiil. BUKOpHUCTaHHS TaKMX TPYHTIB, SIK OCHOBH IS
¢dyHIaMeHTiB OyniBeNb 1 CIIOPYA PO3IILIIAETHCS 3 ypaxyBaHHSIM MOKIIMBOTO PyHHYBaHHS iX
CTPYKTYpPH Ta PO3BUTKY HepiBHOMIpHUX jaedopmartiit [1].

AHaJII3 OCTaHHIX JKepesa JocTilxeHb i myOaikanii. Panime B mabopaTopHuX yMoBax
Oy/10 BUKOHAHO JIOCIIPKEHHS XapaKTEPUCTUK MIIHOCTI IPYHTOTJIMHOIIEMEHTHUX TMajlb 3aJICKHO
BiJl YMICTY LIEMEHTY B KOMIIO3UINi «I[EMEHT — TIPYHT», BOAOIIEMEHTHOTO CITiBBITHOIIICHHS B
TJIMHOLIEMEHTHIN CyMIIIT, BJIaCTUBOCTEH 100aBOK [2].

3a pesyabraTamM (i3UYHOTO MOJETIOBAHHS 3aKpIIUICHHS OCHOBU (PyHIaMEHTy B
nabopaTOpHUX yMoOBax Oysi0o OOTpYHTOBaHO TIiACWICHHS (yHIaMEHTIB 3a JOMOMOTOIO
IPYHTOTJIMHOIIEMEHTHHUX Taib (TEXHOJIOTIS CTPYMEHEBOI IIEMEHTAIlii) B CYTJIMHUCTUX TIPYHTaX
IIpU PEKOHCTPYKIIi OymiBmi [3].

BujiieHHsi He poO3B’S3aHMX paHille YacTHMH 3arajibHoi mnpodaemu. Ilocriifne
MParHEHHS JI0 CKOHOMIYHOCTI IHXKEHEPHHX pIIIEHh BHUMara€ BHKOPHCTAHHS HOBHX
KOHCTPYKTUBHUX pIllIeHb, M0 CTA€ MOXIIMBUM TIPU 3aCTOCYBaHHI YHCJIIOBOTO MOJICITIOBAHHSL.
Bapiarifini po3paxyHKH 31 3MIHOIO TIOJIOXKEHHSI Majlb MiJICHICHHS, iX TEOMETPIi Ta XapaKTEPUCTHK
MIITHOCTI JTO3BOJIATH 3HAWTH ONTUMATBHUI BapiaHT MiJICHUICHHS (QyHIAMEHTY.

Ockipku cepen OymiBeIbHUX KOHCTPYKIIIN, IO BXKE 0araro poKiB BUKOPHUCTOBYIOTHCS Y
NPOMHCIIOBHX 1 LUBUIBHUX OymHIBJIAX, MEpeBaXKalOTh 3ai300€TOHHI, y3araJbHEHHS W aHai3
ICHYIOUHMX TIPOMO3HUIIIN 3 TIPOSKTYBAHHSI 1 3aCTOCYBaHHS €()EKTUBHUX CIIOCOOIB MiICHIICHHS TaKUX
KOHCTPYKIIKA Ta 1X BIINOBIHA CHCTEMaTH3allisi MAIOTh BaXIUBE 3Ha4eHHsS. HeoOXiqHO Takok
ypaxoByBarty, 1o maibke 90% tepuTopii YKpaiHu miananae mij BIUIMB CKIaTHUX 1HKEHEPHO-
T€0JIONYHUX YMOB OYHIBHUIITBA, Y TOMY 4ucii 61u3bko 70% TepuTOpii BKPUTO MPOCITal0UUMHU
IpyHTamu [4].

3aBIsSIKM  PO3BUTKY YHCJIOBOTO MOJICIOBAHHS PO3PAaXYHOK HAJI3EMHUX KOHCTPYKIIii
OymiBii Ta (yHIAMEHTIB CIUIBHO 3 TPYHTOBUM MAacCHBOM CBHOTOJIHI YCIHIIIHO BBIWIIOB Y
MOBCSKACHHY TPaKTHKy TpoekTyBaHHS. [IpoBemeHHs Takux po3paxyHKIB Ha  crajil
NPOEKTYBaHHS OOYMOBJIEHO MOXIIMBOCTSIMA DPO3PaXxyHKOBOTO amapary, BHOOpOM Mojenei
IPYHTOBOTO CEpEOBHIIA, 10 HAWOILIBII TOYHO ONMUCYIOTh BJIACTUBOCTI Ta MOBEAIHKY IPYHTIB Ta
JTAIOTh 3MOT'Y BpaxyBaTH T1IPOr€0JIOT YHI 0COOIMBOCTI Oy/1iBETLHOTO MaliJaHIHKA.

Mera poGoTH — BHMKOHATH OIIIHIOBAaHHS HAINPY)KEHOIO CTaHy IPYHTOBOI OCHOBHU
dbyHAaMEeHTy, MiJCUICHOTO TPYHTOINIMHOLEMEHTHHMHU TAISIMHU, 32 PE3YJIbTaTaMH YHCIOBOTO
MOJIETTIOBaHHS MIPH MO>KJIMBOMY BOJIOHACHUEHHI OCHOBH (DYHIAMEHTY B MEKaxX CTHCIMBOI TOBIII.

OcHoBHUI MaTepiaj i pe3yJbTaTH AOCTIZKeHHs. Y poOOTI PO3IIISIAI0TECS CTPIYKOBI
GyHIAMEHTH  MUIKOTO  3aKJIQJaHHS  MaJIOTIOBEPXOBUX  OymiBenb 13 Oe3KapKacHOIo
KOHCTPYKTHBHOIO CXEMOIO.

KopoTtkuii ormuc OymiBenb: BUCOTa MOBEpXy He Outbiie 3 M; (pyHTaMEHTH CTpPIYKOBI 3
MOHOJIITHOIO TUTUTHOIO YaCTHHOO, TTIMOMHA 3aKIaaHHs — | M; CTIHM 13 IETJISIHOT KIIaIKU, IPOJIIT
He OutbIie 6 M; IEPEKPUTTS Ta IOKPUTTSI 3 MTyCTOTHUX TUIHT; TIOKPIBJIS PYJIOHHA.

3ajie)XHO BiJl IOBEPXOBOCTI OyIMHKIB MPUNAHATI Taki BapiaHTH MOTOHHOTO HAaBAHTAXKCHHS
Ha piBHI migomBu ¢yHaamenty: 200, 300, 400 kH/m. Di3uko-MexaHiuHI XapaKTEPUCTHKH IPYHTIB
OCHOBH, 110 PO3TJBSIIAIKCS JJIsl YUCIOBOTO JOCIIKEHHS CIUILHOI POOOTH €JIEMEHTIB CHCTEMH
«I'PYHTOBa OCHOBA — (DyH/IaMEHT», HaBEJCHO B TaOmIIi 1.
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Taoauus 1 — Pizuko-MexaHiyHi XapaKTePUCTHKH IPYHTIB OCHOBH

Wsat, % Vsat, e) E, Esat, PSl,

Tpynt II. Of. xkH/m3 kH/™M3 | 1. ox. MlIla MlIla MIla

[Ticok apiGHU

.. . 0,22 16,95 19,90 0,73 19,5 13,3 0,095
CepeHbOI IIUIBHOCTI

Cyrnunok 0,25 18,26 19,14 0,72 11,7 59 0,160

[Ipu po3B’s3aHHI 33124 migcuaeHHS QYHIAMEHTY IPYHTOIIEMEHTHIUMHE NAJISIMU [UTSIXOM
YUCJIOBOTO MOJICIIIOBAHHS OYyJIM MPUUHATI TaKl BUX1HI JaHi: MJIaHyBajbHA MO3HAYKA 3eMJIi —
0 Mm; Bigmitka migomBu (yHmamenty — 1,0 M; mmpuHa migomBu (yHzamenty — 1,2 Mg
MNOTY)KHICTb IIapy IPYHTY HUXKYE MiAOMBH GyHIaMeHTy — 12 M (11 OCHOBH, HPEICTaBICHOT
cyrnuHKamu) Ta 13 M (Ui minanoi r(pyHTOBOI OCHOBH).

OcHoBa po3paxoByBaiacs 3a IPyroro TPyNor rpaHUIHUX CTaHIB BIAMOBIIHO /10 BUMOT
HOPM [5], mpu IbOMY piBE€Hb IPYHTOBHUX BOJ| y MPOIECi BOJOHACHYCHHS OCHOBU MPUHMABCS
Ha MM03HaYIi Mi0mBY GyHIAMEHTY.

Po3paxyHKH BUKOHYBAJIHCS METOJOM CKIHUYCHHUX €JIEMEHTIB y TUIOCKIH MOCTaHOBII 3
Bukopuctanasm ACHJ] «VESNA» [6, 7]. Posrisnanacs 3aqava aiss OCHOBH 13 CYTJIMHKIB Ta
MICKIB TIPU MOXKJIMBOMY X BOJOHACHUYEHHI 332 PaxXyHOK IMIJHSATTS PiBHS IPYHTOBUX BOJ ab0
3aMOUYyBaHHA 3BepXY IpHU aBapifHOMY BHUTIKaHHI TEXHOTEHHHUX BOJ| 13 BOJOHECYYHX MEPEK.
Di3UKO-MEXaHIYHI XapaKTePUCTUKU IPYHTOIIEMEHTHUX MaJlb [2, 3] MPUAHATI OJHAKOBUMH T10
BChOMY 00’ eMy. Jlo po3paxyHKy MpUHMAETbCs MONEpedHuil mepepiz 1 M. M «CTiHM B IPYHTI»
MUPUHOIO by 1 BUcOTOO hy (Tabm. 2), yTBOPEHOIO 13 B3a€EMHO MEPECIYHUX IPYHTOIIEMEHTHUX
nainb [8]. XapakTepuCTUKU IPYHTOTJIMHOLIEMEHTHOT 1Majli HaBeJeHO Y Tabnuili 2.

Tabanns 2 — XapakTepucTHKH IPYHTOIIMHOLEMEHTHOI naJi [2, 3]

O06’emHa Monyinb Minunicte | Koedimient | [liamerp I'mubuna
[pyHT Bara nedopwmariii | Ha ctuck | [Iyaccona p D, mm CBEpJIO-
Y, xkH/™ E, MIIa R., MIla BUHU h;, M
ITicox 20 1350 13,73 0,2 800 7
CyrauHok 20 930 9,81 0,25 700 7

Sk 30Ha MOXKITUBOTO MMiATOTUICHHS PO3TIISAABCS BUITAJOK BOJOHACHYEHHS BCHOT'O MACHBY
IPYHTY, TOBIIMHA SKOTO BIJMOBiIa€ BEJIMYMHI CTUCIMBOI 30HU. Lle mpumyIieHHs opieHTOBaHe
Ha pO3MIs HaWripmioi KoMOiHaIii (hakTopiB, IO JONMYCKaE MOXIIMBICTh BOJOHACHYCHHS
OCHOBH JIOIIOBUMH ¥ TAJIMMU BOJAMHU, BHACIIIOK MiHATTS PiBHS IPYHTOBUX BOJ, aBapiiiHOTO
3aMOYyBaHHS OCHOBH IIPHU BUTOKAX BOJH 3 BOJOHECYUYHX MEPEXK TOIIIO.

Pesynbrat  po3paxyHKiB JOCTDKEHHS 3MIHM HAIlpPYyXEHOr0 CTaHy IPYHTOBOI OCHOBH
byHIaMEHTY TIPH MOKITMBOMY BOZOHACHYEHHI OCHOBH 3Be/IeHO B Tabu. 3. UnciioBe MoemoBaHHS
migcwieHHs (QyHAAMEHTY TPYHTOTIMHOIIEMEHTHHMH TAIIMH  TI0Ka3aJlo, IO HANpPY>KEHHS
i MmAomBOK (YHIAMEHTY 3MEHIIYIOThes y S — 10 pasiB (A1 TIOTOHHOTO HaBaHTAXKCHHS
200...400 kH/m).

PesynpTaTi po3paxyHKIB JOCIHIDKEHHS 3MIHU HAMpYXKEHOTO CTaHy I'PYHTOBOI OCHOBH
¢ynaamenTy npu noronHomy HaBaHTaxkeHH1 400 kH/M HaBeneno Ha puc. 1, 2.

150 36ipHuK HaykoBux npaus. Cepist: ['anmy3eBe MamHOOYxyBaHHS, OyniBHHITBO. Brm. 1 (46). — 2016. — ITontHTY




Taoauus 3 — [lopiBHSAJILHA XapaKTEePUCTHKA IPYHTOBOI OCHOBH (DYHIAMEHTY
3a HanpyxkeHHsaMmU, KIla

P 30BHIITHEOMY TOTOHHOMY
BapiaHT rpyHTOBOi OCHOBH (pyHIIaMEHTY HaBaHTAXXCHHI HA QyHAaMeHT, KH/Mm
200 300 400
BOJIOHACHYEHA OCHOBA 0€3 141 204 266
1 ICUICHHS aMCHT
CyrimHok A yna Y
BOJIOHACUYCHA OCHOBA 3 751 6.8 26.2
JIBOCTOPOHHIM TI1JICHJICHHSIM TaJISIMU ’ ’ ’
[Ticox BOJIOHACHYEHA OCHOBA 0€3
. . 135 205 278
OpiOHUA | migcuaeHHs QyHIaMEHTY
CepeaHbOl | BOJIOHACHYEHA OCHOBA 3 6.4 272 730
IIIJIBHOCTI | IBOCTOPOHHIM ITiACHIICHHSIM aIsIMA ’ ’ ’
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Pucynok 1 — I3omouist Hanpy:keHb, klla, npu HaBaHTa)KeHHi HA PyHTAMEHT
400 xH/m y Bononacuyenux mimanux rpyarax (ACH/ «<VESNA»):
a — 10 MiICUJIEHHSI; 6 — TP IBOCTOPOHHLOMY IiICHJIEHH]
(pyHIaMEHTYy IPYHTOLIEMEHTHUMH MAJISIMH
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Pucynoxk 2 — I3onoJist Hanpy:keHb, klla, npu HaBaHTakeHHI HA yHIaAMEHT
400 xH/m y Bogonacuvenux cyrauauctux rpynrax (ACHI «<VESNA»):
a — 10 NiACHJICHHSI; & — IPH ABOCTOPOHHbOMY IiICHJICHHI
(pyHAaMEHTY IPDYHTOLIeMEHTHUMH NAJSIMH
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BucHoBkn. YuciioBe MOJICIIOBaHHS HANpPYXEHO-Ie(hOPMOBAHOTO CTaHY CHUCTEMHU
«IPYHTOBa OCHOBa — ()YH/IAMEHT» MOKA3aJI0, 110 BIAIITYBAHHS I'PYHTOTIMHOIIEMEHTHUX Iajlh
MIPU JTBOCTOPOHHBOMY TMIACHJICHHI J03BOJISIE 3MEHIIIUTH BEJIMUUHY HAIPY>KEHb 11T TTiIOIIBOIO
¢yHaaMEeHTy TNpH MOXIJIMBOMY BOJOHACHYEHHI IPYHTOBOI OCHOBHM [0 II'ATH pasiB uis
MajoHaBaHTaxeHUX GpyHaameHTiB (200 kH/M), 10 BochMuU pa3iB [j1s cepeHbOHABAHTAKEHUX
¢ynnamenTiB (300 kH/m), 1o nmecsatu pasiB Juisl cUIbHOHABaHTaXeHUX ¢yHaameHTiB (400
kH/m). UwucioBe MOAENIOBaHHS Ja€ MOXJIMBICTh CIPOTHO3YBAaTH OYIKYBAaHWUU €(EKT Bif
mifcuieHHs (yHIAMEHTY [UISXOM YIAIITYBaHHS TPYHTOTIMHOIEMEHTHUX Naib. Takuit
X1 T03BOJIS€ TABUIUTH HAAIHHICTh TPOCKTYBaHHS OY/TIBEIIb.
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