raTITONLCTBS: T 16. BhInyCK 2 (60)

C.M. CenbeusH, Y.0. MockoekuHa, E.A. CoghpoHoea, [.[]. AHmponosa

HAYUYHAS CTATbBS / RESEARCH PAPER
VIIK 624
DOI: 10.22227/2305-5502.2026.2.2

MeponpusiTUs 10 MUHUMHU3ALUU 0CAA0K PyHIaMeHTa
HOBOTI'0 00bEKTAa CTPOUTEILCTBA

Cepadpuma Muxaisioaa CenbBusiH, YiibsiHa OjieroBHa MoCKOBKHHA,

Exarepuna Ajsiexceesna Codgponona, lapbsa JIMmuTpueBHa AHTpONOBa
Hayuonanvnoiil uccnieoosamenvexuti Mockogckutl 20¢yoapcmeentulil
cmpoumenvuwiil ynugepcumem (HUY MI'CY); e. Mockea, Poccus

AHHOTALUMNA

BeepeHue. C yBenvyeHneM NOTHOCTM 3aCTPOVKWA HapacTaeT AedvunT Nrowafok CTPOUTENBCTBA C AOCTaTOYHO BbICO-
KUMWN (PUBNKO-MEXAHNYECKUMY XapaKTEPUCTMKaMU FPYHTOB OCHOBaHUSA, He TpebyloLlwyMu peanu3auuy AOMNONHUTENbHbIX
MEpPOMPUATUIA YNyYLLIEHUS] CBOWCTB FPYHTOB MUINN NPUMEHEHNs DyHAAMEHTOB rryboKoro 3anoxenus. B cBsian ¢ atum Bce
yalle npu NPOEKTUPOBaHNN BO3HMKAET HEOOXOAMMOCTb B NMOBbILLEHNN HECYLLEeW CNOCOBHOCTM OCHOBaHWUI U (DyHAAMEHTOB
ONs yMeHbLUeHns fecdopMaumnii U npeaoTBpalleHnsi obpyLLeHnii, YTO 0COBEHHO BaXKHO B YCIMOBUSIX COBPEMEHHOIO CTPOU-
TENMbCTBA B KPYMHbIX HACEMNEHHbIX MYHKTaX.

Matepuanbl u meToabl. CyllecTByeT MHOXECTBO METOAOB YCUIIEHWS TPYHTOB, BKMOYAs MeXaHU4yeckue, XMMu4eckue
n u3nKo-xnuMuyeckune. Kaxabli U3 aTmx NoaxodoB UMEET CBOM MpenMyLLEecTBa U HedoCTaTku, a Takke obnacTtv npume-
HEHVS B 3aBMCUMOCTW OT KOHKPETHbIX YCIIOBUN 1 TpeboBaHuin npoekTa. B nocnegHune rofgbl HabnogaeTcs akTuBHOe pas-
BUTME HOBbIX TEXHOMOMMN, TaKNX Kak MHBbEKLMOHHbIE METOAbI, NCMONIb30BaHUE FEOCUHTETUYECKUX MaTepuanos U Apyrux,
YTO OTKPbIBAET HOBblE FOPU3OHTbI A5 NOBbILEHNA 3PMEKTUBHOCTM N YCTONYMBOCTU KOHCTPYKLUMIA. PaccmoTpeHbl Bapu-
aHTbl ycuneHus ocHoBaHust metogom Jet Grouting (CTpyviHas LeMeHTauns rpyHTOB) U YCTPOMCTBA CBAMHOIO pyHAaMeHTa
C NPUMEHeHVeM pa3psaaHO-UMNynbCcHoW TexHonoruv (PUT) NpUMEHNMO K KOHKPETHOMY OOBEKTY B CITOXMBLLMXCS YCIIOBUAX
3aCTPOVKM N UHXEHEPHO-Te0NOrMYECKNX YCIOBUSIX.

Pesynbratbl. [poaHanv3vpoBaHbl HEKOTOPblE COBPEMEHHbIE TEXHOMOTMU YCUMEHUS TPYHTOB B KOHKPETHbIX YCMOBUSIX
Ha KOHKPETHOM 0BBbeKTe CTPoUTENbLCTBA U UX 3PPEKTUBHOCTb B AAHHbIX YCIOBUSIX. BbIMOMHEHbI YMCNEeHHOe MoAenMpoBa-
HVe 30aHNs Ha YCUIIEHHOM OCHOoBaHWM MeTofoMm Jet Grouting v yCTpocTBO cBanHoro doyHAaMeHTa ¢ npumeHeHnem PUT.
BbiBoabl. [pefcTaBneHbl pe3dynsratbl YUCIIEHHOTO MOAENMPOBaHus. Beibop MeToga 3aBUCUT OT MHXEHepPHO-reornormye-
CKMX YCINoBWIA, TpebyeMol HecyLLel CoCOBHOCTU rPYHTOB OCHOBaHUS U APYrMX (DaKkTopOoB.

KIMKOYEBBIE CIIOBA: ycunenue rpyHToB, Jet Grouting, pa3psigHO-MMNynbCHas TEXHOMOrMs, HanpsbkeHHo-gedopMmpo-
BaHHOE COCTOSIHWE, YNCIEHHOE MOAENUPOBaHNE, re0TEXHNYECKME PeLLeHns
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ABSTRACT

Introduction. Excessive building density worsens the lack of foundation soils that have sufficiently high physical and me-
chanical properties and therefore do not require additional soil improvement measures or deep foundations. Accordingly,
design practice increasingly requires enhancing the bearing capacity of subsoil and foundations to reduce deformations and
prevent failures, which is particularly important for the present-day construction practice in large urban areas.

Materials and methods. There are numerous soil improvement methods, including mechanical, chemical, and physico-
chemical techniques. Each approach has advantages and limitations, as well as fields of application determined by project-
specific conditions and requirements. In recent years, new technologies, such as grouting methods and geosynthetic ma-
terials, have been actively developed, opening up new opportunities for improving structural performance and stability. This
study considers foundation-soil improvement using Jet Grouting (jet grouting of soils) and construction of a pile foundation
using discharge-pulse technology (DPT) as applied to a specific facility under existing development and geoengineering
conditions.
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Results. Several modern ground improvement technologies were analyzed for the specific conditions of a particular con-
struction site, and their effectiveness was evaluated. Numerical modeling was performed for a building on a Jet Grouting-
improved foundation soil and for a pile foundation constructed using DPT.

Conclusions. The results of numerical modeling are presented. The choice of methods depends on geoengineering condi-
tions, the required bearing capacity of the foundation soils, and other factors.

KEYWORDS: ground improvement, Jet Grouting, discharge-pulse technology, stress-strain state, numerical modeling, geo-

technical solutions
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BBEJIEHUE

[IpoexTupyemMoe coopyKeHHE MPEICTaBISICT CO-
0011 MHOTOKBapTHPHEIA IOM C TTOA3EMHON aBTOCTOSTHKOM
¢ rabaputamu B tiane ([ x 1I): 48,65 x 38,5 m:

* KOJMYECTBO dTaxel: 25-45 Haa3eMHbIX U 2 TIOA-
3eMHBIX (TT0]T BCE TUIOMAIBIO);

 BpicoTta 3manus: 81,3-151,35 m.

[IpemycmarpuBaeTcst 2-3TakHas MMOI3EMHAs Tap-
koBKa (ykpsitre 'O UC):

* OCHOBHBIE HECYIINE KOHCTPYKIIMU: MOHOJIUTHBIN
XKene300€TOHHBIN KapKac;

* TIpeneNbHbIC BEJMYIHBI CPEIHNX 0CaI0K OCHOBA-
HU pyHIamMeHnToB: Su = 15,0 cm;

* TIyOuHa cxxumaeMoi Tomu: 22,4 m.

B reoMop¢oiornyeckoM OTHOIICHUH yYacCTOK
paboT pacmoyiokeH Ha 3-i HaAMMOWMEHHOW Teppace.
Penbed yuacTka OTHOCHTEIBHO POBHEIHN, MCKYCCTBECH-
HO CIUTAHHPOBAaHHBIA, XapaKTepU3yeTcss aOCOMOTHBI-
MU BBICOTHBIMH OTMETKaMHU TOBEPXHOCTH IOPSIKA
150,00-151,50 m.

B reonoruueckom OTHOIIEHHH Ha TUIOIIAIKE JI0 TTy-
OuHbI 52,0 M IPUHUMAIOT yYacTHE Y€TBEPTUUHBIE OT-
JIOKEHUS CITETYTOMUX CTPATUTPapUIecKUX KOMITICKCOB
(cBepxy BHU3):

* TeXHOTeHHbIe TPyHTHI (t-QIV), 3axeraror ¢ mo-
BEPXHOCTH 10 TTyOuHBI nopsizka 0,5-2,0 m;

* CpEIHCUYCTBEPTHUHBIC AJTFOBHAIBHO-(ITFOBHO-
TISIHAIbHBIC OTIOKEHHS 3-1 HaAIIOMMEHHON Teppach
(a,f-QIIms), 3ameratot Ha Tiryomae 0,5-2,0 M, 9TO COOT-
BETCTBYET aOCOJIOTHBIM BBICOTHBIM OTMeTKam 149,50—
151,00 M, 1 ipeICTaBICHBI TIECKAME U CYTJIMHKAMH, 00-
et mourHocThio 10,0-15,0 M;

* CpeqHEYETBEPTHUHBIC (DIIOBHOTIAINATIBHBIC
1 03epHo-1enHuKoBBIe oTnokeHus (f,lg-QIIms), 3amera-
0T TI0]T AJUTFOBHATBHO-()TFOBUOTTISIIINAIEHBIME OTIIOMKE-
HUsIMU Ha DryouHe 12,0—15,5 M, 9TO COOTBETCTBYET a0CO-
JIIOTHBIM BBICOTHBIM OTMeTKaM mopsizika 136,00—-138,00 m,
U TIPEJCTaBICHBI MECKAMH, CYNEeCAMHU, CYIITUHKAMH,
MOIIHOCTEIO 1,2-6,0 M;

* HIDKHEYCTBEPTHYHBIC AJLTFOBAATEHO-(DITFOBHOTIIS-
IIHATbHBIC OTIIOKCHHUS BHYKOBCKOW CEPHU JIOHCKOTO TOPH-
3oHTa (a,f-QIvk-ds), 3aneraror Ha miyoune 14,5-17,0 m,
YTO COOTBETCTBYET aOCOMIOTHBIM BBICOTHBIM OTMETKAM
134,50—-135,50 M, 1 IpencTaBIeHBI IECKAMH, CYTIECAMH,
CYIJIMHKaMH, MOIIIHOCTBIO 7,5—12,5 M.

UerBepTudaHble OTIOKeHNS Ha TiIyonHe 34,0-36,0 m
OT YPOBHS THCBHOW MOBEPXHOCTH, YTO COOTBETCTBYECT
a0COIOTHBIM BBICOTHBIM oTMeTKaMm 118,00-120,00 M,
MOJICTHJIAIOTCS KOPEHHBIMH OTJIOXKCHUSIMHU (CBEPXY
BHU3):

* HIDKHEMEJIOBBIC OTIIOKEHHSI KYHIICBCKOU U JIFOOC-
pEeLKoii ToMIu Oeppuaca, pOCTOBCKOW CBUTHI HUYKHETO
TOTEpHUBa, JIbIKOBCKOM TOJIIH, CABEJIbEBCKOW U Tpe-
MSTYEBCKOI CBUT BEPXHETO T'OTEpUBa OOBEIUHCHHBIC
(K1kn-gr) 3amerarot 1moj 9eTBepTHIHBIMH OTIOKCHUSIMHA
1 MPECTABICHBI IECKAMU MOIITHOCTHEO J10 2,0 M;

* BCPXHEIOPCKHE-HIKHEMEIIOBBIC OTIIOXKEHHS JIOTIa-
trHCKo# cBuThI (J3-K 11p) 3anerator Ha niryoune 32,0-34,0 M,
YTO COOTBETCTBYET aOCOIFOTHBIM BBHICOTHBIM OTMETKAM
114,00—116,00 M, peacTaBiIeHbI TECKAMHA MOIITHOCTBIO
2,0-4,0 m;

* BEPXHCIOPCKHE OTIOKEHUS (PUICBCKOW M ero-
preBcKkoii cBuT HepacwicHeHHble (J3fl+eg) 3aneraror
Ha Tiryouse 37,5-39,0 M, 9TO COOTBETCTBYET aOCOIIOT-
HBIM BBICOTHBIM oTMeTKaM 111,00-113,50 m, npencras-
JICHBI TIeCKaMU MOITHOCTRIO 2,0—4,0 M;

* Cpe/IHEe-BEPXHECIOPCKUE OTIIOKCHUS BEITUKOIBOP-
CKoi-epMonuHCKo# cBHT (J2-3vd-er) 3ameraioT Ha rimy-
o6une 40,0-42,0 M, 9TO COOTBETCTBYET aOCOJIOTHBIM
BbICOTHBIM OoTMeTKaM 108,50-110,50 M, mpencraBieHbt
DIMHAMH MOIIHOCTHIO 15,0-17,0 Mm;

* CPCIHCIOPCKHUE OTJIONKCHHS YYIKOBCKOW CBUTHI
(J2chl) 3aneraror va rimyoune 57,0-58,0 M, 9TO COOTBET-
CTBYET a0COITIOTHBIM BBICOTHBIM OTMETKaM 92,00-93,50 M,
TIPE/ICTABIICHEI ITECUAHUCTHIMY [TIHHAMHA U TIIMHACTHIMHA
MecKaM¥ MOITHOCTHIO Oostee 3,0 M;

* BEPXHCKAMCHHOYTOJIBHBIC OTIOKCHUS XaMOB-
HUYECKON CBHTHI, BEpXHEH (HEBEPOBCKOM) IMOACBUTHI
(C3hm2) 3aneraror Ha nryouse 57,0-59,5 M, 9T0 COOTBET-
CTBYET a0COTIOTHBIM BBEICOTHBIM oTMeTKaM 92,00-93,00 m,
MPECTABICHBI NIUHAMU C MPOCIIOSIMHA MEpTrelieii MOTII-
HocThiO 1,0-3,0 M;

* BEPXHCKAMCHHOYTOJIBHBIC OTJIOKCHUS XaMOB-
HUYECKOW CBUTHI, HIDKHEH (PaTMHPOBCKOI) ITOICBUTHI
(C3hml) 3aneratot Ha nmyoune 59,0—62,5 M, 94T0 COOTBET-
CTBYET a0COTFOTHBIM BEICOTHBIM OTMeTKaM 89,00-91,00 M,
TIPE/ICTaBICHBI M3BECTHAKAMHI MOIITHOCTEIO Ooree 4,5 M.

T'unporeonornyeckue yCiaoBHs y4acTKa XapaKTepH-
3YIOTCS HAJIITYHEM HaTBIOPCKOTO BOIOHOCHOTO KOMILIEK-
ca, MOA3EMHbBIC BOJBI KOTOPOTO BCKPBITHI HA TIIyOHHE
9,0-11,5 M, 9TO COOTBETCTBYET aOCOMIOTHBIM BHICOTHBIM
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ormetkam 140,00—141,00 m. [opu3oHT HOCUT Oe3HAIIOP-
HBII XapaKTep.

Ha nnomanke cTpouTtenbeTBa BhIIENeHO 16 uHxke-
HepHo-Treosiorndecknx aemenTos (MUI'). [Tepeuens I
1 PEeKOMEH/TyeMbIe (PU3UKO-MEXaHIIECKHE XapaKTePHUCTH-
K rpyHTOB [yt Monesin Hardening Soil mist porpammHo-
ro komrurekca (1K) Plaxis mpencrasnens! B Ta0m. 1.

MATEPHAJIBI U METO/JAbI

JJiss yMEHBIIICHUsT TIPOTHO3HBIX AepopManuii oc-
HOBAHUsI 37[aHKsl B pAMKaX MCCIEIOBAHHS PACCMOTPEHbI
JIBE TEXHOJIOTHH YCTPOMCTBA AOMOIHUTEIBHBIX MEPO-
npustuit [1-3].

Jet Grouting (cTpyiiHasi LIEMCHTAIHsI) — TEXHOJIO-
rHsl YCUJICHHS TPYHTOB, OCHOBAHHAsI HA HCIOJIb30BAHUU

Taou. 1. Du3uKo-MexaHHIECKHE XapaKTePUCTHKH TPYHTOB i Monenu Hardening Soil o mporpamMHoro komriekca Plaxis
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UI'D-26. Ilecku menkue

C MPOCIIOSIMHU CPEeIHEN KPYITHOCTH,
CpeHel IIOTHOCTH, BIAKHbIE

W BOJIOHACHIIICHHBIE (a,f 3—Q““‘S)

100 — | 171

0,33 107,0 | 0,32 0,25 6,0

NI'3-28. Ilecku menkue

C POCIIOSIMU CpeHEN
KPYITHOCTH, IJIOTHBIC, BIAKHBIC
¥ BojloHackIennbie (a,f*-Q, ™)

100 | — 17,9

0,33 0,29 | 26,2 143,1 | 0,27 0,23 7,5

NI'3-4. Cynecu niacTUYHbIE
MECYAaHNUCTHIE, C TPOCIIOSIMU
CYIIIMHKOB JIETKHX, TIECUaHUCTBIX,
C MIPOCIIOSIMU 1 THE3/IaMH IIECKOB
CpeIHEN KPYITHOCTH, C IpECBOM

u mebuem (f,lg-Q, ™)

100 | 1,0 | 6,6

0,31 031 | 6,1 784 | 034 032 -

UID-4a. Tlecku cpenneit
KPYIHOCTH C MPOCTOSIMH KPYTHBIX,
MECTaMH TIIMHUCTHIE, C IPOCIOAMH
CYIJIMHKOB U CyNeCceH, ¢ IpecBoi

u meOHeM, CpeiHeH TUIOTHOCTH,
Bofonaceimennsie (f,1g-Q,™)

100 | — 15,5

0,24 0,28 | 17,8 121,3 | 0,30 0,27 8,8

NID-46. [ecku cpenneit
KPYITHOCTH C IIPOCIOSIMI

KPYITHBIX, MECTAMH TIINHHCTHIC,

C MIPOCIIOSIMU CYDIIMHKOB H CyTIeCeH,
C JIpecBoii U meOHEM, IIOTHEIC,
BonoHackennbe (f,1g-Q ™)

100 | — 17,3

0,24 0,30 | 18,6 128,8 | 0,27 0,24 9,5

NI'3-5. Cynecu niacTUuHbIE,
C TIPOCJIOSIMH CYTJIMHKOB, pexe e | 290 | 1,9

(a,finkads)

28,8

0,28 0,65 | 24,2 157,8 | 0,30 0,28 -

UI'D-7a. [lecku menkue
C MPOCIIOSIMH ITBUIEBATHIX, CPeIHEH
IJIOTHOCTH, BOJOHACKHIIIEHHBIE

(a.f-Q* )

100 - 12,9

0,32 0,32 | 18,5 118,9 | 0,30 0,26 8,6

NID-76. [leckn menkue
C IPOCIIOSIMH TIBIJIEBATHIX, IIOTHBIE,
BOZIOHACKIIIEHHEIE (a,f—Q," )

100 - 17,2

0,28 0,34 | 23,7 | 1524 | 0,31 0,24 11,1
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SHEPIHU BBICOKOHATIOPHOM CTPYH LIEMEHTHOTO PacTBOpa
[4-6].

Briiensiior Tpu pa3HOBUIHOCTH TEXHOJIOTHH Jet
Grouting [7]:

 Jet 1 (OmHOKOMITOHEHTHAs) — IS pa3pyLICHUS
U CMELINBAHUSI UCIIONB3YETCS TOJIBKO LIEMEHTHAS! CTPYSL.
JlnaMeTp KOJIOHH M3 TPyHTOLIEMEHTA 3aBUCUT OT THUIIA
MOYBHI: ISl TAUHUCTHIX TPYHTOB — 500—-600 MM,
g necyanblx — 700—800 mm;

* Jet 2 (IByXKOMITOHEHTHAs1) — IIEMEHTHAs CTPYs
YCHIJIMBAETCSI TIOTOKOM C)KaTOTO BO3/1yXa, YTO YBEJINYH-
BaeT SHepruro u puamerp ceau. OcodenHo rdpexruBHa
B IIIMHUCTBIX TPYHTaX, I TpeOyeTcs OoJbIas SHeprus
JUISL KQYECTBEHHOTO MIepeMEIIIBaHNS;

 Jet 3 (TpeXKOMITOHEHTHAsT) — IS Pa3pyLICHUS
U BBIHOCA YACTHIl YKPEIIJSIEMOTO IPYHTa HUCIIONIB3YIOT
JIBOMHYIO CTPYIO U3 BOABI X BO3YXa, TIOCIIE YETO OTACIIb-
HOMI (OPCYHKOI TTOAAIOT IEMEHTHBINA pacTBOpP. DTOT Me-
TOJI MTO3BOJISIET JOCTUYb MAKCHMAJIBHOM IIPOYHOCTH CBaH
1 CO3/1aBaTh AJIEMEHTHI OOJIBIIOTO JTHaMETpa.

IIpenmMyiecTBa TEXHOIOTUH CTPYHHOH LeMeHTa-
uwn Jet Grouting [8]:

* TpeJCKa3yeMOCTh Pe3yJIbTaToOB CTPYHHOTO YKpe-
TUICHUSI TPYHTOB;

* BBICOKas MPOM3BOANUTENBHOCTH (10 300 mor. M
Jet-cBaii B cyTKn);

* BO3MOXXHOCTb Pa0OTHI B CTECHEHHBIX YCIOBHAX
(B TIOZIBANTBHBIX MOMEIICHHSIX, BOJIM3H CYIIECTBYIOIINX
3MaHKH, Ha oTKOcax) [9];

* BO3MOXKHOCTb NOJBEACHUS Jet-cBail mox cyuie-
CTByIOIIHME (yHAaMEHTHI (ITO3BOJSIET Yepe3 OTBEPCTHE
100 MM BIONTHATE cBau tuameTpoM 300—700 mMm);

* BO3MOYKHOCTh YCTpOWCTBa Jet-cBaif B 0OBOIHEH-
HBIX TPYHTaX.

Texnonozus ycuneHus 2pyHmos ¢ npumeHeHuem
paspaono-umnyavenvix ceatl (PUT ceaii) (pa3psaHo-
MMITYJIbCHAsI TEXHOJIOTHS) — METOJl YCTPOHCTBa Oypo-
UHBEKIIMOHHBIX CBall C OMOIIbIO UMIYJIBCHOTO JJIEK-
TPUIECKOTO TOKA.

BetonHy0 cMech, YIOKEHHYIO B CKBAXKHHY, TOABEP-
Taf0T UMIYJITECHOMY BO3ZCHCTBHUIO ANEKTPHUECKOTO TOKA
C MPUMEHEHUEM CIIEHUANBHOIO n3iydarens. Beicoko-
BOJIETHBIC AJICKTPUYECCKHE Pa3psabl BEI3BIBAIOT IEKTPO-
B3pbIBEL. briaroyaps anexrporupasmyeckomy 3 hexTy
TEJIO CBaM PACIIMPSETCS Ha JIOKATBHBIX y4acTKax, B TOM
yucle B paifone nstsl [10-14].

B pesynbrare [15]:

* IMaMETpP CKBAXXHHBI YBCIMYUBACTCA B 2 pa3a
u boiiee;

* CBas IMPOYHO JICPIKUTCS B TPYHTE U BBIICPKUBACT
BBICOKHE BEPTUKAJIbHBIC U TOPU3OHTABHBIC HATPY3KH;

* OKPYXAIOIIUI TPYHT YIUIOTHSCTCS, IEMCHTUPY-
€TCsI, YTO JOOABIISIET IPOYHOCTH KOHCTPYKIuH [16].

IIpeumyiecrsa PUT:

* BO3MOXXHOCTB BEJICHUS paboT U3 HIKHETO IToMe-
IICHHS ¢ BEICOTOM TIOTOJIKOB He MeHee 2,4 M (13 mo/iBa-
J1a, IIOKOJIBHOTO HJTH TIEPBOTO ITAXKEN);

* BO3MOXKHOCTP ITPOXOIKH O€3 MCITOIh30BaHMUS 00-
caiHOM TPyOBI Ha cIIa0BIX TPYHTAX MPH OCBIITAHUY CTEH
CKBa)KUHEI,
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Tabu. 2. CBognas Tabnuia pe3ysIbTaToB PacyeToB [Uisl BEIOOpA TUIIA YCHICHHSI OCHOBAHHUS

IIpoexTHOE XapaKkTepUCTUKU Tpebyemas | KommuectBo | OObeMm cBait Ha rutomanke | IIporrHosmpyemas
peueHne OCHOBaHUS/ ocajka, cM cBait pasmepamu 10 x 10 m ocaJka, M
(dyHmamenTa Ha IJIOIIA/IKEe MY TITyOMHE TOJIIIH,
pa3MepaMu | paBHOM JAJIMHE CBail/TiTyOnHE
10 x 10 m MaccuBa, M°
Ilnura HI'D-26 (cm. puc. 2)
Ha €CTECTBEHHOM - - 20,85
OCHOBaHUU
IInura E=261,95 MIla,
Ha 3aKpEIVICHHOM | pa3Mepbl MacCHBa:
MacCHUBE IpyHTa h=128 M, 1548.,8 9,87
MeTonoM Jet d=0,6wm,
Grouting mar = 0,9 m 121
E =224,68 MIla,
pa3Mepbl MaccHBa: 15
h=11,0 m, 1331 12,36
d=0,6Mm,
mar = 0,9 m
Cpau PUT d =350 mm,
mar = 1,4 m, 735%* 19,62
mmHa = 15 M
49
d =350 mm,
mar = 1,4 m, 1225% 8,8
uMHa = 25 M

Ipumeuanue: * — oobem cBait PUT paccuutbiBaincs 6e3 yuera yImpeHuii.

* Hecymias CIiocoOHOCTh CBai, M3rOTOBJIEHHBIX
no PUT, — 1o 2,5 pa3 Bellle, 4eM y cBail, U3TOTOBIICH-
HBIX 0 IPyTUM TEXHOJIOTHSM.

PE3VYJIBTATHI UCCIEJOBAHUA

Jns BeIOOpa THIA (hyHIAMEHTa OBLTH TPOM3BEICHBI
pacyeTsl JUTs HECKOJIBKNX BapHAHTOB, TAKHX KaK:

1. dynpamMeHTHas IUIHTA HA €CTECTBEHHOM OCHO-
BaHHU.

2. Ycunenue ocHoBaHUs 1o TexHoyoruu Jet Gro-
uting:

» mryOmHa yerpotictBa 15,0 M, mar cBaii 0,9 M, nua-
Mmetp cBaif 0,6 m;

* mrybOuHa ycrpoiictsa 12,8 m, mar csaii 0,9 M, qua-
MmeTp cBaii 0,6 M;

* mrybouHa yerporictsa 11,0 M, mar cgaii 0,9 m, nua-

Metp cBaif 0,6 M.

JedopmupoBanHas ceTka |u| (yBenu4eHo B 5 pa3)
MaxcumansHoe 3HaueHne = 0,3967 m (B y3me 139 672)

Puc. 1. Pacuernas cxema
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[Tonueie nepememenus u, (ysenmueno B 20 pas)
MakcumanbHoe 3Hauenue = 4,533 - 107 m
MunumainbHoe 3HaueHue = —0,2085 m

a

[Mommbie mepemenienus u, (yemmaeHo B 50 pas)
MaxcumainbsHoe 3HaueHue = 2,985 - 103 m
MunnmansHoe 3HaueHne = —0,09813 M

b

[Tonmbie mepemenienus u_ (ysemnueHo B 20 pas)
MaxkcumansHoe 3Ha9enue = 3,351 - 103 m
Munumainbshoe 3unauenue = —0,1236 m

o
n
B
LﬂI

[*10°m]
20,00

0,00
—20,00
—40,00
—-60,00
-80,00
—-100,00
-120,00
—140,00
—-160,00
—-180,00
—200,00
—220,00

[*10° m]

z
.
X

10,00
0,00
-10,00
-20,00
-30,00
—40,00
-50,00
—-60,00
—-70,00
—-80,00
-90,00

—100,00

[*10°m]

|

10,00
0,00
-10,00
—-20,00
-30,00
—40,00
-50,00
—-60,00
—70,00
—-80,00
-90,00
-100,00
—-110,00
—-120,00
—-130,00
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[*10°M]
20,00
0,00
—-20,00
—40,00
—-60,00
-80,00
—-100,00
-120,00
—-140,00
z
K ~160,00
[Momubie nepemenienus u, (yBenudeno B 20 pas) X 180.00
MaxkcumansHoe 3HaueHue = 3,875 - 107 m ’
MunumainsHoe 3aadenne = —0,1962 m 200,00
d
[¥10° M]
—40,00
—42,50
—45,00
—47,50
-50,00
-52,00
-55,00
-57,50
—-60,00
-62,50
—65,00
-67,50
—70,00
-72,50
75,00
-77,50

y —-80,00
—82,50

[Mommpie mepemenienns u_ (yemmueHo B 50 pas) X -85,00

Makcumanpshoe 3uauenue = —0,04160 m
Munumainbsnoe 3Hadenue = —0,08755 m

e

—87,50
-90,00

Puc. 2. BepTI/IKaIILHLIe TICPEMECIICHUA: a — 3/1aHAA Ha €CTCCTBEHHOM OCHOBAaHUU, b — ocHOBaHus TIpU UCIIOJIB30BAHUU TECX-

Hontoruu Jet Grouting Ha TryOuny 12,8 M; ¢ — OCHOBaHUS ITPU UCTIONB30BaHNN TexHonornu Jet Grouting Ha my6uny 11,0 M;

d — ocHOBaHUA NIpH Hcnob30BaHuy cBait PUT Ha riyOuny 15,0 M; e — ocHoBaHUs 1pH Hctionb3oBanun cBaii PUT Ha riryOnHy

25,0 M

3. YerpoiictBo dyHaamenTos u3 cBaii PUT:

* mmmHa cBaif 15,0 M, mar cBaii 1,4 m, rameTp cBaii
0,35 m;

* mmHa cBaif 25,0 M, mar cBaii 1,4 M, rameTp cBaid
0,35 m.

Pesynbrarel pacueToB MpeACTaBIEHBI B Talml. 2.
KpacHbiM 11BETOM BbI/IENIEHBI 3HAUEHHUSI IOJTyYEHHOM pac-
YeTaMH OCaJIKH, MPEBbIIAIONICH NomycTuMble. B Tabm. 2
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TaKXKe [TPUBEICHBI KOJIMYECTBO U O0BEMbI CBail Ha ILJI0-
maake 10 x 10 M, mryOuHOH, MPUHATON B 3aBUCUMOCTH
OT THUIIA BBIOPAHHBIX JIOMOJIHUTEILHBIX MEPOIPHSITHI,
paBHO#1 TiTyOnHe MaccuBa u3 Jet-cBaii u qymmne PUT-cBait.

[To pe3ynbTaTaM OLEHKH MPOrHO3UPYeMbIX aedop-
MaIii IPOEKTHPYEMOTO 3/IaHHsI OIIPEICICHO, YTO Tepe-
MEIICHHU W OTHOCUTENbHBIC Nedopmarin GyHIaMeHTa
Ha €CTECTBCHHOM OCHOBAaHHU TPEBBIIAIOT MPEICTHHEIC
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nornyctumbie [17-20]. TpeOyercst npeaycMoTpeThb J10-
MIOJTHUTEIIBHBIE MEPOTIPUSTHUS 711 00CCTICUEHHS COXPaH-
HOCTH 1 0€30MacHOM 3KCIUTyaTaluy MPOEKTHPYEMOTO
3MaHMS.

Caonnast MHGOpMAIHS 110 pe3ysIbTaraM pacueToB
MpuBeIcHa B TaOI. 2.

Pesynerarter pacueros B [IK Plaxis 3D npuBeneHs!
Ha puc. 1, 2.

S3AKJIIOYUEHUE

ITo pe3yneraram MpoBEAEHHOTO UCCIEJOBAHUS MOXK-
HO CZEJIaTh CIIENYIOIINE BBIBOIBI:

1. IlpuMeHeHNE AOMOTHUTEIBHBIX MEPOIPUATHH
Ha PACCMOTPEHHOMU IUIOMIAJKE CTPOUTENIBCTBA MOXKET
Croco0CTBOBaTh MUHIUMHM3AIUK POTHO3HPYEMBIX JIe-
(hopmanmii py BO3BEACHUHU ITPOESKTHPYEMOTO 3aHUs.

2. YnosneTBopeHue TpeOOBaHuUil 110 BTOPOI Ipyn-
e TIPEACITBHBIX COCTOSHAN MOXET OBITh 00CCIICUYCHO
MIPH MCTIONB30BAHNUN PA3TMYHBIX BAPHAHTOB JOIOIHH-
TEJILHBIX MEPOIPUSITHIL:

* YCTPOMCTBO IPYHTOIIEMEHTHOTO MACCHBAa IT0 TEX-
Hostoruu Jet Grouting B paCCMOTPEHHBIX BApUAHTAX [ITy-
ounoii 11,0 u 12,8 m;

* YCTPOMCTBO CBaifHOro ()yHIAMEHTA MO TEXHO-
noruu PUT aunamerpom 350 MM ¢ qyuHOMN cBait 25 M
mo cetke 1,4 X 1,4 M.

3. YuuThIBasi CKOPOCTH MPOU3BOJICTBA PAOOT IIPH pe-
AM3AIIH PA3INIHBIX BApHAHTOB, a TAKKE HEOOXOITUMEBIS
[1yOWHBI CBall, ONTUMAJIbHBIM PCIICHHUEM B MPEIICTAB-
JICHHOM CJIy4Jae sIBJISIeTCS MPUMEHEHHE TeXHoJIoruu Jet
Grouting /1J1s1 yCHUIICHUS] TPYHTa OCHOBAHUS Ha DIIyOUHY
11,0 m.
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Brao asmopog: éce agmopul coenanu IKGUBALEHMHBII 6KAA0 6 HOO20MOBKY NYONUKAYUL.

Aemopbl 3a561510m 06 0OMCymcmeuu KOHGYIUKMa uHmepecos.

INTRODUCTION

The designed structure is an apartment building
with an underground parking garage and plan dimensions
(L x W) 0f 48.65 x 38.5 m:

* number of stories: 25-45 above-ground and 2 un-
derground (under the entire building area);

* building height: 81.3-151.35 m.

A two-level underground parking facility (a civil
defense and emergency shelter) is constructed; it has:

* principal load-bearing structures: a cast-in-place
reinforced concrete frame;

* limiting values of average settlement of founda-
tion soils: § = 15.0 cm;

* depth of the compressible soil mass: 22.4 m.

The site is located on the third terrace above
the floodplain. The terrain is relatively flat and artificially
planned; its absolute ground-surface elevations are ap-
proximately 150.00-151.50 m.

Geologically, the site has Quaternary deposits
of the following stratigraphic units stretching to a depth
of 52.0 m (from top to bottom):

34

« anthropogenic soils (t-QIV) are found from
the ground surface to a depth of approximately 0.5-2.0 m;

* Middle Quaternary alluvial-fluvioglacial deposits
of the third terrace above the floodplain (a,f-QIIms) are
found at the depths of 0.5-2.0 m, corresponding to abso-
lute elevations of 149.50—151.00 m, and are represented
by sands and loams with a total thickness of 10.0-15.0 m;

» Middle Quaternary fluvioglacial and lacustrine-
glacial deposits (f,1g-QIIms) underlie the alluvial-fluvio-
glacial deposits at depths of 12.0-15.5 m, corresponding
to absolute elevations of approximately 136.00-138.00 m,
and are represented by sands, sandy loams, and loams
with a thickness of 1.2-6.0 m;

* Lower Quaternary alluvial-fluvioglacial depos-
its: Vnukovo series of the Don horizon (a,f-QIvk-ds) are
located at the depths of 14.5-17.0 m, corresponding to
absolute elevations of 134.50-135.50 m, and are repre-
sented by sands, sandy loams, and loams with a thickness
of 7.5-12.5 m.

At depths of 34.0-36.0 m below ground surface, cor-
responding to absolute elevations of 118.00-120.00 m,
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the Quaternary deposits rest on bedrock deposits (from
top to bottom):

» combined Lower Cretaceous deposits of the Kunt-
sevo and Lyubertsy members of the Berriasian, the Ros-
tov Formation of the Lower Hauterivian, the Dyakovo
Member, and the Savelievskaya and Gremyachevska-
ya formations of the Upper Hauterivian (K1kn-gr) under-
lie the Quaternary deposits and are represented by sands
up to 2.0 m thick;

» Upper Jurassic-Lower Cretaceous deposits
of the Lopatino Formation (J3-K1lp) occur at depths of
32.0-34.0 m, corresponding to absolute elevations
0f 114.00-116.00 m, and are represented by sands 2.0-4.0 m
thick;

+ undifferentiated Upper Jurassic deposits of the Fi-
levskaya and Egoryevskaya formations (J3fl+eg) occur
at depths of 37.5-39.0 m, corresponding to absolute

elevations of 111.00-113.50 m, and are represented by
sands 2.0-4.0 m thick;

» Middle—Upper Jurassic deposits of the Velikod-
vorskaya—Ermolinskaya formations (J2-3vd-er) occur at
depths of 40.0-42.0 m, corresponding to absolute eleva-
tions of 108.50-110.50 m, and are represented by clays
15.0-17.0 m thick;

* Middle Jurassic deposits of the Chulkovska-
ya Formation (J2chl) occur at depths of 57.0-58.0 m,
corresponding to absolute elevations of 92.00-93.50 m,
and are represented by sandy clays and clayey sands
more than 3.0 m thick;

» Upper Carboniferous deposits of the Kham-
ovniki Formation, upper (Neverovskaya) subformation
(C3hm?2), occur at depths of 57.0-59.5 m, corresponding
to absolute elevations of 92.00-93.00 m, and are repre-
sented by clays with marl interlayers 1.0-3.0 m thick;

Table 1. Physical and mechanical characteristics of soils for the Hardening Soil model in the Plaxis software package

EGE number and type P

Overconsolidation ratio
OCR
Oedometer deformation
modulus £/

ur
ur

Power exponent of
stiffness dependence on
stress level m
Coefficient of lateral
pressure at rest K"
Secant deformation
modulus £,
Reloading deformation
modulus E "¢
Poisson’s ratio v
Poisson’s ratio for

reloading v
Dilatancy angle v

kPa -

£
&

- MPa

£
&
\
\

EGE-2a. Fine sands, loose, moist

100 -
@f-Q,)

_.
N
=

0.27 0.31 13.7 72.2 0321 028 | 8.8

EGE-2b. Fine sands with interlayers
of medium sands, medium dense,
moist and water-saturated

(asf37QHms)

100 - 17.1

0.33 0.29 | 21.6 107.0 | 0.32] 0.25 | 6.0

EGE-2c. Fine sands with interlayers
of medium sands, dense, moist and 100 -
water-saturated (a,f*-Q ™)

17.9

0.33 0.29 | 26.2 143.1 [ 027 | 023 | 7.5

EGE-4. Plastic sandy

loams, with interlayers of light
sandy loams, with interlayers and 100 | 1.0 6.6
pockets of medium sands, with grus
and crushed stone (f,1g-Q,™)

0.31 0.31 6.1 78.4 0.34 | 0.32 -

EGE-4a. Medium sands with
interlayers of coarse sands, locally
clayey, with interlayers of loams and
sandy loams, with grus and crushed
stone, medium dense, water-saturated

(f,]ngHmS)

100 - 15.5

0.24 028 | 17.8 1213 | 030 | 0.27 | 8.8

EGE-4b. Medium sands with
interlayers of coarse sands, locally
clayey, with interlayers of loams and
sandy loams, with grus and crushed
stone, dense, water-saturated

(f1lg-Q,™)

100 - 17.3

0.24 030 | 18.6 128.8 1027 | 0.24 | 9.5
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End of the Table 1
EGE number and type P - =. | = g
5 sl 88| 5|8 g >~ | & >
= | =3 X | 2% > <= ] o
= = 2 T3 E-cﬁ S < So g‘\ .2 )] = ey
—Uﬂﬂ v © = e s 2 — m b S = =~ on
SO | 3ER| ECB | B8 R SRl S | w| §
FRe) g 8« Q a — = S« D @ - = g
2 SEE| E82 | 28|52 =2 | 2|23 &
S |85 o 3 o | T3 on B o S Q
SE| 8¢ 285 & o S 2 S| g
(SIS =l = n B 13) - K= 7] o O <
= oL o O O ®» 2 g Q = O 2] 7} -
ET|C2E| 222|852 |58 2| 5 |g¢2]| =
> R:=IRS 29| 8 3 ~ o A
© -~ O & o) A
[
kPa | — MPa - - MPa | MPa - deg

EGE-5. Plastic sandy loams with
interlayers of loams, less commonly | 290 | 1.9 28.8 0.28 0.65 | 24.2 157.8 10.30| 0.28 -

clays (a,f —Q**)

EGE-7a. Fine sands with interlayers
of silty sands, medium dense, water- | 100 - 12.9 0.32 0.32 18.5 1189 |0.30 | 0.26 | 8.6
saturated (a,f —Q,"* %)

EGE-7b. Fine sands with interlayers
of silty sands, dense, water-saturated | 100 - 17.2 0.28 0.34 | 23.7 1524 1031 024 | 11.1
(a.f-Q )

EGE-8. Medium sands with
interlayers of coarse sands, dense

with medium-dense interlayers,
water-saturated (a,f —Q ")

EGE-10. Semisolid clays, highly
sandy, with frequent interlayers
(interbedding) of silty and fine sands
(J,—K Ip)

EGE-11. Semisolid clays with
interlayers of sandy loams and sands,
with phosphorite inclusions

(J,fl+eg)

EGE-12. Semisolid clays with hard
clay interlayers (J, ,vd—er)

170 - 29.0 0.39 0.27 | 35.1 1564 [035| 0.29 |13.1

440 1.3 17.4 0.37 0.65 | 20.5 157.7 1033 ] 0.31 -

400 1.5 13.2 0.61 052 | 173 1395 (041 | 034 | —

590 1.7 27.5 0.55 0.71 | 20.4 141.0 | 042 | 0.39 —

Table 2. Summarized results calculations required for selecting the foundation-soil improvement method

Design solution Characteristics of Required Number of Pile volume within Predicted
foundation soil/ settlement, | piles within a 10 x 10 m site area at settlement, cm
foundation cm al0x 10m the stratum depth equal
site area | to pile length/mass depth, m?

Foundation slab on | EGE-2b (see Fig. 2)

natural ground - - 20.85

Foundation slab E=261.95 MPa,
on a Jet Grouting- | mass dimensions:
improved soil h=12.8 m, 1,548.8 9.87
mass d=0.6m,

spacing = 0.9 m

121
E=224.68 MPa,

mass dimensions: 15
h=11.0m, 1,331 12.36
d=0.6m,

spacing = 0.9 m

DPT piles d =350 mm,
spacing = 1.4 m, 735% 19.62
length = 15
eng m 49

d =350 mm,
spacing = 1.4 m, 1,225% 8.8
length =25 m

Note: * — DPT pile volume calculation disregarded pile enlargements.
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» Upper Carboniferous deposits of the Kham-
ovniki Formation, lower (Ratmirovskaya) subformation
(C3hml), occur at depths of 59.0-62.5 m, corresponding
to absolute elevations of 89.00-91.00 m, and are repre-
sented by limestones more than 4.5 m thick.

The hydrogeological conditions of the site are charac-
terized by the presence of a supra-Jurassic aquifer complex.
Groundwater was encountered at depths of 9.0-11.5 m,
corresponding to absolute elevations of 140.00-141.00 m.
The aquifer is unconfined.

A total of 16 engineering-geological elements
(EGEs) were identified at the construction site. The list
of EGEs and the recommended physical and mechanical
characteristics of soils for the Hardening Soil model in
the Plaxis software package are provided in Table 1.

MATERIALS AND METHODS

Two foundation-improvement technologies were
considered in this study to reduce the predicted deforma-
tions of foundation soils [1-3].

Jet Grouting (jet grouting) is a ground improve-
ment technology based on the energy of a high-pressure
cement grout jet [4-6].

Three types of Jet Grouting technology are distin-
guished [7]:

o Jet 1 (single-fluid). Only a cement jet is used for
cutting and mixing. The diameter of soil-cement columns
depends on the soil type: 500-600 mm for clayey soils
and 700-800 mm for sandy soils;

« Jet 2 (double-fluid). The cement jet is assisted by
a compressed-air flow, which increases the energy and
pile diameter. It is particularly effective in clayey soils,
where greater energy is required for high-quality mixing;

o Jet 3 (triple-fluid). A double jet of water and air
is used to cut the soil being improved and remove soil

particles, after which cement grout is supplied through
a separate nozzle. This method ensures maximum pile
strength and forms large-diameter elements.

Advantages of Jet Grouting [8]:

* predictable results;

¢ high productivity (up to 300 linear meters of jet
piles per day);

» applicability in confined conditions (basements,
near existing buildings, and on slopes) [9];

* possibility of installing jet piles beneath existing
foundations (piles 300—700 mm in diameter can be con-
structed through a 100 mm opening);

* possibility of installing jet piles in water-saturated
soils.

Ground improvement using discharge-pulse piles
(DPT piles), also known as the discharge-pulse technol-
ogy, is a method for constructing bored injection piles by
means of pulsed electric current.

The concrete mix placed in a borehole is subjected
to pulsed electric current using a special emitter. High-
voltage electric discharges generate electric explosions.
Owing to the electrohydraulic effect, the pile body ex-
pands locally, including in the toe zone [10-14].

As aresult [15]:

* the borehole diameter increases by a factor of two
or more;

« the pile is firmly anchored in the ground and can
withstand high vertical and horizontal loads;

* the surrounding soil is compacted and cemented,
which increases the strength of the structure [16].

Advantages of DPT:

» work performance in a lower room with a ceiling
height of at least 2.4 m (from a basement, semi-base-
ment, or first floor);

Deformed mesh |u| (scaled up 5.00 times)
Maximum value = 0.3967 m (at node 139,672)

Fig. 1. Calculation model
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Total displacements u_(scaled up 20.0 times)
Maximum value = 4.533 - 10° m
Maximum value =—0.2085 m

a

Total displacements u_(scaled up 50.0 times)
Maximum value = 2.985 - 10° m
Maximum value =—0.09813 m

Total displacements u_(scaled up 20.0 times)
Maximum value =3.351 - 103 m
Maximum value =-0.1236 m

0
n
B
14|

[*10°m]
20.00

0.00
—20.00
—40.00
—-60.00
—-80.00
—100.00
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—180.00
—200.00
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[¥10°m]

10.00
0.00
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—20.00
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-90.00
—100.00

[*10°m]
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—-80.00
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—-110.00
-120.00
—-130.00
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L
Total displacements u_(scaled up 20.0 times) X

Maximum value = 3.875 - 10° m
Maximum value =-0.1962 m

Total displacements u_(scaled up 50.0 times)
Maximum value =—-0.04160 m
Maximum value = —0.08755 m

e

[*¥10°m]
20.00
0.00
-20.00
~40.00
~60.00
80.00
~100.00
120.00
~140.00
z
~160.00
~180.00
200.00
[*10°m]
40,00
42,50
45.00
4750
-50.00
252,00
-55.00
5750
~60.00
~62.50
~65.00
~67.50
~70.00
~72.50
~75.00
~77.50
i ~80.00
y .
-82.50
x 85.00
~87.50
-90.00

Fig. 2. Vertical displacements: a — building on natural ground; » — foundation soil improved by Jet Grouting to a depth of 12.8 m;

¢ — foundation soil improved by Jet Grouting to a depth of 11.0 m; d — foundation soil with DPT piles driven to a depth
of 15.0 m; e — foundation soil with DPT piles driven to a depth of 25.0 m

* drilling without casing in weak soils when bore-
hole walls may collapse;

* the bearing capacity of piles constructed using
DPT is up to 2.5 times higher than that of piles construct-
ed using other technologies.

RESEARCH RESULTS

Calculations were made for the following alterna-
tive options to select the best foundation:

1. Foundation slab on natural ground.

2. Foundation-soil improvement using Jet Grout-
ing:

« installation depth of 15.0 m, pile spacing of 0.9 m,
pile diameter of 0.6 m;

« installation depth of 12.8 m, pile spacing of 0.9 m,
pile diameter of 0.6 m;

« installation depth of 11.0 m, pile spacing of 0.9 m,
pile diameter of 0.6 m.
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3. Construction of DPT pile foundations:

* pile length of 15.0 m, pile spacing of 1.4 m, pile
diameter of 0.35 m;

* pile length of 25.0 m, pile spacing of 1.4 m, pile
diameter of 0.35 m.

The calculation results are presented in Table 2. Set-
tlement values exceeding the allowable value are high-
lighted in red. Table 2 also presents the number and vol-
ume of piles within a 10 x 10 m site area, with the depth
depending on the type of additional measures selected
and equal to the depth of the jet-pile mass or the length
of the DPT piles.

Based on the assessment of predicted deforma-
tions of the designed building, it was established that
displacements and relative deformations of the foun-
dation on natural ground exceed the permissible limits
[17-20]. Additional measures are required to ensure
the integrity and safe operation of the designed build-
ing.

Summarized calculation results are provided in
Table 2.

The Plaxis 3D calculation results are shown in Fig. 1
and 2.

CONCLUSIONS

The following conclusions can be drawn from
the study:

1. The use of additional measures at the considered
construction site can help minimize predicted deforma-
tions during construction of the designed building.

2. The requirements for the second group of limit
states can be satisfied using several options of additional
measures:

* construction of a soil-cement mass using Jet
Grouting with depths of 11.0 and 12.8 m;

* construction of a pile foundation using DPT with
350 mm diameter piles that are 25 m longina 1.4 X 1.4 m
grid.

3. Given the work performance rates for different
options, as well as the required pile depths, the optimal
solution in the presented case is to use Jet Grouting to
improve the foundation soil to a depth of 11.0 m.
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