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AHHOTALUMUA

BeepeHue. MorpyxeHne 3aBOACKMX XKerNe3oOeTOHHbIX CBaii METOAOM CTaTUYEeCKOro BAABMMUBAHWS MPUHSATO CYUTaTh Lia-
Jsllelt TEXHOMOTMEN, OAHAKO MPU MAcCOBOM YCTPOMCTBE B BOAOHACHILLEHHBIX FMMHUCTBIX TPYHTaxX HabnioaaeTcs 3Hauu-
TerbHbI NOABLEM KaK OKPYXKatoLLEro rpyHTOBOrO MaccuBa, Tak W 3[aHui CyLlecTBytoLLei 3acTpoiku. MpefcTaBneHa nHxe-
HepHas MeToAMKa, C NMOMOLLbIO KOTOPOI MOXHO NpefABapUTENbHO OLEHUTL OXMOAEMYIO 30HY BIVSIHUSI U MPOrHO3MPYEMYHO
[eopMaLmio COCELHUX COOPYXKEHWIA.

Marepuanbl u metoAbl. [pefnaraemblii NOAX0OL OCHOBaH Ha aHaNMUTUYECKOM PeLLEHUM 3a4a4u KOHCONMAALMU TPyHTa BO-
Kpyr cBau, MCMorb3ytoLleM MOAESb paauanbHOro noToka noposoi Bogbl. O4HOpoAHOEe CBaHOE More NpUHMMaeTcs B BUAE
3KBVBAINEHTHOIN MOMoCTU, 06bEM KOTOPOW paBeH 06BbEMY BbITECHSIEMOTO rpyHTa. Paguyc 30Hb! BIIMSIHUS OrpaHNYMBaeTCs
paccTosiHueM, 3a npefernamMm KoToporo M3bbITOYHOE NOPOBOE AABIieHUe PaBHO Hymto. MogbeM OKpYXaroLLEro rpyHTOBOMO
MaccuBa npeanaraeTcs OCyLLecTBNATL METOAOM NMOCMONHOTO CYMMUPOBAHWS.

PesynkTaTbl. [INs OLEHKM BO3MOXHOCTW NPUMEHEHUS| METOAMKU BbIMOIHEHO COMOCTaBMNEHVE PE3YNLTaTOB aHaNMUTUYECKOrO
peLUeHNst C AAHHBIMU FEOTEXHUYECKOrO MOHUTOpPUMHIA. MpOrHo3upyemMble 3Ha4YeHWsl Mokasanu AOCTATOMHYH CXOAMMOCTb
C HaTypHbIMK NokasaHusaMU. OLeHeHa BO3MOXHOCTb NPUMEHEHUS KOPPENALMOHHBIX 3aBUCHMOCTEN MO ONpPeferneHunto He-
[pPEeHVPOBAHHON NPOYHOCTM FPpyHTa AN NpeanaraemMoro noaxoga.

BbiBoabl. PazpaboTaHHas MeToavKa oLeHkM aedopMaLuii rpyHTOBOrO MaccuBa W 30Hbl BUSHWS MPU MOTPY>KEHUU CBaii
BOABNUBaHUSA BepUdULMpOBaHa AaHHBIMU HaTypHbIX HabnogeHnin B CaHkT-MeTepBypre, YTo NoaTBEPXAAET ee NpuUrod-
HOCTb NSl MHXEHEPHbLIX PACYETOB Ha NpeaBapuUTeNbHbIX aTanax. KnioyeBbiM yCroBMeM JOCTOBEPHOCTU NPOrHO3a ABMSETCS
UCMNONb30BaHNe NapameTpoB HEAPEHVPOBaHHOW MPOYHOCTY FPyHTa, onpeaeneHHbIX NabopaTopHLIMU TPEXOCHBIMU UCTIbI-
TaHusMu. na obecneyeHnst HAAEXKHOCTU U yyeTa CrelnUKN CIIOXKHBIX UHXEHEPHO-TeONOrMYeckmMX YCroBUIA KOHEYHbIe
pekoMeHaaumn cneayeT BbipabaTbiBaTh HAa OCHOBE YMCIIEHHOTO MOLENMPOBaHUS.
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ABSTRACT

Introduction. The installation of precast reinforced concrete piles by static jacking is generally considered a low-impact
technology; however, when applied on a large scale in water-saturated clay soils, a significant heave of both the surrounding
soil mass and adjacent buildings is observed. An engineering method is presented that enables a preliminary assessment
of the extent of the influence zone and prediction of deformations in adjacent structures.

Materials and methods. The proposed approach is based on an analytical solution to the problem of soil consolidation
around a pile; it employs a model of radial pore-water flow. A homogeneous pile field is represented as an equivalent cav-
ity whose volume is equal to the volume of the displaced soil. The radius of the influence zone is defined as the distance
beyond which the excess pore water pressure is zero. The heave of the surrounding soil mass is evaluated using a layer-
by-layer summation technique.
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Results. To assess the applicability of the procedure, the results of the analytical solution were compared with the geotech-
nical monitoring data. The predicted values demonstrated satisfactory agreement with the in-situ measurements. The ap-
plicability of empirical correlations for estimating the undrained shear strength of soil within the proposed approach was
evaluated.

Conclusions. The procedure for estimating deformations of the soil mass and the influence zone during pile installation by
static jacking has been verified against field observations in Saint Petersburg, and its suitability is confirmed for engineering
calculations at preliminary design stages. A key condition for the reliability of the prediction is the use of undrained shear
strength parameters obtained from laboratory triaxial tests. To ensure reliability and to account for complex engineering and
geological conditions, final recommendations should be developed on the basis of numerical modeling.

KEYWORDS: jacked piles, construction-induced effects, influence assessment, influence zone, soil mass heave, heave of
adjacent buildings, excess pore pressure, undrained shear strength of soil

FOR CITATION: Mangushev R.A., Druzhinin M.S. Methodology for Assessing the Effect of Jacked Prismatic Reinforced
Concrete Piles on the Stress—Strain State of Foundation Soils. Vestnik MGSU [Monthly Journal on Construction and Archi-
tecture]. 2026; 21(6):922-930. DOI: 10.22227/1997-0935.2026.6.922-930 (rus.).

Corresponding author: Mikhail S. Druzhinin, dms95@mail.ru

BBEJEHUE

TexHONOTHS CTAaTHIECKOTO BIABIUBAHUS COOPHBIX
JKEIIe300€TOHHBIX CBAal MONyYHyIa IMIHPOKOE MPUMEHe-
HUE B YCIIOBUSX INIOTHOM ropojckoi 3actpoiiku. Kiro-
YeBBEIMH TPEUMYIIECTBAMH METOJA SBJISIOTCS OTCYT-
CTBHE TWHAMUYECKUAX W aKyCTHYECKHUX BO3ICUCTBUI;
BBICOKasl HECyIasi CIOCOOHOCTh; UCKITIOUeHHE edek-
TOB CTBOJIA, XapaKTEePHBIX [T OYPOBEIX U OypOHAOUB-
HBIX cBaii [ 1-8].

PacnipoctpaneHHOCTb TaHHOM TEXHOIOTUH B T. CaHKT-
[TetepOypre Takxke 00ycloBIeHA CIIEIU(DUKON HHKE-
HEPHO-TEOJIOTUYECKUX YCIOBHU. Pa3pes mpencrasicH
MoITHOH (0T 5 mo 30 M) ToNIIEeH BOTOHACHIIICHHBIX TITH-
HUCTBIX TPYHTOB. DTH OTJIOKEHUS 00JIATAr0T SIPKO BEI-
pPa’kKEHHOU TUKCOTPOITHOCTHIO, HU3KHMH IIPOYHOCTHEI-
MU ¥ 1e(hOPMAIMOHHBIMU XapaKTCPUCTHKAMU, a TAKKE
3HAYUTENBHOI MPOCTPAHCTBEHHON HEOTHOPOIHOCTHIO
U aHU30TPONHEN CBOMCTB.

HecmoTps Ha psaj npeuMyIecTB paccMaTpuBae-
MOTO METO/Ia, HAaTYpHbIe HAOIIOCHHS BBISIBHIIIH CYIIle-
CTBEHHBIII HenocTaTok. [Ipu MaccoBOM MOrpyXeHUU
cBail 6e3 UCIOJIb30BAHUS CHEIUATIBHBIX KOMICHCUPY-
IOLIMX MEpONPHUITHH (PUKCUPYETCsl MOABEM MaccHBa
IPyHTa M, KaK CJIe/ICTBUE, (yHIAMEHTOB IPHUIICTAIOIINX
coopyxeHnuit [9—-12].

CortacHO OCHOBHOM pa0boYeii rUIoTe3e, HeraTuB-
HBIH 3 GeKT 00yCIIOBICH B IEPBYIO OYepeIb reHepa-
1uei n30BITOYHOTO MOPOBOTO JAABICHUSA B MpoIecce
MOTPYKEHHUsI CBail B BOJIOHACHIIIEHHBIC CIa00(pMIIb-
TPYIOIIKe TTHHNACTHIE TPYHTHI [9, 13—-18]. B pesynsrare
pasBUBaETCs IBYXCTAJAMUHBIN Mpolecc aeGpopMupoBa-
HUsl TPYHTOBOro MaccuBa. Ha repBoii, KpaTkoBpeMeH-
HOU cTa/iuu, 1aBJICHUE TIEPEIAETCs TIOPOBOM KHUIAKOCTH,
YTO TPOSBIISICTCS B BHIIIOPE U MTObEME TPyHTa Ha 3HAYH-
TenbHOE paccTosinue. Ha Bropoi, nnurenbHo# cranuu,
pa3BuBaeTCs QIIBTpannoOHHas KoHcomumamws [19, 20]:
OT)KaTHe BOJIBI M TIepeada HaPsDKeHNH CKeleTy TPyHTa
WHUIIIHAPYIOT €T0 YIUIOTHEHHE U 00paTHyIo nedopma-
IIUIO — OCAJIKy. DTOT 3aTyXaIOMIKH MpoIece, AISIIHHCS
TO/IaMH, COTIPOBOXKIACTCS Pa3pYIICHUEM CTPYKTYPHBIX
CBsI3EH, a UTOTOBAs 0CaJIKa MOXKET MPEB3OMTH Hauab-
HBINA HOABEM.

MATEPHUAJIBI U METO/JbI

MeTtonuka pacuera

BBuy cKa3aHHOTO MOKHO HPEATIONOKHTD, 9TO 30HA
BIIMSIHUSA OT TIOTPY’KEHHMS CBall BAABINBAHKS OTPaHNINBA-
eTcst 00JaCThI0, HA TPAaHUIE KOTOPOH H30BITOYHOE TIOPO-
BOE JIaBJICHHUE HE BO3HHUKACT.

B pa6ote M. Paunonsd u Y. Por [21] mpencrasie-
HO aHAJMTHYECKOE PELICHNE JUIS 3aJa9l KOHCOIUIANN
TpyHTa BOKPYT 3a0MBHOH CBa¥, OCHOBAHHOE HA MOJCIH
paaMaIbHOro MOTOKA MOpoBOM BoAsl. [loydyeHo Bbipa-
JKEHHUE IS HAYaJIbHOTO PACIpEeNIeHHs H30BITOYHOTO
MIOPOBOTO JABJICHNUS, KOTOPOE (pOpMUPYETCs BCIEICTBHE
PACIIMPEHUsS UINHIPUIECKON TTOJIOCTH B HACATU3HPO-
BaHHOM YIPYTOIUIaCTHYECKOM MaTepHuare:

Uercess = r s

IJle ¢, — HEIPEHUPOBaHHas IPOYHOCTh IPYHT; 7', — pa-
JINyC CBaM; '— PAacCMaTPUBACMOE PACCTOSIHUE; R — pajIiyc
00JIACTH MIACTHYCCKOTO Ae(OPMHUPOBAHUS TPYHTA,
3a MpezesiaMy KOTOPOil H30BITOYHOE TOPOBOE JIABIICHHE
He 00pasyeTcs 1 onpezensiercs o Gopmyse:

G

_.VO’
c

u

R= 2)

rae G — MOIyJb C/IBUTa TPYHTA.

W3 amanmsa Beipaxenuit (1) u (2) cnemyer, uto R
ABIISIETCS MCKOMBIM pajnycoM 30HbI BIustHHA. OnHa-
KO B TEKyIEH MOCTAHOBKE 3TO CIIPABEINBO TOJIBKO
JUTSL OMHOYHOM CBaM B/IaBIIMBAaHUSL.

Od4eBUIHO, YTO TIPH YCTPOHCTBE CBAWHOTO OIS
IUTACTHYECKNE 30HBI OTACIBHBIX CBAi MEPEKPBIBAIOT-
csl, @ N30BITOYHBIE TTOPOBBIC JABICHUS CYMMHPYIOTCH.
B cBs13u ¢ uem obacTh U3MEHEHHMS! HaIpsHKEHHO-1edop-
MHUPOBAaHHOTO COCTOSTHHS TPYHTa BOKPYT TPYIIIBI CBal
CYILIECTBEHHO OOJIBIIIE, YeM BOKPYT OIMHOYHOM.

st yueta 3TOro o0CTOSATENBCTBA MPEIaraeTcs
OJTHOPOJHOE CBAalfHOE TIOJIC TPEJICTABUTh B BHJE «IK-
BUBAJICHTHOH ITOJIOCTN», 00BbEM KOTOPOH paBeH 00beMy

923

9Z0Z ‘9 9NSS| "L Z 2Wnjo/ . 3In}08}IYdJy PUB UOI}ONIISUOD UO [BuInof AJYIUOI « NSSIN MIUISOA
920z ‘9 »oAuiag "Lz woL . (8UluQ) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 21. Beinyck 6, 2026
Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 21. Issue 6, 2026

P.A. MaHeywee, M.C. OpyuHuH

BBITECHSIEMOro rpyHTa. Pa3smep 3T0il 0b61acTu MOXKHO
YCTaHOBUTB TI0 CIEAYIOIEMY BBIPAKEHHIO:

v,
R — BBIT R 3
= G

rae V — 00beM BBITECHAEMOTO IpyHTa; H — miyOuHa
MOTPYKEHHS CBaM.

Beripaskenue (3) 1M03BOJISIET yUUTHIBATh MPE/IBapH-
TeNbHOE JIMJIEpHOE OypeHHe, KOTOpOe IIPUMEHSIETCS B Ka-
YeCTBE MIPEBCHTUBHOM MEpHI ISl yMCHBIICHHUS OABEMa
OKPY’KafoIIero TpyHTOBOTO MacCHBa.

Taxum 00pa3oM, paanyc 30HbI BIUSHHS OT MOTPYKe-

HUs TPYHIIbI cBait BAABJIMBAHUA MOXKHO OIPEACIUTD TaK:

4)

B oreuecTBeHHOI IPAaKTHKE HHKEHEPHO-Te0I0rHYe-
CKHX M3BICKAHUI IapaMeTp HEAPEHUPOBAHHOM POYHO-
CTH TPYHTA C,, IOIy4AEMBIH TI0 PE3YIBTATAM TPEXOCHBIX
UCTIBITAHNH, BBISIBIISCTCSI IOCTATOUHO pefiko. OTCyTCTBHE
B COCTaBE MCXOJHBIX JIAHHBIX PACCMaTpHUBaeMOro MoKa-
3aTelis 3aMETHO OIPaHMYMBAET BO3MOYKHOCTb HCIIOIb30-
BaHUs BeIpakeHns (4). Bmecte ¢ Tem umeercs psn 3a-
BHCHUMOCTEH ISl BOJOHACHIIICHHBIX ITIMHUCTHIX TPYHTOB
Canxkr-IleTepOypra, 1o KOTOPHIM MOXKHO OLICHUTH HEZlpe-
HHUPOBAHHYIO MPOYHOCTh, UMES CTAHIAPTHBIC XapaKTepH-
CTHUKH, MOJTy9IEHHBIC IO PE3YIBTATaM U3BICKAHUH.

K nx umciry OTHOCSTCS! KOPpPEJSIiY, YCTaHOBIICH-
Hble B padore M.A. Jlyukuna [22], cBs3bIBaoye co-
MIPOTHUBIICHUE HEIPEHUPOBAHHOMY CIIBUTY C JaHHBIMU
CTaTUYECKOTO 30HAMPOBAHUS (5) U MOKA3aTEeNAMH TIPH-
POIHOM BIAKHOCTH TpyHTA (6):

©)
(6)

re g, — J000BOE CONPOTUBIICHHE KOHYCA 30H/a; W —
TIPUPOJTHAS BIAKHOCTH TPyHTa, %o.

B paborax [23, 24] npemnoxena ciexytomas ¢op-
MyJia JJist BBIYUCICHUA He]lpeHI/IpOBaHHOﬁ IIPOYHOCTH:

c,=q/19;

¢ =1,6373 - e 12 MIla,

' 1— -1 Iy e ' ’. '
) oy 1-(a—1) X, sin (') +c"-cos(¢) o
C, = s
' 1+ (o —1)-sin(¢")
rie 6, — NpUPOJHbIE cpeHue dPPeKTHBHbIE HAMPS-

KCHHA B TPYHTE; 0. — KOI(PPHUIHEHT, YINTHIBAIOIIHA
0COOCHHOCTH 00pa30BaHMsI N30BITOUHBIX TOPOBBIX JIAB-
JIEHWH NpH JIEBHATOPHOM 3arpyxenun; K, — koad@u-
IIUEHT OOKOBOTO AaBJICHUS IPyHTa; @ u ¢ — 3 dek-
TUBHBIC YTOJI BHYTPEHHETO TPEHUS U CICTUICHHS TPYHTA.

o pesymsraTam HaTypHBIX HccnenoBanmii [ 18, 19, 25]
TIPH BHEJIPEHUH CBail C BEITECHEHWEM IPYHTa POCT U30bI-
TOYHBIX OPOBBIX I[aBJ'IeHI/Iﬁ MMPOUCXOAUT MPAKTUICCKU
MI'HOBEHHO. B COOTBETCTBHHU ¢ TPUHITUIIOM P HEKTHB-
HBIX HanpspkeHnit K. Tepuaru mpyu HEM3MEHHBIX MOTHBIX
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HarpsHDKECHUAX 3TO IPUBOAUT K OKBUBAJICHTHOMY CHUXKE-
HUIO 3(h(eKTUBHBIX HATIPSDKEHHUN B CKEJIETE TPyHTA!

6'=-u ()

excess”

Bo3nukatomias TakuM 00pa3oM pasrpyska rpyHTo-
BOT'O MAacCCHBa BBI3BIBACT €T0 YIPYTYIO Ae(hOopMalnIo, Xa-
PAKTEePU3YIOLIYIOCS MOIYJIEM IIOBTOPHOTO HArpyKCHUS

ur®

PacueTHyIo OLICHKY I10/(beMa OCHOBAHHS 5, IIPE/1-
JIaraeTcst OCYIICCTBISITH M3BECTHBIM METOIOM TOCIIOHHO-
ro cymmupoBanus B coorserctBuu ¢ CIT22.13330.2016,
IJie B KaUueCTBE MEpPbl N3MEHEHHMS! HAIPSDKEHHOTO COCTOSI-
HHUSI TPUHSATO U30BITOYHOE MIOPOBOE JaBIICHUE:

uaxc i h

n
Sl.f — B -ess i .

i

)

PE3VYJIBTATHBI HCCJIEJOBAHUA

Jiist OlIeHKN MPUMEHUMOCTH TTOJTyYeHHBIX BbIpa-
sxeHui (4) u (9), onpeeNronMX 30Hy BIUSHUS U TTOb-
€M TPyHTOBOTO OCHOBAHUS IPH MAaCCOBOM TOTPY>KEHUU
CBaif, BBIITOJTHEHO COTIOCTABJICHUE PE3YJIFTaTOB pacyeTa
C JaHHBIMHU I'€0TEXHUUECKOI0 MOHUTOPHHTA.

CrpounTenpHas MJONIaJKa PAcloNOKeHa B IIEH-
TpambHOM patione T. CaukT-IleTepOypra BONMM3N 3maHmiA
OKpY KAIOIEH 3aCTPONKH C JIEGHTOUYHBIMHU (DyHIaMEHTaMU
Ha €CTECTBEHHOM OCHOBAHUM.

[Morpy»eHue »ene300eTOHHBIX COCTABHBIX ITPU3Ma-
TUYECKUX CBail B KojmdecTBe 527 mrTyk ceuernem 0,35 x
% 0,35 M Ha ITyOnHY 24 M OCYIIECTBISIIOCH METOIOM CTa-
THYECKOTO BAABIMBaHUS. PaboTHI Mpon3BOaMIINCH TTOCTE
YCTPOWCTBA 3aMKHYTOIO KOHTYpa OTpaskACHHs KOTIIOBaHA
JuinHOH 16 M. IpunsTas TexHONOrUs NpeaycMaTpuBaia
MOCIIEIOBATENIHOE TIepEeMEIIeHIEe CBAaeBIaBIMBAIOIICH
YCTaHOBKH OT I'PaHMIL] K LIEHTPY IISTHA 3aCTPOMKHU. Me-
PONPUATHS TI0 MIPEABAPUTEILHOMY PBIXJICHUIO IPYHTA
WITH JTUJIEPHOMY OypEHHIO HE TIPOBOJIHIINCE.

VHKeHepHO-Te0JI0THIECKHIE YCIOBHS XapaKTEePHBI
JUI PacCMaTpUBAEMOro pailoHa CTPOUTENIBLCTBA U MPeJ-
CTaBJIeHbI B Ta0M. 1. YpOBEHb IPYHTOBBIX BOJ 3a(hDUKCH-
poBan Ha mryounnax 2,0—3,0 M OT THEBHOM MOBEPXHOCTH.

[To pesynpraTaM reoTEeXHHYECKOTO MOHUTOPHHTA
TIOABEM OKPYXKAFOIIeH 3aCTPOHKH 3aUKCHPOBAH Ha Be-
anauHy 10 17 MM. 30Ha BIMSHUS pacrpoCTpaHsIeTcs
Ha paccrosiaue 10 44,8 M, uto B 1,87 pa3 Gonblre rimy-
OuHBI orpy>KeHust cBail. O0nacTh HAOIIONEHNS OTPaHU-
YeHa reoIe3NYECKUMH MapKaMu, TI03TOMY (akTHYECKHi
pasMep paanyca BO3ACHCTBUS MOXKET OBITH OOJIBIIIE.

[TpuHATHI ClIeyIOIIE pacYeTHBIC JOIMYIICHHS:

1. M30pITOYHOE TIOPOBOE JABICHUE BO3HHUKACT
TOJIBKO B CIIA00(MIBTPYIOMINX BOJOHACHIIIEHHBIX TITH-
HUCTBIX IPYHTaxX. B mecuaHbIX U HACBITHBIX TPYHTAX OHO
PaBHO HYIIIO.

2. B ciydae ycTpoiicTBa orpaxaeHus KOTJI0BaHa
OHO OTPAaHUYUBAET BO3MOXHOCTh BO3HUKHOBEHUS M3-
OBITOYHOTO TTOPOBOTO NABICHUS C BHEHIHEH CTOPOHBI
U JI0 CBOEH HIKHEH OTMETKH, HO HE HCKJIIOYAET €To
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Taou. 1. IHKeHepHO-TeoNoruuecKue yCaoBus MIOMAAKH CTPOUTEIbCTBA
Table 1. Engineering-Geological Conditions of the Construction Site
HanmenoBanue rpynra Momumocts | & 3 = < =
o . = c &
Oz Soil Type cnost Z E‘) & % = % §
= B H M 4 O\Q o f ~ ~ ~ ~
o > ’ by 2 S slE] B S s N
g 3 Layer 2 | & =g = = S = E
o = Thicknes jast e Mﬁ P = -
=z ickness o g ! < N &
« H, m S s Nl et O
| Hacmnﬂme IPYHTBI 25 B
Fill ground
Iecku nblIeBaTHIC PHIXJIBIC,
2 HAaCBIIIEHHBIE BOIOM 0,7 18,7 32 - 241 7 9 - 3,5 | 1835,6 | 0,5933
Saturated loose silty sand
Ilecku Menkue cpenHel MIOTHOCTH,
3 HACBIIIICHHBIE BOIOM 32 19.4| 26 - 36| 5 [22] - 8,5 |6550,0 (10,4122
Saturated medium density fine sand
CyIIIMHKY JIETKHE TbLJIeBaThIe
4 TEKy4erIacTHYHbIe 5,3 19,1129 093 | 10| 10 | 7 | 122 2,6 | 9454 | 0,8264
Soft to firm sandy silty clay
CyIIIMHKY TSDKEITBIC TIBLICBATHIC
TEKy4He JICHTOYHbIE
5 Very soft, varved (laminated) fat 4,8 18,0 | 40 1 71 8 | 613222 836,2 |0,8781
silty clay
CyIIIMHKY JIETKHE TIbLJIEBATHIC
6 TEKy4eIUIaCTUYHbIE CJIOUCThIE 2,2 19,01 30 | 0,88 | 10| 11 | 8 | 16,5] 2,9 | 1240,0 | 0,8264
Soft laminated lean silty clay
CyIIIMHKY JIETKHE TIbLJIEBATHIE
7 TYroIJIaCTUYHbIE 5,6 20,3122 | 0,32 | 27| 33 |18]35,2| 6,6 |2480,0|0,5460
Stiff lean silty clay
g | Cymecn NBUICBATEIE ILIACTHHEIC 3,0 21,4| 16 | 0,12 [ 30| 44 [24|54,1| 89 | 4827,1|0,5000
Sandy silt, plastic/plastic silty sand
g | [omubl MbLICBATLIC TEEpLbIE 53 20,8( 20 [ 0,31 |24 | 93 | 25606 | 10,0 | 56800 | 0,5933
Very stiff silty clay
Jo |[Jmuibl MbLICBATLIC TEEpbIE 74 21416 | 0,57 25| 127 [31] 794 | 124| - |05774
Very stiff silty clay

TabJ1. 2. Pe3ynsraTsl pacdeTa M0 ONPEAENCHUIO Payca BIUSHNS U ITOJbeMa TPYHTOBOTO MacCHBa

Table 2. Calculation results for determining the radius of influence and the rise of the soil mass

Homep OTMmeTKa B cooTrBercTBUM B coorBercTBIM B coorBercTBUM
urn [TOJIOIIBBI, M ¢ BBIpakeHHEM (5) ¢ BeIpakeHHeM (6) ¢ BeIpaxkeHHeM (7)
Soil Base Layer According to (5) According to (6) According to (6)
Layer No | Elevation, m 5= 5~ 5=
sl Elelai|l e Ele|afl ] B e |al
= = | £ |&a| = = | £ |&g| = = | < |Q¢
s = S| Vo= = S | I = S | .
Tl E RN RS R B 2R |22
] a B 2 = ] a B 2 - = a = = =
© " 3 = = © ” 3 = = © 5 S 2 =
= = =
1 2,5 - - - - - - - - -
2 3,2 - - - - -
3 6,4 - - - - - - - - -
4 11,7 49.8 - 5,6 47,6 - 5,6 20,0 - 11,4
5 16,5 44,0 | 32,0 | 8,6 12,4 | 60,1 | 18,1 24,4 | 43,0 | 19,2
+6,1 +9,7 +13,2
6 18,7 65,3 | 30,3 | 5.8 42,1 | 37,7 | 22,2 33,9 | 42,1 | 25,2
7 243 130,5| 32,2 | 27,0 111,8 | 34,7 | 404 95,4 | 37,6 | 49,6
8 27,3 — - - - - — - -
9 32,6 - - - - - - - - -
10 40 - - - - - - - - -
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Puc. 1. CHTyauHOHHbIﬁ IUIaH € pe3yJibTaTaMU I'€OTEXHUYCCKOIO MOHUTOPHHI'A U PACUCTHBIMU 30HAMU BJIMSIHUS: 3€JICHBIM LIBE-

TOM OTMEUEHBI PACUETHI C YUETOM 3aBUCUMOCTH (5); CHHUM LIBETOM — PAaCcyeThl C y4ETOM 3aBUCUMOCTH (7); KpaCHBIM LIBETOM —

pacyeTsl C y4eToM 3aBUCHUMOCTH (6)

Fig. 1. Situational plan with geotechnical monitoring results and design influence zones: green color — calculations based

on relationship (5); blue color — calculations based on relationship (7); red color — calculations based on relationship (6)

noIHOCTHIO. MccnenoBanws [26, 27] mokazand, 9To gaxe
MIPU YCTPOHCTBE MPOTHUBODUIBTPAITMOHHON 3aBECHI
3a Hell pukcupyeTcs H30BITOUHOE TOPOBOE JABJICHHUE.
B cBs3u ¢ aTUM IIpH BBIYMUCIICHUU OXKUIAEMOT0 IMoAbEMa
napameTp He OOHYJISUICS, a 3aKJaJbIBajcs Ha YPOBHE
50 % ot pe3ynbrara, HOITy4YEeHHOTO IO BhIpakeHHIo (1).
Pantryc 30HbI BAMSTHUS 17151 TAaKOW 00JIACTH NpejyiaraeTcst
HE ONPE/EIISATh.

3. M30bITOYHOE [TOPOBOE JABICHNE PACIIPOCTPAHSI-
€TCSI TOJIEKO B TOPH30HTAJIBHOM HAIIPABJICHUH U HE BO3-
HUKAeT HIKE OTMETKH BIIABITUBAHUSI CBA.

4. B mpenenax oqHOTO HHKCHEPHO-TEOJIOTTIECKO-
TO AIIEMEHTa H30BITOYHOE TIOPOBOE JTABJICHHE ITOCTOSTHHO
10 TITyOHHE. DTO SBISIETCS CIEICTBHEM BhIpaskeHus (1).
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ITonoxkenre >KBUBAJIEHTHOH IMOJIOCTH COBIANAET
C TEOMETPHYECKUM LIEHTPOM T'PYIIIBI CBal M B COOTBET-
CTBMU C BeIpaxkeHHEeM (3) paBHSAETCA:

527-0,35% -24 _
n-24

4.5m

C 11enb10 HAISITHOCTH PE3YJIbTaThl PACUETOB IO BbI-
paxenusim (1), (4) u (9) npencrapieHsl B Ta0M. 2 11 pas-
HBIX KOPPEJSIIMOHHBIX 3aBHCUMOCTEH, NCIOIb3yeMbIX
TIPH OTIpeIeTICHIN HeIPCHUPOBAHHOMN IPOYHOCTH TPYHTA.

JI1s1 Ka)J10T0 pacueTHOro Cilyydast Ha CUTyallHOHHOM
miane (puc. 1) mpuBeeHbl MaKCUMabHbIE pACUETHBIC
30HBI BIUSHUS. Hammydiee coOTBETCTBHE TaHHBIM Ha-
TYPHBIX HAOTFOICHUH B PaCCMaTPHUBACMBIX YCIOBHSIX TPO-
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Puc. 2. 31'[IOpI)I pacrpeaciicHus HU30BITOYHOTO IOPOBOI0 AaBJICHUSA, paCCHUTAHHBIC C UCIIOJIb30BAHUEM HeZ[peHI/IpOBaHHOI‘/‘I

MPOYHOCTH TPYHTA 10 3aBUCHMOCTH (7)

Fig. 2. Distribution diagrams of excess pore pressure calculated using the undrained shear strength of soil according to the cor-

relation (7)

JIEMOHCTPUPOBAJIa KOPPEISAIIMOHHAS 3aBUCUMOCTD (7),
CBSI3BIBAIOIAS] HEAPEHUPOBAHHYIO IIPOYHOCTD C MPH-
POIHON BIaXKHOCTBIO.

J171s1 OLIEHKH 0XKMIaeMOTO TTOJbeMa OKpPYXKaromeh
3acTpOHKM ObLTa BEIOpaHa TOYKA, COOTBETCTBYIOINAS
reojie3nueckod mapke 2.7 u Haxojsduelcs Ha pac-
cTostHUU 29,5 M OT LEHTpa YKBUBAJICHTHOM MOJIOCTH.
[To pe3ynpraTaM MOHUTOPHHIa MaKCHMaJIbHAasl 3a(HK-
cupoBaHHas Jedopmarliyst 1o Hel cocraBuiaa +13 M,
YTO MPAKTUYECKH MOJHOCTHIO COBITANIO C IIPOrHO3UpYe-
MBIM 3HaueHHEM +13,2 MM, onpeieieHHBIM 110 popMy-
e (9), uconb3yst 3aBUCUMOCTB [T HEPEHUPOBAHHON
npouHocty TpyHTa (7).

[puBeneHHbIe HA PHC. 2 ATIOPBI H30BITOYHOTO OPO-
BOTO JIaBJICHNS], BBIYHCIICHHBIC B COOTBETCTBUH C BhIpaXKe-
HueM (1), AeMOHCTPUPYIOT CIIEIYIOLIYI0 3aKOHOMEPHOCT!
YBEJIMYEHHE TPOYHOCTH IIMHHUCTBIX TPYHTOB COTIPOBOXKIa-
€TCsI KaK POCTOM a0COJIFOTHBIX 3HAUCHUI JABIICHUS, TaK
U TOBBIIICHUEM CKOPOCTH €TI0 3aTyXaHHsl C PACCTOSIHUEM.
ITpu 3TOM JUIs1 MEHEE MPOUHBIX TPYHTOB XapaKTEPHO yBe-
JIMYEHHE PaJiiyca 30HbI BO3MOXKHOTO BO3/ICHCTBYSL

3AKJTIOYEHUE U OBCYXJIEHUE

[Ipennaraemas METOIIIKA OIICHKH PaINyca BIMSHAS
1 BO3MOKHOTO TIO[TheMa OKPYKAFOIIEeT0 TPYHTOBOTO Mac-

CHBa OT MOTPYXKEHUsI BIABIMBAEMbIX CBail ¢ MHKEHEP-
HOM TOYHOCTBIO TIOKa3alia XOPOIIyI0 CXOAUMOCTh C Ha-
TYPHBIMH HAOJIOJICHUSMH Ha CTPOUTEIBHON IIIOIIAIKE
B I. Cankr-IletepOypre.

[puHSTBIC pacUeTHBIC JOMYIIEHHUS TIO3BOJISIOT IIPH-
MEHSITh JTAHHBIA MOIXO/] TOJIBKO B Ka4eCTBE MPEIBAPH-
TCJIBHOI'O aHalin3a, TaK KaK HE YYUTBIBACTCA BCA CJIOXK-
HOCTb U MHOTO()AKTOPHOCTh PACCMATPUBAEMOI 3a1auH.
JIyist naipHEHINero YTOuHeHHs IPOrHO3a PEKOMEH/TYCTC S
UCIIONIb30BaTh YMCIICHHOE MOJICITMPOBAHHE.

TockomnbKy MoydaeMble pe3yabTaThbl CYIIeCTBEHHO
3aBUCAT OT XapaKTEPUCTUK HEIPECHUPOBAHHOMN MPOYHO-
CTU I'PYHTA, B pacue€Tax CJICAYCT NPUHHUMATDL MMOKA3aTCIIN,
TMOJIYYEHHBIE B XOJI€ MPSIMBIX TPEXOCHBIX JIA00OPATOPHBIX
ucnbITannil. [Ipyu MCIIOTB30BaHUH PETHOHAIBHBIX KOP-
PEJIALMOHHBIX 3aBUCUMOCTEH PEKOMEH/1yeTCsl BBIOMPATh
BEIIMYMHBI, 00ECIIEUMBAIOIIHE PACYET C 3aI1acoM.

CormacHO TEOPETUUECKOMY PEIICHHIO, pa3Mep BO3-
MOKHOM 30HBI BIHSIHUSL OyJICT OOJIBIIIC JIJIS TPYHTOB C 00-
Jiee HU3KUM T10Ka3aTesieM COIPOTUBIICHUS HEJJPEHUPO-

BaHHOMY CIIBUTY.

927

9Z0Z ‘9 9NSS| "L Z 2Wnjo/ . 3In}08}IYdJy PUB UOI}ONIISUOD UO [BuInof AJYIUOI « NSSIN MIUISOA
920z ‘9 »oAuiag "Lz woL . (8UluQ) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 21. Beinyck 6, 2026

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 21. Issue 6, 2026

P.A. MaHeywee, M.C. OpyuHuH

CIIMCOK UCTOYHHUKOB

1. Janmamos Bb.1., Jlanwun @.K., Poccuxun FO.B.
[TpoexTnpoBanne CBaHBIX (YHAAMEHTOB B YCIOBHSIX
cnabeix rpynToB. JI. : Crpoituzaar, 1975. 240 c.

2. Maneywes P.A. T'eorexunka Cankt-IlerepOypra.
M. : U3n-Bo ACB, 2010. 259 c. EDN QNPABT.

3. Maneywee P.A., Ocoxun A.U., Ycmanos P.A.
VCTpoicTBO U PEKOHCTPYKITHS OCHOBAHUH U (hyHIaMEH-
TOB Ha CJIa0BIX M CTPYKTYPHO-HEYCTOWYMBBIX TPYHTAX :
monorpaguwus. CII0. : Jlans, 2018. 460 c. EDN WAKCQP.

4. Maneywes P.A., 3namencxuii B.B., ['omman A.JL,
Ilonomapes A.b. Cau u cBaituble ¢pyHmamenTsl. Kon-
CTPYKIIMH, IPOCKTUPOBAHUE U TeXHOmoruu. M. : 31-Bo
ACB, 2021. 311 c.

5. Taioo A.H. TlyTn cCOBEpIICHCTBOBAHHS TEXHO-
JIOTUYECKNX PEIIeHUH yCTPOHCTBa CBAHBIX (DyHAaMEH-
TOB JKHMJIBIX 3/IaHUH B YCIIOBUSIX TOPOJICKON 3aCTPOIKH //
Kumumnaoe crpoutensctBo. 2015. Ne 9. C. 12-15. EDN
VCLZNH.

6. FOwybe C.B., Cyauma B.A., Tapacos A.A. Dxc-
[IEPUMEHTAIIbHBIE UCCIICI0BAaHUs B3aUMOACHCTBUS CBail
C BOJJOHACHIIIEHHBIM TJIMHUCTBIM I'PYHTOM TIPH X T10-
Tpy’KeHHH BaBinBaHueM // BectHuk Tomckoro rocyaap-
CTBEHHOT0 apXUTEKTYPHO-CTPOUTEILHOTO YHHUBEPCUTETA.
2016. Ne 3 (56). C. 179-185. EDN WAGNRL.

7. Omemvuenko I1.H., Cyxo0y6 A.B., Bunnuxos FO.J1.
Hecymast ciocoOHOCTH BJIaBIICHHBIX IPU3MAaTHIECKUX
cBaii B BOJJOHACHIIIICHHBIX TIIMHUCTBIX TpyHTax // Mexa-
HuKa 1 TexHosorun. 2016. Ne 3 (53). C. 99-107. EDN
WZVQKEF.

8. I'atioo A.H. Metonnka pa3pabOTKH MPOEKTOB
MIPOM3BOICTBA PAabOT HA YCTPOMCTBO CBAHBIX (yHIa-
MEHTOB B YCIIOBHSIX TOPOJICKOH 3acTpoiiku // NmxeHep-
HbIl BecTHHK [loHa. 2023. Ne 10 (106). C. 399-414. EDN
ELXIBB.

9. Apyorcunun M.C. AHanm3 BAUSHIS TOTPYKESHUSI
3aBOJICKHUX JKEJIe300€TOHHBIX CBai HA OCHOBAHHS OKPYKa-
Io1IeH 3acTpoiiKky // BeCTHHK Ipa)kJaHCKUX MHKEHEPOB.
2025. Ne 3 (110). C. 84-98. DOI: 10.23968/1999-5571-
2025-22-3-84-98. EDN MVMWLA.

10. Vauyxkuii B.M., Hlawxun A.I". T'eoTexHuyeckoe
000CHOBaHHE CIIOKHBIX TEXHOJOTHI PEKOHCTPYKIMU
1 HOBOTO CTpouTeNhcTBa // OCHOBaHMSA, (PyHAaMEHTHI
u MexaHuka rpyHToB. 1997. Ne 3. C. 3—-8. EDN ZJWHBZ.

11. [Jlenucosa O.O. BnusHue paboT 1O BBIMOJIHE-
HUIO CBall BIABIMBAHUS M YCTPONCTBY TITyOWHHOI pac-
MOpHOH radparMsl HA AOTOIHUTENbHBIE fedopmanyn
3MAHUN OKpY KaroIlie 3acTpoiiku // BecTHUK rpaxiaH-
ckux umkeHepos. 2023. Ne 5 (100). C. 52-63. DOI: 10.
23968/1999-5571-2023-20-5-52-63. EDN ZIELVQ.

12. Yang Y., Lei J., Deng D., Zou Y. Laboratory
model test and analysis of excess pore water pressure dis-
sipation of pile driven by tapered — perforated tubular

928

pipe pile // IOP Conference Series: Earth and Environ-
mental Science. 2021. Vol. 692. Issue 4. P. 042112. DOI:
10.1088/1755-1315/692/4/042112. EDN WSDWED.

13. Maneywee P.A., bospunyes A.B., 3yee U.H.,
Kamaes U.C. Dpdext BO3ACHCTBUS H3TOTOBICHHUS CBA
«®DyHzeKc» Ha paHee BBINOJHEHHBIC KOHCTPYKINH //
Kunuinoe crpoutensctBo. 2021. Ne 9. C. 28-35. DOL:
10.31659/0044-4472-2021-9-28-35. EDN KKNVVO.

14. Baxonoun Bb.B., bBeccmepmuviti A.B., Acmpe-
606 [1.1. ViccnenoBanue MpUpo/Ibl yBEITMYCHHST HECYIIeH
CIIOCOOHOCTH CBaH, OTPY’KEHHBIX B TIIMHUACTBIC TPYHTHI //
OcHoBanwst, pyHIaMEHTBI M MeXxaHHuKa rpyHToB. 2017. No 2.
C.18-21. EDN ZBHHYP.

15. Jackson A. et al. Pore pressure effects in sand
and silt during pile jacking // Foundations — Proceedings
of the 2nd BGA International Conference on Foundations
(ICOF). 2008. Pp. 575-586.

16. Jarushi F., Cosentino P., Kalajian E., Dekhn H.
CPT Pore water pressure correlations with PDA to iden-
tify pile drivability problem // International Journal of
Environmental, Ecological, Geological and Geophysical
Engineering. 2015. Vol. 9. Issue 2. Pp. 55-61.

17. Arafianto A., Rahardjo P. Prediction of excess
pore pressure due to pile driving based on CPTu // 20th
SEAGC — 3rd AGSSEA Conference in conjunction with
22nd Annual Indonesian National Conference on Geo-
technical Engineering. 2018. Pp. 607-610. DOI: 10.5281/
zenodo.10466021

18. Wang Y., Liu X., Zhang M., Yang S., Sang S.
Field test of excess pore water pressure at pile—soil inter-
face caused by PHC pipe pile penetration based on silicon
piezoresistive sensor // Sensors. 2020. Vol. 20. Issue 10.
P. 2829. DOI: 10.3390/s20102829. EDN YTQSPF.

19. Pestana J.M., Hunt C.E., Bray J.D. Soil defor-
mation and excess pore pressure field around a closed-
ended pile // Journal of Geotechnical and Geoenviron-
mental Engineering. 2002. Vol. 128. Issue 1. Pp. 1-12.
DOI: 10.1061/(asce)1090-0241(2002)128:1(1)

20. Tsegaye A.B. Pore pressure dissipation around
driven piles and cone penetration tests-analytical solu-
tions and a simplified approach using the Gauss’ diver-
gence theorem // The Proceedings of the 6th International
Conference on Geotechnical and Geophysical Site Char-
acterization (ISC2020). 2020. Pp. 1-8.

21. Randolph M.F., Wroth C.P. An analytical solu-
tion for the consolidation around a driven pile // Interna-
tional Journal for Numerical and Analytical Methods in
Geomechanics. 1979. Vol. 3. Issue 3. Pp. 217-229. DOLI:
10.1002/nag.1610030302

22. Jlyukun M.A. Yuer pa3Butus AepopMaliu oc-
HOBaHUsI BO BPEMEHH TP COBMECTHOM PAcyeTe CUCTEMBI



MeToAnKa yueTa BAUSIHUS BAGBAUBAHUS MPU3MaTUHECKMX JKene3006EeTOHHbIX CBak

C. 922-930

Ha Hanps)XeHHO-AepOPMUPOBAHHOE COCTOSIHUE MPYHTOBOIrO0 OCHOBaHMS

«oCHOBaHME — (DYHJIAMEHT — 371aHue» : aBroped. aucc. ...
kau. TexH. HayK. CII6., 2007. 18 c. EDN NIQMPP.

23. Maneywes P.A., /Joaxonos U.I1., bawmakos U.B.,
Ilackauesa J[.A., Kpasuenxo I1.A. Bnusaue mexanus-
Ma yMPOYHEHUs Ha Pe3yNbTaThl pacueTa OrpaXkIeHUN
koTioBaHa B ycinoBusx Cankr-Ilerepoypra // Ctpo-
UTENbCTBO: Hayka U oOpaszoBanue. 2025. T. 15. Ne 1.
C. 59-70. DOI: 10.22227/2305-5502.2025.1.6. EDN
ZDCDLR.

24. Bawmakos HU.b. Bnusiaue Bo3aelCTBUS Cia-
OBIX BOJOHACHIIICHHBIX MHUIEBATO-TIIMHUCTHIX TPYHTOB
Ha OTPaK/ICHUS KOTJIOBAHOB C YUCTOM H30BITOUHBIX ITOPO-
BBIX JIABJICHUIA : JTHICC. ... KaH[l. TexHundeckux Hayk. CII0.,
2025. 174 c.

Tocmynuna 6 pedaxyuro 10 mapma 2026 e.
Ipunama é oopabomarnnom eude 21 mas 2026 e.
Ooobpena ona nyoruxayuu 21 mas 2026 e.

25. Burns S.E., Mayne P.W. Pore Pressure Dissipa-
tion Behavior Surrounding Driven Piles and Cone Pen-
etrometers // Transportation Research Record: Journal
of the Transportation Research Board. 1999. Vol. 1675.
Issue 1. Pp. 17-23. DOI: 10.3141/1675-03

26. [pyoicunun M.C. BnusiHue CTaTUUECKOTO BJIaB-
JIMBaHUsI CBall Ha HANpPsLKEHHO-Je(hOPMUPOBAHHOE CO-
CTOSIHHE TPYHTOBOT'O OCHOBAHHS CYIIECTBYIOIINX 37a-
HHH: pe3yJIbTaThl HATypPHOTO KPYITHOMACIITaOHOTO 9KC-
nepuMenTa // BecTHHK rpaxkaaHcKuX HHKeHepoB. 2026.
Ne 2 (115). C. 60-70.

27. Hpyorcunun M.C. YucneHHOE MOJIETUPOBaHHE
mpolecca MacCOBOro BAaBIMBaHus cBai // [TpoMbIiinieH-
HOE ¥ TPa’KIAaHCKOE CTPOUTENBCTBO. 2026. Ne 4. C. 42-49.

Op ABTOPAX: Pamma AdayiainoBuy MaHryueB — JOKTOP TEXHHYECKHX HayK, Ipodeccop, TUPEKTOp HAYYHOTO
U TIPOU3BOJICTBEHHO-KOHCAJITHHIOBOIO LIEHTpa reotexHonoruii (moapasnenenue); Caukr-Ilerepdyprekuii rocynap-
CTBEHHBII apXuUTeKTYpHO-cTpouTeabHblil yHuBepeuteT (CIIGIACY); 190005, r. Cankr-IletepOypr, 2-s1 Kpacuo-
apmeiickas yi., 1. 4; SPIN-kox: 5122-4105, Scopus: 6602448617, ResearcherID: A-6752-2017, ORCID:
0009-0002-2924-5960; geotechnica@spbgasu.ru, ramangushev@yandex.ru;

Muxauna Cepreesuy Jpy:xuHun — acniupant, umwkenep; Cankr-IlerepOyprekuii rocyiapcTBeHHbIH apXu-
TeKTypHO-cTpouTenbHblii yuusepcuret (CIIGIACY); 190005, . Canxkr-IlerepOypr, 2-1 KpacHoapmeiickas yi., 1. 4;
SPIN-kox: 7747-3391, ResearcherID: OOK-7995-2025, ORCID: 0009-0004-7478-6090; rector@spbgasu.ru, dms95@
mail.ru.

Brnao asmopog: éce agmopul coenanu sK6UBANIEHMHBII 6KAAO 8 HOO20MOBKY NYONUKAYUU.
Asmopet 3a561510m 06 OMCYMCMEUY KOHQIUKMA UHIMEPECOS.

REFERENCES

1. Dalmatoff B.I., Lapshin F.K., Rossikhin Yu.V.
Design of pile foundations in weak soil conditions. Lenin-
grad, Stroyizdat, 1975; 240. (rus.).

2. Mangushev R.A. Geotechnics of St. Peters-
burg. Moscow, ASV Publishing House, 2010; 259. EDN
QNPABT. (rus.).

3. Mangushev R.A., Osokin A.I., Usmanov R.A.
Construction and reconstruction of bases and foundations
on weak and structurally unstable soils : monograph. St.
Petersburg, Lan’, 2018; 456. EDN WAKCQP. (tus.).

4. Mangushev R.A., Znamensky V.V., Gotman A.L.,
Ponomarev A.B. Piles and pile foundations. Structures,
design and technologies. Moscow, ASV Publishing
House, 2021; 311. (rus.).

5. Gaydo A.N. Ways of improving technological
solutions of construction of pile foundations of residential
buildings under conditions of urban development. Hous-
ing Construction. 2015; 9:12-15. EDN VCLZNH. (rus.).

6. Yushchube S.V., Sulima V.A., Tarasov A.A. Expe-
rimental research of pile interaction in water-deposited clay
soil during indentation. Journal of Construction and Ar-
chitecture. 2016; 3(56):179-185. EDN WAGNRL. (rus.).

7. Omelchenko P.N., Sukhodub A.V., Vynnykov Yu.L.
Bearing capacity of jacked prismatic piles in saturated clay
soils. Mechanics and Technologies. 2016; 3(53):99-107.
EDN WZVQKEF. (rus.).

8. Gaido A.N. Methodology for the development
of projects for the construction of pile foundations in
urban development. Engineering journal of Don. 2023;
10(106):399-414. EDN ELXIBB. (rus.).

9. Druzhinin M.S. Analysis of the impact of submer-
sion of factory reinforced concrete piles on the foundations
of the adjacent development. Bulletin of Civil Engineers.
2025; 3(110):84-98. DOI: 10.23968/1999-5571-2025-
22-3-84-98. EDN MVMWLA. (tus.).

10. Ulitskii V.M., Shashkin A.G. Geotechnical basis
of complex procedures for reconstruction and new con-
struction. Soil Mechanics and Foundation Engineering.
1997; 3:3-8. EDN ZJWHBZ. (rus.).

11. Denisova O.O. The influence of indentation
piles and deep spacer diaphragm on additional deforma-
tions of the surrounding buildings. Bulletin of Civil En-
gineers. 2023; 5(100):52-63. DOI: 10.23968/1999-5571-
2023-20-5-52-63. EDN ZIELVQ. (rus.).

929

9Z0Z ‘9 9NSS| "L Z 2Wnjo/ . 3In}08}IYdJy PUB UOI}ONIISUOD UO [BuInof AJYIUOI « NSSIN MIUISOA
920z ‘9 »oAuiag "Lz woL . (8UluQ) 0099-70SZ NSSI (1uld) GE60-2661 NSSI » ADJIN d¥MHLODg



BectHuk MI'CY - ISSN 1997-0935 (Print) ISSN 2304-6600 (Online) « Tom 21. Beinyck 6, 2026

Vestnik MGSU - Monthly Journal on Construction and Architecture « Volume 21. Issue 6, 2026

P.A. MaHeywee, M.C. OpyuHuH

12. Yang Y., Lei J., Deng D., Zou Y. Laboratory
model test and analysis of excess pore water pressure dis-
sipation of pile driven by tapered — perforated tubular
pipe pile. IOP Conference Series: Earth and Environmen-
tal Science. 2021; 692(4):042112. DOI: 10.1088/1755-
1315/692/4/042112. EDN WSDWED.

13. Mangushev R.A., Boyarintsev A.V., Zuev L1,
Kamaev I.S. Effect of the impact of making “Fundex”
piles on previously completed structures. Housing Con-
struction. 2021; 9:28-35. DOI: 10.31659/0044-4472-202
1-9-28-35. EDN KKNVVO. (rus.).

14. Bakholdin B.V., Bessmertny A.V., Yastre-bov P.1.
Increased bearing capacity of piles driven in clay. Soil
Mechanics and Foundation Engineering. 2017; 2:18-21.
EDN ZBHHYP. (rus.).

15. Jackson A. et al. Pore pressure effects in sand
and silt during pile jacking. Foundations — Proceedings
of the 2nd BGA International Conference on Foundations
(ICOF). 2008; 575-586.

16. Jarushi F., Cosentino P., Kalajian E., Dekhn H.
CPT Pore water pressure correlations with PDA to iden-
tify pile drivability problem. International Journal of En-
vironmental, Ecological, Geological and Geophysical
Engineering. 2015; 9(2):55-61.

17. Arafianto A., Rahardjo P. Prediction of excess
pore pressure due to pile driving based on CPTu. 20th
SEAGC — 3rd AGSSEA Conference in conjunction with
22nd Annual Indonesian National Conference on Geo-
technical Engineering. 2018; 607-610. DOI: 10.5281/
zenodo.10466021

18. Wang Y., Liu X., Zhang M., Yang S., Sang S.
Field test of excess pore water pressure at pile—soil inter-
face caused by PHC pipe pile penetration based on silicon
piezoresistive sensor. Sensors. 2020; 20(10):2829. DOI:
10.3390/s20102829. EDN YTQSPF.

19. Pestana J.M., Hunt C.E., Bray J.D. Soil defor-
mation and excess pore pressure field around a closed-
ended pile. Journal of Geotechnical and Geoenviron-

Received March 10, 2026.
Adopted in revised form on May 21, 2026.
Approved for publication on May 21, 2026.

mental Engineering. 2002; 128(1):1-12. DOI: 10.1061/
(asce)1090-0241(2002)128:1(1)

20. Tsegaye A.B. Pore pressure dissipation around
driven piles and cone penetration tests-analytical solu-
tions and a simplified approach using the Gauss’ diver-
gence theorem. The Proceedings of the 6th International
Conference on Geotechnical and Geophysical Site Char-
acterization (ISC2020). 2020; 1-8.

21. Randolph M.F., Wroth C.P. An analytical so-
lution for the consolidation around a driven pile. Inter-
national Journal for Numerical and Analytical Methods
in Geomechanics. 1979; 3(3):217-229. DOI: 10.1002/
nag.1610030302

22. Luchkin M.A. Accounting for the development
of foundation deformations over time in the combined
calculation of the “‘foundation — foundation — building”’
system. St. Petersburg, 2007; 18. EDN NIQMPP. (rus.).

23. Mangushev R.A., Diakonov I.P., Bashmakov L.B.,
Paskacheva D.A., Kravchenko P.A. The influence
of the hardening mechanism on the results of the calcula-
tion of pit fences in the conditions of St. Petersburg. Con-
struction: Science and Education. 2025; 15(1):59-70. DOLI:
10.22227/2305-5502.2025.1.6. EDN ZDCDLR. (rus.).

24. Bashmakov I.B. Influence of weak water-satu-
rated silty-clay soils on excavation walls accounting for
excess pore pressures. St. Petersburg, 2025; 174. (rus.).

25. Burns S.E., Mayne P.W. Pore Pressure Dissipa-
tion Behavior Surrounding Driven Piles and Cone Pen-
etrometers. Transportation Research Record: Journal
of the Transportation Research Board. 1999; 1675(1):
17-23. DOI: 10.3141/1675-03

26. Druzhinin M.S. Influence of static pile press-
ing on the stress-strain state of the soil base of existing
buildings: results of a full-scale large-scale experiment.
Bulletin of Civil Engineers. 2026; 2(115):60-70. (rus.).

27. Druzhinin M.S. Numerical modeling of the pro-
cess of mass pile pressing. Industrial and Civil Engineer-
ing. 2026; 4:42-49. (rus.).

BroNoTEs: Rashid A. Mangushev — Doctor of Engineering Sciences, Professor, Director of the Geotechnology

Science and Production Consulting Center (subdivision); Saint Petersburg State University of Architecture and Civil
Engineering (SPbGASU); build. 4, 2nd Krasnoarmeyskaya st., St. Petersburg, 190005, Russian Federation; SPIN-code:
5122-4105, Scopus: 6602448617, ResearcherID: A-6752-2017, ORCID: 0009-0002-2924-5960; geotechnica@spbgasu.

ru, ramangushev@yandex.ru;

Mikhail S. Druzhinin — postgraduate student, engineer; Saint Petersburg State University of Architecture
and Civil Engineering (SPbGASU); build. 4, 2nd Krasnoarmeyskaya st., St. Petersburg, 190005, Russian Federation;
SPIN-code: 7747-3391, ResearcherID: OOK-7995-2025, ORCID: 0009-0004-7478-6090; rector@spbgasu.ru, dms95@

mail.ru.

Contribution of the authors: all authors made an equivalent contribution to the preparation of the publication.

The authors declare that there is no conflict of interest.

930



