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AxkmyanbHocmb uccriedogaHus 3akioYaemcs 8 npobneme pacyema Hecywiell cnocobHOCMU 8UHMOBbIX C8aliHbiX hyHOameHmos 8
YCI08USIX PacnpoOCMPaHEHUs KpUOUMO30HbI Npu 8030elicmeuu cmamu4ecKux 8bidepausarowux u goasnusalowux Haepy3ok. CealiHo-
8UHMo8bIe (hyHOaMeHmbI — 0080MIbHO HOBLIU BUO 8 CMPOUMEIbCMBEe, XOms nepeble YynoMUHaHUsi 0 HUXx omHocamesi K koHuy XVIIl -
Havany XIX es. JaHHas mexHomnoausi 3apexomeHdosana cebs ¢ camoll Haunyywel cmopoHbl. B nocnedHue 200bi 8uHMoskIe ceau obpe-
matom WUPOKYI0 nNonynsipHOCMb Npu cmpoumenbemee pa3HoobpasHbix 06bexkmos, 00HaKo 8ce ewe 3aHUMarm OMHOCUMENLHO He-
6onbuwyto dono 8 hyHdameHmocmpoeHuu. [Tomeryuan amol mexHonoauu ¢abo packpbim, He peanamMeHmupo8aHo onpedesieHue He-
cywell cnocobHOCMU 8 OMEYECMBEHHbIX HOPMaX.

Lenb cocmoum e aHanuse cywecmeyrowux Memoduk u paspabomke pekomeHOayuli no pacyemy Hecyuiell cnocobHocmu cealiHo-
8UHMOBbIX (hyHOaMEHMOB 8 YCII08USIX KDUOUMO30HBI, CPaBHEHUU Pe3yibmamos pacyemos npedenbHbIX cOnpomueseHull 0aHHo20 8U-
0a (byHOaMeHma, NomyqeHHbIX PasuyHbIMU Memodamu, C HamypHBIMU NOME8bIMU UCNbIMAHUAMU U 6YPOONYCKHbIMU C8aAMU.

Memodb1: cucmemamu3ayusi, aHanu3 ome4YecmeeHHo20 U 3apybexHo20 onbima pacyema uHmMosbIx ceali 8 palioHax pacnpocmpaHe-
HUSI MHO20MIeMHEMEP3/IbIX epyHmos; cbop u 0bpabomka Mamepuasnos Nonesbix UCNbIMaHULl 2pyHMO8 BUHMOBbIMU C8asMU 8 palioHe
obycmpolicmea b0saHEHKO8CK020 MECMOPOXOEHUST; 8bIHUCITEHUE HeCyweli cnocobHOCMU Pa3fu4HbIMU Memodukamu U conocmaeeHue
pe3ynbmamos ¢ OaHHbIMU HamypHbIX NOMeebIX UchbimaHull u 6ypoonyckHbIx cgali; onucaHue MemoOUKU nNposedeHUs NOMEsbIX UChbI-
maHuli ceall 8 yCriosusx KPUOIUMO3OHAI.

Pesynbmambl. BbinonHeHb! 8bHUCTEHUS HECYWeli CNOCOBHOCMU BUHMOBbIX €8ali 8 YCIOBUSIX KPUOAUMO30HbI Pa3UYHbIMU ONUCAHHbI-
MU 8 luUmepamypHbIX UCMOYHUKaX MemoOuKaMu U UX conocmagneHue ¢ 0aHHbIMU NOMEsbIX HamypHbIX UcnbImaHuli epyHmos; npogede-
Ha cpagHUMesbHas oueHKa Hecyweli cnocobHocmu 8UHMOo8bIX ceali ¢ MemanaudeckuMu 6ypoonyckHbIMU C8asMU C HAKOHEYHUKOM 8 00-
HUX U meX Xe 2e0KPUOI02UYECKUX YCI0BUSX, 8biseieHbl 00CMOUHCMea U HeAoCMamKu paccMOMpPeHHbIX Memodos U pasnuyHbIX munos
cealiHbIx hyHOameHmos. Ha 0cHO8e nomyyeHHbIX pe3ynbmamog cienaHbl 8bi800bI O BO3MOXHOCMU NPUMEHEHUSI 8UHMOBbIX ceall 8
KpUOSIUMO30He U hoTy4eHust Heobxodumoli u docmamoqHol uHgopmayuu 055 UX NPOEKMUPOBaHUS.

Knroyeenie criosa: cealiHo-8UHMOBbIE (hyHOaMEHMbI, KPUOIUMO30Ha, HamypHbIe NONeable UCNbIMaHUs,
Hecywas cnocobHoOCMb, cmamuyecKue Hagpy3ku, ocadka, ebixo0, 60Kosas NnoBepXHOCMb, 0CMpue,
Jsionacme, Memodkl pacyema, cpasHUMeSbHbIU aHanus, donycmumas Hagpyska, memnepamypa epyHma.

JOCTIKEHUH HAayKH, aJlalTalid K CYpOBBIM KIIMMaTHye-
CKUM H Pa3HOOOPa3HBIM F€OKPHONOTHYECKIM YCIOBHSM.
I[IpoexTupoBaHue CBaiHBIX (QYHAAMEHTOB B YCIOBHSAX
PAacIpOCTPaHEHHs. KPHOIUTO30HB! (MHOTOJIETHEMEP3IIBIX
rpyHToB — MMI') poU3BOAUTCA COTNIACHO TPeOOBAHHMAM
U YKa3aHHAM [JEHCTBYIOLICH HOPMATHBHOW JTOKYMEHTa-

BeepeHue

CrpouTenseTBO JII000T0 31aHUS U COOPYKEHUS HauH-
HAeTCs MPEXKJIE BCEro ¢ Bo3BeneHus dyHnamenta. Kaue-
CTBO YCTPOHCTBa (pyHIAMEHTA U CONMYTCTBYIOLIUE CTPOU-
TeIbHO-MOHTAXHbBIE PAabOTHl B HanbHeiimem obecredn-

BAIOT HAJEKHOE (PYyHKIHOHHUPOBAHHE COOPYKEHHS U SB-
JAIOTCS BECbMa aKTyalbHOM M C TOW kK& CTOPOHBI IIPO-
OneMaTHYHON CTPOMTENBHOW M HMHXEHEPHOH 3ajaueti,
0COOEHHO B YCIOBHAX PACIPOCTPAHEHHS KPHOMHTO30HBI
Ha (oHEe TIIOOATBHOTO TIpoIlecca MOTEINIEHHS KIMMaTa
[1-19].

C 1990-x rofioB B HaIeii cTpaHe MacITaOHBIMU TEM-
TNaM¥ HJET 0CBOCHNE He)TEra30HOCHBIX MPOBUHIMH, UTO
COIPOBOXK/IAETCS MPOBEACHUEM KOJIOCCANBHBIX PaboT 1o
00yCTpOICTBY M OTKPBITHIO HOBBIX MECTOPOKAEHHH,
PACTIONOKCHHBIX B OONMBIICH YacTH Ha TEPPUTOPHAX
Kpaitnero Cesepa, uTo, B CBOIO Ouepeb, AUKTYET TEH-
JEHIMIO IEPEeCMOTPa M JETAIbHOIO aHAIM3a KOHCTPYK-
TUBHO-TEXHOJIOIMYECKUX DELICHUH IIPH BO3BEJCHUU
(yHIaMEHTOB, BHEJIPEHNS COBPEMEHHBIX TEXHOJOTH
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muu (CIT 25.13330.2020) no aByM nmpuHuunam: I mpus-
IUI — TPYHTBl HCIOJNB3YIOTCS B MEP3JIOM COCTOSTHUH;
[l mpuHIMI — TPYHTHI B MPEABAPUTENBHO OTTASHHOM CO-
CTOSIHUH.

Anamasupyst 1 0000112 HAKOTUICHHBIH OTEYECTBEH-
HBIA OIBIT 10 BBINOTHEHHIO CTPOWTENBHBIX paboT Ha
teppuropun Kpaitnero CeBepa, MOXKHO czienarh BBIBOJ,
9TO0 UMEHHO ()YHIAMEHTH Ha CBASX SBIAIOTCS IIHPOKO
npuMeHseMbIME. [lo MaTepuay cBan ObIBatoT Xxene3o0e-
TOHHbIEC, METAIMYECKHE ¥ KOMOUHUPOBAHHEIE, 10 CIIO-
co0y ycTpoiicTBa B MHOTOJIETHEMEP3INBI TPYHT — Oypo-
OmyckHble W Oypo3aOMBHBIE, B HEKOTOPBIX CITydyasx
OTIyCKHBIE.

Jl1s JKene300eTOHHBIX CBAH, yCTAaHOBIEHHBIX B KPHO-
JUTO30HE, XapaKTEPHO UX BBIyYUBAHUE U HAOMIOHACTCS
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3HAYUTENBHOE CMep3aHue OOKOBOW MOBEPXHOCTU Tena
CBaU € OKPY)KAIOLIUM IPYHTOM, YTO IIPMBOJAUT K 3HAYU-
TEJIbHBIM MOBPEXKICHUAM. MeTandeckue cBau TakxKe
HCIIBITHIBAIOT BO3ZEHCTBUA MpOLECCA BBITYYMBAHHUSA U3
TpyHTa IpH 3aM0JHEHUH BHYTPEHHEH MOJOCTH Tella CBan
PacTBOPOM, HO TpPU 3TOM XapakTepPU3YIOTCd MEHBIIUM
CMEp3aHUEM.

Ha ¢one 3T0T0 B YCIOBHAX pacmpocTpaHEHHS MHOTO-
JIETHEMEP3IIbIX TPYHTOB, B HOIBITKE YMEHBIIUTb CTEIIEHb
HEraTUBHOTO BO3/EHCTBHS MPOLIECCa MOPO3HOTO yUeHHUS
Ha JKCIUTyaTalui0 CBAHBIX (YHIAMEHTOB, B TOCICIHAE
roJpl HaMEeTWIach TEHACHLMS HCIONb30BAHUS CBaifHO-
BHHTOBBIX (DYHIaMEHTOB, pa0OTAIOIIMX KaK aHKepHas
CHCTEeMa M 3a CYeT HalM4Msi B HWXKHEH 4YacTH BUHTA
YMEHBLIAIONIUX BHITUPAHUE CBAH.

Hcnonp3oBanne 8 MMIT hyHIaMeHTOB 13 BUHTOBBIX
CBall — MEPCTIEKTUBHBII METOJ TPH PELICHUH COBPEMEH-
HBIX 32724 1 TIpo0eM (yHIaMEHTOCTPOCHHSI.

Bo3MOKHOCTH TIpHMEHEHHsI BHHTOBBIX CBaif MpH
ycTpoiictBe  (DYHAaMEHTOB B  KPHONMTO30HE  IO-
HacToAmeMy KonoccalnbHbl. OTeUeCTBEHHBIMU YUECHBIMH
U Tpe/ICTaBUTENAMH HAy4HO-TIPOM3BOICTBEHHBIX OpTraHHU-
sammit: J[.H. Hocma, I1.M. Pomanos, A.b. Ocokun, B.I.
Axcenos, JI.W. Kauyanosckas, B.C. boopos, A.JI. Habe-
pexusiit, C.I'. I'eBopxsn, U.B. Hockos, 11.B. KpyTtukos,
0.M. Tonuapos, A.H. Keneskos, J[.H. Kpuos u np.,
HOAPOOHO H3MOXKEHBl ITOCTOMHCTBA CBAHHO-BHHTOBBIX
(yHIAMEHTOB 110 CPaBHEHMIO C IPYTHMH BHAAMH CBail B
YCIOBUAX PacrpoCcTpaHeHus KpromuTo3oHs! [20, 21].

BuHTOBas cBasg COCTOMT W3 METANIMYECKOH TPYOHI,
BEpXHAA YacTb KOTOPOW OrpaHHYMBAETCSl OTOJIOBKOM, a
HUKHSA — aHKepoM ¢ sonactaMu. Konudectso nonactei
CBail, IPMMEHSAEMBIX B HACTOSILEE BPEMS [IPU CTPOUTENb-
CTBE, MOXET OBITh PasNM4HBIM, YTO, B CBOK OuYepelb,
CIOCOOCTBYET YBENMYEHHI0 MX HeCyllel CrocoOHOCTH
TIPY BAABJIMBAIOLIMX U BBIAEPrUBAIOLINX HATPY3KaX.

[lens nonactu B cocTaBe BUHTOBOW CBAaW — OAMHAKO-
BOE U PAaBHOMEPHOE pACIpe/ieieHne Harpy3Ku, BO3HHUKA-
IOIIEN OT COOPY)KEHHUS HAa TPYHTHI OCHOBAHMUS, U YMEHb-
IIeHUE JeHCTBHS Tpollecca MydeHHe (BBIACPrUBAHUE
cBan) [22].

KoncTpykims coBpeMeHHBIX BHHTOBBIX CBail Xapak-
TepU3yeTcs AuaMeTpoM cTBoja ot 5 1o 50 cM ¢ Tonmu-
HOH CTEHOK He MeHee 4 MM, JIMHHON OT HECKONBKHUX 0
JIECITKOB METPOB, TONIIMHOW CTEHOK JIOMACTH OKOJO 5
mMM. CTBON cBam (TeJNO) MOKPHIBACTCS AHTHKOPPO3HOH-
HBIM BEIIECTBOM M 3aIOJHACTCS TeCYaHO-0eTOHHBIM pac-
TBOPOM II0CJIE NOTPYKEHUS B TPYHT. Bun HakoHeuHuKa ¢
BUTKAMH Ha HEM OMPEENAETCS TEXHOJIOTUUECKHUMHU 0CO-
OEHHOCTAMH TPOM3BOAUTENS-TIOCTABINNKA. B HacTosmiee
BpEMS CYIUECTBYIOT Pa3HOBHIHOCTH BMHTOBBIX CBail ¢
JUTHIMH JIOTACTAMH.

KoHCTpyKIms BUHTOBBIX CBail (IMaMeTp, ATHHHA, BUA
HAaKOHEYHMKA W IIar BUTKOB HA HEM) OMpeeNseTcs
IPEeXkIE BCEro T€OKPUOJIOTMUECKMMHU YCIOBUAMH, Ha3Ha-
YeHHEeM U THIIOM 3aHUI 1 COOpYKEHHHA.

JUist BUHTOBBIX CBail, HCIOJb3YEMBIX B YCIOBHAX
Kpaiinero CeBepa, B cpaBHEHMH K TallbIM TPYHTaM, Xa-
PaKkTepHO OOJIbIIIEe YUCIIO BUTKOB B JIONACTH, 3HAYUTEN b-
HBII MX YTOJl HAKJIOHA ¥ MEHBLIEE CEUCHHE TeNa CBau.
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Jlnst TaneIX TPYHTOB XapaKTEPHBI IIMPOKOIOMNACTHBIC
aHKEpPHI C 320CTPCHHBIM HAKOHEYHHKOM, AMAMETp JIOma-
ctH OoIbIIe, YeM TENIO CaMOi CBaW TPUMEPHO B 1,5 paza
(puc. 1, a), B MHOTOJICTHEMED3IBIX TPYHTAX — Y3KO JIO-
TIACTHBIE AaHKEpPhl C OTHOLICHHWEM CEYeHHs JIONAcTH M
cTBoJa MeHbiIne 1,5 pasa (puc. 1, 6) [20].

[lopsimox morpyxeHuss (GYHIAMEHTOB H3 BHHTOBBIX
CBai B MHOTOJIETHEMEP3IIbIE TPYHTHI CIIEIYFOIIHN:
¢ Ha HAaYaJIBHOM JTalle BBIIONHACTCS MPOXOKa JUIEp-

HOH CKBaKMHBI JIUAMETPOM MEHbIIE JHaMeTpa Kop-

Tmyca cBau;

e 3aTeM OIyCKaeTcsi CBas HA MPOEKTHYI0 OTMeT-

Ky/TyOuHy;
¢ BHYTPEHHSS YACTh CTBOJIA CBAM 3AIONHIETCS PACTBO-

poM.

OmnyckaHue BUHTOBBIX CBail IPOMCXOJUT TPHMEPHO B
TeueHue 20 MUHYT UM OCYIECTBIsAETCS B OoJblIel Mepe
MeXaHHU3HPOBAHHBIM CIIOCOOOM C HCIONB30BAHMEM pa3-
JIMYHBIX TSOKEJTBIX ABTOMATH3WPOBAHHBIX MAIIHH, PEIKO,
B 0COOBIX YCIOBHAX, — PYYHBIM CIIOCOOOM.

PyuHoii cioco6 Gonee Tpyao3aTpaTHsIiA, TpeOyeT Bo-
BIICYEHHUS B TIPOLIECC JIIOJCKUX PECYPCOB U HCIIONB3YETCS
B OCHOBHOM JUIA CBAil MaJbIX JIMAMETPOB: MOTPYXkKEHHE
CBAH UIET 3a CYET 3aBHHYMBAHIS TeJa CBAaH B TPYHT JIO-
MOM, TIPOIIYIICHHBIM B CKBO3HBIE OTBEPCTHS CTBOINA.

LD,

ala
Puc. 1. Koncmpykyus eunmogou ceau: a) manvle epyHmol;
0) MHO2ONeMHeMep3vle epyHmbl. L — Onuna, Z — wae

sumxa, D — ouamemp mpyowvl 6unmogoti ceau [20]
Fig. 1. Design of the screw pile: a) thawed soils;
b) permafrost soils. L is the length, Z is the turn

pitch, D is the diameter of the screw pile pipe [20]

HenocraTkoMm cBaifHBIX (DYHIAMEHTOB SIBISETCS 3Ha-
YUTEIbHBIN PacXo] MeTalIa U HEBO3MOKHOCTb MX MPH-
MEHEHHMs B IPYHTaX € TBEpPIbIMU MPOCIOUKAMHU M BKIIO-
YEHUAMH KPYIHOOOJIOMOYHBIX IPYHTOB.

K npeumymiecTBam NpEMEHEHNs BUHTOBBIX CBAl OTHO-
CHTCSI: YBENHYEHNE HECYIeH CIOCOOHOCTH Ha Pa3HBIC BHJIbI
JEHCTBYIOLIMX HArpy30K, CTOMKOCTh K MOPO3HOMY ITyde-
HHI, BO3MOXHOCTb JEMOHTUPOBATh JUIl HOBTOPHOIO HUC-
TIOJTB30BAHNS, OTCYTCTBHE BHOPALMOHHOIO BO3AEHCTBHS
IpH TOTPY)KCHHH, COXpaHEHHE IPUPOITHON CTPYKTYPHI
TPYHTA, TIPU TIOTPYKEHUH TPYHT HE PasphIXIILETCs, a yIIIoT-
HAETCS, UTO YBEIMYUBAET HECYLLYIO CIOCOOHOCTD [22].
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daxtryeckas Hecymas CoCOOHOCTb CBal OMpPees-
eTCs B XOZI€ BBINOJTHEHHS TONEBEIX HATYPHBIX HCIIBITA-
HOH TPYHTOB HEMOCPEACTBEHHO HA IUIOMIAAKE CTPOH-
TENbCTBA.

HcnpiTanus cBail BBIMONHSIOTCS B COOTBETCTBHH C aK-
TyaJbHBIMH HOPMaMH, Ha OCHOBAaHWU paboueil JTOKyMeH-
Tay Mapku «AC» («ApPXHUTEKTYpPHO-CTPOHTEIbHBIE pe-
mennsa»), «KXK» («KoHctpykmum sxene300eToHHBIEY),
«O®» («OcHoBanus U QYHIAMEHTHI»), B LENX TONyYe-
HUS JTaHHBIX, HEOOXOMMMBIX VTS TIOATBEPHKJICHUS TIPHHS-
TBIX TPOCKTHBIX PEIICHUH, OmpeneneHns nehopMaruit
CBail B TPYHTE B 3aBUCHMOCTH OT MPUIIATa€MOi HATPY3KH U
TPOCIEKUBAHIS HX M3MEHEHHS BO BPEMEHH, & TAKKe I
TIOATBEPJICHHS TIPOSKTHBIX OTMETOK OCTPHS M YTOYHEHHS
CTETIeHH OIHOPOIHOCTH IPYHTOBOrO MaccuBa [23-26].

CyIHOCTb UCTIBITAHUIT CBall 3aKIII0YAETCS B MOCIEN0-
BATEJIFHOM YBEIMYCHIN HATPY30K U M3MEPEHHUH BEIUINH
nedopmarmii (0CaloK — BIABIMBAIOIINE HATPY3KH, BbI-
X071 — BBIJICPTHBAIOIINE HATPY3KHU) CBAH.

B cocraB pabor mo wucmbitanusMm B MMI' crarude-

CKHMH Harpy3KaMy BXOJUT:

¢  CTPOWTENHHO-MOHT@XHBIE pPabOTBl IO YCTPOICTBY
YHOPHBIX KOHCTPYKIWH, COCTOAIIMX W3 TPy30BOM
wiaT(hOpMbI 151 BIABIMBAOIINX HATPY30K (pHC. 2, a)
Wi Habopa MeTaNIMYecKuX OalloK MPH BbIAEPrUBa-
IOLIUX Harpyskax (puc. 2, 6), 1J1s BOCIPUHATHS peak-
THUBHBIX CHJI IIPH NlepeJaue Harpy3o0K Ha CBalo;

® YCTAQHOBKA PENEPHOHl CHCTEMBI C M3MEPUTENbHBIMU
npubopamu (puc. 3);

® YKJIaJKa TPY30B (IOPOXKHBIE IUIMTHI, CTPOHTENbHbIE
ONIOKH U T. 11.);

e cOop cucTeMbl TMepefayd Harpy3ok — JIOMKpar—
MaHOMETP—MAaCIOCTaHIIHS;

¢ Iepefaua CTYNEeHAMH TPeOYyeMbIX Harpy3oK;

® CHITHE U3MEPEHUN;

o KamepanbHas 00pabOTKa pE3yNbTaTOB MCIBITAHHH
CBail.

Puc. 2. Obwuii 610 ynopHoi KOHCMPYKYuU HpU CMAMU4ecKux UCHbIMAHUAX Ceall: a) 60asiueaiowue HaAspy3Ku (2py306dst
nrameopma); 0) gvidepeusaiowue Haspy3Ku (cucmema OAI0K)

Fig. 2. General view of the thrust structure during static testing of piles: a) pressing loads (cargo platform); b) pulling loads

(beam system)
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Puc. 3. Cxema penepnoti cucmemvl. 1 — npubop ons uzmeperusi oepopmayuil;
2 — npubop Ona usmepenus oaenenus; 4 — domxpam, 3, 5 — eubkuil
mpyo6onposod; 6 — nepexoOHux;, 7 — cmanvhvle naacmunvl; 8, 11 —
cmanvHvle onop u yeonok, 9 — depocamens 0Jisi UHOUKAMOPA nepeme-
wenutl; 10 — npym memanauueckuil, 12 — koumponvnas ceas [27]

Fig. 3. Scheme of the reference system:
deformations; 2 — pressure measuring device; 4 — jack; 3, 5 — flexible
pipeline; 6 — adapter; 7 — steel plates; 8, 11 — steel supports and a
corner; 9 — holder for a displacement indicator; 10 — metal rod; 12 —
control pile [27]

1 - device for measuring
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WHxeHepHO-reokpuonoryeckue ycnosus

uccneayemoii Tepputopun

OOBEKTOM BBHITIONHEHHOTO  HICCIICIOBAHUS  SBIAETCS
Tporecc B3aNMOACHCTBHS (YHIAMEHTOB HPOEKTUPYEMBIX
JIOKANbHBIX JIMTOTEXHUYECKUX CHCTEM B Tpenenax o0y-
CTpOicTBa HE(TEra30HOCHBIX MPOBHUHIMH, BBIIOMHEHHBIX
M3 BUHTOBBIX CBal, C MHOTOJETHEMEP3JIBIM OCHOBAHHEM,
Ha ipuMepe o0ycrpoiictBa boBanenkoBckoro HI'KM.

KAPCKOE
MOPE

Puc. 4. Teppumopuanvroe pacnonoxcenue bosanenkoscko-
20 mecmopooicoenus [21]

Fig. 4. Territorial location of the Bovanenkovskoe field [21]

B amMuHHCTpaTMBHOM OTHOLIEHMH Tepputopus bo-
BAHEHKOBCKOI'O MECTOPOKJICHUS PacroioxeHa B SManb-
CkoM paioHa TroOMEHCKOW 00NacTH, B 3amajHOM YacTH

nojyoctpoBa fImain, B HibkHeM TeueHuu pek CéE-fxa,
Mopnpisixa u Hanyii-Sxa (puc. 4) [21].

Knumar mMecToposxneHns H30bITOYHO-BIAXKHBIH, C XO-
JIOJTHBIM JIETOM M YMEPEHHO CypoBo# 3umoid. [lo kinma-
THYECKOMY PaiOHHPOBAHUIO M3yYaeMbIli YUacTOK pacio-
JI0XEH B CEeBEPHON CTPOMTENIbHON KITMMAaTHYECKOH 30He ¢
CypOBBIMH ycnoBusiMH, B 11" KimaTnueckoM moppaiione,
[2 xnmumatnyeckoM paiioHe 10 BO3ACHCTBUIO KIMMaTa Ha
TEXHUYECKHE W3IEIHS W MaTepHaibl, BO BTOPOH 30HE
BI2KHOCTH.

Tepputopust HaxoIuTci B 30HE CEHCMHUYHOCTH
5,0 6amoB mo mkane MSK 64 kapTel ceficMU4ecKoro
paiionnposanus Poccuu (OCP 2015-B).

B reomopdororimueckoM OTHOIIEHHH TEPPUTOPHS
TPOBEICHHS MCCIIEIOBaHUN MpeACTaBIieT co00i mpu-
OpEKHO-MOPCKYIO PaBHUHY.

OCOOCHHOCTBIO HM3YYaeMOH TEPPUTOPUH  SBIACTCS
TPaKTUIECKH CIUIOIIHOE PACIpOCTPAHEHHE MHOTOJETHE-
MEp3TbIX, CIOHMCTHIX, HEOJAHOPOAHBIX, JBYXSPYCHOTO
CTPOGHUS, C JMH3AMHU JIbJIOB TPYHTOB, JIBIUCTOCTHIO OT
20 1o 50 %, Mep310Ta CITMBAIOIIETO THIIA.

L[e7T0CTHOCTh  TONII MHOTOJETHEMEP3NBIX TPYHTOB
IpepeIBacTCA TAIMKAMH W KPHOIDTAMH  XJIOPHIHO-
HaTPHEBOTO COCTaBA.

['my6uHa ce30HHOTO MpOMEp3aHUA-OTTAUBAHUS TPYH-
ToB m3MeHsercs ot 0,7 1o 2,4 M.

[eoxpuonormaecknii paspe3 IUIOMAAKA CTPOHTENb-
ctBa (puc. 5, 6, Tabmn. 1), mo pe3ynpTaTaM paHee BBHITION-
HEHHBIX W3BICKAHWH, MPEICTABICH HACHITHBIMU TPYHTA-
MH (tjy) — TPYHT Pa3HOPOIHBIH, MPEUMYIIECTBEHHO TIECOK
pa3HOH KPYIHOCTH; MOYBEHHO-PACTHTENBHBIM CIOEM
(pdiv); coBpeMeHHBIMH OHOTE€HHBIMH — OTJIOKEHHSIMU
(bry) — TOpd pasTMUHON CTENMEHH PA3IOKEHHS; BEpPXHE-
IEHCTOLEH-TOOLEHOBBIME  MOPCKMMHU ~ OTJIOKEHUSIMH
(mIll34lV) — raAMHBL, CYTIHHKH, CYIECH, MECKH, THH3bI
1108 [21].
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Puc. 5. Huoicenepro-eeoxpuonozuueckuti paspes no aunuu 1-1 [21]

Fig. 5. Geocryological engineering section along line 1-1 [21]
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Puc. 6. Huowcenepro-eeoxpuonoeuneckuii paspes no aunuu 2-2 [21]
Fig. 6. Geocryological engineering section along line 2-2 [21]

Tabnuya 1. Onucanue uHdiCeHepHO-2e0N02UtecKux dnemenmos (MI'D), npedcmasienHbix HA UHIICEHEPHO-2e0N0SUYECKUX
paspesax

Table1.  Description of engineering-geological elements (IGE) presented on engineering-geological sections

HI/(I)IE/Igp HaI/IMeHOBaHPIe TpyHTa
IGE number Soil name

120220 |Top¢ BomoHackleHHbIH, cpeanepasnoxusiniics/Medium decay saturated peat

121120 |Topd mepsusiii, cpeanepasnoxkusuniics/Peat frozen, medium-decomposed, Wi=1,0, p=0,95, ii=0,40

131302 |I'muma mepanasi, baucTasi, ciabozatopdosannas/Frozen, icy, weakly clay, W,=0,635, W,=0,38, p=1,37, p4=0,84, ii=0,26

131400 (T'muma mepanast, meauctas/Frozen, icy clay, Wi,=0,567, Wy=0,250, p=1,88, p4=0,94, e=1,83, ii=0,36

131700 |I'nuna mep3nas, odeHsb cribHONMBIECTas/Frozen clay, very strongly clayey, Win=1,776, Wy=0,27, p=1,19, p4=0,43, =5,26, i;=0,60

I'nuHa Mep3nast, O4eHb CHIIBHOIBINCTAs, ¢ IPUMEChIo opranndeckoro Bemectsa/Clay is frozen, very thickly clayey, with an ad-

131701 mixture of organic matter, W=1,819, W=0,325, p=1,12, p4s=0,40, e=5,48, i;=0,60

141200 |Cyrnunok Mep3iblii, ciabonsauctsiii/Frozen loam, weakly boggy, Wi=0,315, W=0,218, pi=1,81, p4=1,38, =0,93, ii=0,16

141300 |Cyrnunok Mep3insii, nsaucTsiit/Frozen, icy loam, Wi,=0,380, W,=0,213, p=1,71, pa=1,24, e=1,15

141400 |Cyrnunok Mep3inbii, neaucTsiit/Frozen, icy loam, Wi,=0,519, W,=0,220, p=1,53, p4=1,01, &=1,63

141500 |Cyrnunok Mep3iblii, cunsHONbAKUCTHIA/Frozen loam, strongly alkaline, Wi,=0,679, Wn=0,223, p=1,47, p4s=0,88, e=2,02

141600 |CyrmmHOK Mep3iblif, cribHONBAKCTBI/Frozen loam, strongly alkaline, Wi,=0,898, W,=0,233, p=1,34, p4=0,71, e=2,75

141700 |CyrumHOK Mep3iblii, o4eHb cHiIbHONBAKCTHIA/Frozen loam, very strongly alkaline, Wi=1,575, Wn=0,227, pi=1,22, p4;~=0,47, ii=0,60

CyrIIMHOK Mep3Iiblii, O4eHb CHIIBHOJIBANCTHIN, ctabo3aTopdoBauHbiii/Frozen loam, very strongly clayey, weakly clayey,

141702 |\ 22236, Wi=0,364, pi=1,20, po=0.37, e=5,89, i1=0,60

150101 |Cymecsh ruiacTudHas, ¢ puMechio opranndeckux Berects/Plastic sandy loam, with an admixture of organic matter

151100 |Cymnech Mep3nas, cnabonsguctas/Frozen loam, weak loam, W=0,243, W,=0,206, p=1,92, pq+=1,55, e=0,72

151200 |Cymnecs Mep3nasi, cnabonsauctas/Frozen loam, weakly boggy, Wi=0,288, W,=0,201, p:=1,80, p4=1,40, &=0,89

151400 |Cynecw mep3snast, apauctas/Frozen loam, icy, W=0,489, Wy=0,204, p=1,67, p4=1,12, e=1,37, i;=0,35

151600 |Cymecs Mep3nasi, cunbHonbaucTas/Frozen sandy loam, strongly alkaline, Wi,=0,854, W,=0,215, p=1,41, p4s=0,76, ii=0,54

IMecok mbLIeBaTHIA, Mep3IbIi, KproTekcTypa MaccuBHas/Sand dusty, frozen, cryotexture massive, Wiq=Wn,=0,196, p=1,92,

161000 | =161, e=0,64

161100 |Tlecok mbuieBaTHIM, Mep3bIi, crabonbaucTsiii/Sand dusty, frozen, weakly sandy, Wi,=0,252, W,=0,218, p=1,88, p4=1,50, ii=0,07

161200 |Tlecoxk mbuIeBaTHIM, Mep3bIi, cabonbaucTeiii/Sand dusty, frozen, weakly sandy, Wi,=0,309, W,=0,219, p=1,83, p4=1,40, ii=0,15

250000,

251000 HaceinHoit rpynt/Bulk soil

260000 |JIen/lce, Wy,=1,0, p=0,90

Hpumelumue. Wm — GJIAJHCHOCMb MepP371020 epyHma, pacnojloiCeHno2o MeOIC()y JIbOUCTLIMU BKIOYEeHUAMU, 0. e., th — CyMm-
MAPHAS G]IANCHOCIb MEP3TI020 SDYHMA, O. €.; Pyf — NIOMHOCHb MEP3N020 SPYHMA 6 CYXOM COCHOAHUL, olem®; Py — naom-
HOCMb Mep3/1020 2pyHma, olem’; e — Koauyuenm nopucmocmu Mep3nozo epyuma, 0. e.; i — 1OUCIOCHb 2DYHMA 34 CYem
JICOSAHBIX BKAFOYEHULL, O. €.

Note. Wy, — moisture of frozen ground located between ice inclusions, e. g.; Wy, — total moisture of frozen ground, e. g.; pgs —
density of frozen ground in dry state, g/cm®; p, — density of frozen ground, g/cm?®; e; — porosity factor of frozen ground, e. g.;
i; — ice content of ground due to ice inclusions, e. g.
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I'pyHTbI OTHOCSTCS K MOPCKOMY THITy 3aCOJIECHHOCTH,
IO CTEIEHU 3aCOJEHHOCTH OT HE3aCOIEHHBIX JI0 CHIBHO-
3aconeHHbIX. [lo cTemeHW MOPO3HOM MyYHHHUCTOCTH
TPYHTBI CPEJHETYUHHUCTEIC (CYTIIMHKH, CYNECH, ITHHBI)
¥ CIIa0OMyYUHUCTBIE (TIECKH).

ITox3emMHBIe BOABI BCKPBITH Ha rayOuHax ot 0,0 1o
1,6 M. Bomel HaaMep3NnoOTHOTO THIA, OE3HATIOPHBIE,
(YHKIMOHUPYIOIIHE B TETHUH TIEPHOL.

W3 omacHBIX Te0MOTHYECKHX NPOLECCOB BBIACIACTCS
nyueHue, 3abonaurBaHue, HaneaeoOpa3oBaHue, MOpO30-
OoiiHOe pacTpeckuWBaHWE, B MeHbIIE CTENEeHH TOp(oHa-
KOIUICHHE.

PESyHbTaTbI noneBbIX HAaTYPHbIX McNbITaHW TPyHTOB

[loneBrle MCTIBITAHUS TPYHTOB MPOBOIIUIHCH CBASMU
BUHTOBBIMH JUTMHHOW 7,0 M, COCTOSMMU U3 TpYyO Iua-
MetpoM 219 MM, HM3TOTOBIEHHBIMH U3 CTald MapKu
0912C, ¢ nuteiM HakoHeyHuKOM AuamerpoM 300 MM u
Y3KHMH JIOTACTSAMH C YIJIOM HaKIOHa TpaHed pebep
45 rpanycos (puc. 7).
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Puc. 7. Koncmpykyus eunmogou ceau ¢ 1umsimM HAKOHEYHU-
KOM 0151 MHO2OJIEMHEMEP3IIbIX 2PYHIMO8

Fig. 7. Construction of a screw pile with a cast tip for
permafrost soils

BuHTOBBIE CBaM MOTPYXallMCh B MHOTOJIETHEMEP3JIbIH
TPYHT B CIICAYIOMIEM TOPS/IKE: Ha HAYAIBLHOM 3Tarie mpo-
M3BOJMJIOCH OypeHHE JIMICPHON CKBAKHHBI ITHEKOM JHa-
MeTpoM 220 MM, 3aTeM CBasi 3aBUHYMBAIIACH 0 TIPOSKTHON
[JTyOHMHBI TIOTPYXKEHHUS, TIPH 3TOM MOHTA)XHBIC OTBEPCTHS,
pACTONIOKEHHbIE B BEPXHEH YacTH CBaH, 3ariyIIMBAIHCH
METaUTMYECKUMU TiacTuHamu 4x70x70, 1 B KOHIE BHYT-
PEHHSIA TTOJIOCTh CBAM 3aIOJHAIACH OETOHOM.
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Bcero nHa uccnexyemoil mnomiaaxe ObUIO TPOBEACHO
68 ucTbITaHW BUHTOBBIX M OYPOOIMYCKHBIX CBaii cTaTH-
YECKIMH BJIABIHBAIONINMH ¥ BBIICPTHBAIOINME Harpys-
KamH, 1o 34 mTyKH Kaxa0ro BUAa ¥ 1o 17 Kaxmoro Buaa
Harpy3ku. bypoomycknble cBau uMeroT fuamerp 219x8 u
anuny 7,0 M, ¢ ocTpreM.

PesynpraThl HCTBITAHMI TPYHTOB BUHTOBBIMH CBasMH
CTAaTHYECKHMH BJABJIMBAIOIIMMI M BBIICPTHBAIOLINMHA
Harpy3kamu B MMI npuBezeHsl B Tabn. 2, Gypoomyck-
HBIMU CBasMH — B Ta0II. 3.

Tabnuya 2. Pe3ynomamol uCnblmanuti GUHMOBLIX CEAll

Table 2. Results of testing screw piles with static loads
Maenvab- | Cymmap= |y g oo nan CyMMapHbIit
Homep | Has Harpy3ka | Hast ocaji-
Harpyska Iipu BBIXOO, MM
CBan TIpH UCIbITa- Ka, MM
. ucnblTanuy, KH Total
Pile Hun, KH Total set- . .
. Maximum test | displacement,
number | Maximum test | tlement,
load, KN mm
load, kKN mm
CraTtuyecKkue BIaBJIMBAIOIINE CraTtuyecKkue BbLIEpTUBAIOLINE
Harpysku HarpysKu
Static pressure loads Static pulling loads
1 200 0,93 275 28,02
2 200 1,82 275 25,66
3 200 1,01 250 25,20
4 200 3,80 275 26,63
5 200 1,46 250 25,34
6 450 1,81 275 28,59
7 300 0,66 400 25,50
8 500 2,38 900 25,10
9 500 2,27 400 2,56
10 500 0,83 600 25,04
11 500 1,51 700 25,06
12 500 1,01 600 2,67
13 500 1,40 500 25,28
14 800 2,72 450 25,12
15 500 1,12 500 25,12
16 500 1,12 450 25,70
17 500 2,30 800 25,33

Tabnuya 3. Pesynomamol ucnvimanuii OypoonycKHuIX ceail

Table 3. Results of testing drilling piles with static loads
Homep Makcumanbhast | Cymmap- | MakcumanbHas | CymMmMapHBIi
Harpyska IpH | Hast ocajl- | Harpyska Inpu BBIXOJI, MM
C;?H ucnsitanuy, KH| ka, MM | ucnieitanuu, kH Total
nunl“lger Maximum test | Total settle- | Maximum test |displacement,
load, kN ment, mm load, kN mm
CraTtnueckue BIABJINBAIOIIHNEC Cratnueckue BBIICpIUBarOIINe
HarpysKu HarpysKu
Static pressure loads Static pulling loads
1 300 1,54 200 1,79
2 300 1,64 200 1,90
3 300 1,69 200 1,26
4 360 1,85 200 1,46
5 360 1,92 360 2,39
6 360 1,77 360 1,32
7 360 1,65 360 1,02
8 360 1,58 360 1,69
9 360 1,90 360 1,01
10 162 2,02 330 1,07
11 162 2,55 330 1,12
12 162 2,13 330 1,01
13 162 2,25 288 1,13
14 162 2,29 288 2,02
15 384 1,05 288 2,13
16 384 1,22 288 1,88
17 300 1,88 288 1,94
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AHanus maTemaTMyeckux METOAOB onpeaeneHus

npeaenbHOro ConpoTUBIEHNS BUHTOBLIX CBaif

B ycnoBusx KpaiHero CeBepa

PacuerHas Harpyska U IIpelelbHOE CONPOTHUBIEHHE
CBay M0 Pe3yJIbTaTaM UCIIBITAHUH B MHOTOJIE€THEMEP3IIBIX
IpyHTax paccuuthiBarotcs B cootsercTBuu ¢ [OCT 5686
u CII 25.13330.

CIT 25.13330 He oToOpaxaeT METOJOJIOTHIO pacyera
TPEeNENbHOr0 COPOTHUBIIEHHUS BUHTOBBIX CBAHl 10 pe3yiib-
TaTaM IOJIEBBIX MCIIBITAHUH B YCIOBHSX paclpocTpaHe-
HUS KPUOJUTO30HBL.

Ha ocHoBe aHanu3a OTE€YECTBEHHBIX JIUTEPATYPHBIX U
HAy4HbIX PECYpPCOB YCTAHOBJIEH PsiJl CYLUECTBYIOLIMX Me-
TOJIOB pacyeTa CBaiHO-BUHTOBOTO (yHIameHTa Ha MMIT
[25-30]:

1) meromuka OAO «DyHIaMEHTIPOCKT);

2) meromuka OAO «Ces3anHTLIy;

3) meron, mpemtoxenusiid A.J[. HabepexubiM (Kamz.
TEXH. HayK, 3aB. Jaboparopmeil WHKEHEPHOU Treo-
kpuonorun PI'BYH «MHCTHTYT Mep3n0TOBENEHUSA
M. [L.U. MenpaukoBa Cubupckoro otaenenust Poc-
CUHCKOH aKafleMUU HayK»).

BrrmenepedrcienHpe METOABI PEICTABIAIOT CO00i
MOAMGUKALMIO CTAHIAPTHOW CXEMBI pacdera Hecymei
cnocobHoctH cBaii B coorBeTctBHH ¢ CII 25.13330, Ho
IPU ATOM BKIIOYAIOT B COCTAB pacueTa XapaKTepUCTUKH
KOHCTPYKLMY HAKOHEYHHKA — JIONACTH.

B 2016 r. psagom corpymaukoB OAO «®DynmameHT-
NpoeKT» pa3paborana popmyia:

Fogu = vy, * (RA + RgAg),

rae Ag, — IUIomaab BUHTOBOW YacTu, ompesesseMas Kak
nDx(h,+D); D — auametp nomactu; h, — BeICOTAa BHHTO-
BOU wacTi; Ry, — pacy€éTHOE CONMPOTUBICHHE MHOTOJET-
HEMEp3JIOT0 TPYHTa BUHTOBOM YacTH; y. — KOAQQUIHEHT
ycioBui paboThI; Y — TeMnepaTypHsIit koad@uiment; R
— pacuéTHOE [aBICHUE HAa MHOIOJETHEMEP3IbIA TPYHT
TI0/ HIKHUM KOHIIOM CBal; 4 — IIIOMIAb JOMACTH.

CyTb TaHHOW CXEMBI pacyeTa COCTOUT B yUeTe JIHIIb
obnactu B paifoHe JIOTIACTH CBau, T. €. CUCTEMBI «TPYHT
OKOJIO JIOIIACTH — CaMa JIONACTh — IPYHT MOJ JIONACTBION,
IPU 3TOM TIPOIIECC CMEP3aHHUs TeNla CBaW C TPYHTOM IO
OOKOBOI TOBEPXHOCTH HE PacCMaTPUBACTCHL.

Pa3paboTunkn JTaHHOTO CIMOCO0A BBHIYMCICHHUS TOJA-
TaloT, 4TO MPOLECC CMEP3aHUs CTBONA CBAM C OKpYKaro-
MM TPYHTOBBIM MAaCCUBOM HECNOCTOSAHCH, JO0BOJIBHO
CIIOXHBIN, TPYAHO YIPABISEMBIN U B OOJNBIIEH CTEIEHH
JKAT B OCHOBE MPENCIbHOM Hecylel CrIocoOHOCTH
CBaML.

OAO «Ces3anHTL» B 2007 r. pazpaboTano BHYT-
PEHHUI NpPOEKTHBIA CTaHIAPT OpraHU3aLMU UL JIIEK-
TpocereBoro  ctpoutensctBa  — CTO  56947007-
29.120.95-050-2010, B KOTOpPOM TpEIJIOKEHA CIEAYIO-
mas METOAMKAa OIpeleNeHus Hecyleil crnocoOHOCTH
(yHIaMEHTOB W3 BUHTOBBIX CBal B YCIOBHSAX MHOTOJIET-
HEMEP3JIbIX TPYHTOB:

Foa = 7, VC(RA + RyAsh + ) Ryf Aaf)!

rie Fg — mpexensHOE CONPOTHBIEHHE HPH NEHCTBHH
BJABNUBAIOIMX cull; Fq, — mpenensHoe compoTuBieHue
OT BIHSHUS BBIIEPTHBAIONINX CIIT; Y4t — KO3 DUIUEHT IO

TUIY CMep3aHus; Ry — pacu€THOE COMPOTHBIICHIE TPYHTA
B TIpEJIeNIax BBIICNEHHOW 00macTH; Ay — IUIOMAnb To-
BEPXHOCTH CMEpP3aHHS PACUETHOrO oS ¢ OOKOBOH II0-
BEPXHOCTBIO CBAHL.

OmmuuutensHas uepra BolpaxeHus OAO  «Ce-
B3anHTLI» coctout B yuere mpupoasl mpolecca cMep3a-
HUS TPyHTa ¢ OOKOBOM MOBEPXHOCTBIO CBAaW W BHIA MO-
BEPXHOCTH CMEp3aHus depe3 KOIPDHUIUEHT Yy,

B 2018 r. B pamkax uccnenoBanunii A.JI. HabepexHsbiit
TPEUIOKHI CBOIO POpMYITy:

Fu = yt yc (RA + Z Rsh,iAsh,i + Z Rpe6,i Apeﬁ,i cos a)!
rae Rei ¥ Aghj — COOTBETCTBEHHO, COMpPOTHBICHHE H
IUIOIIAJb PACCMATPUBAEMOTO CIIOS TPYHTa; Rye5i— naBie-
HHE Ha TPYHT MOJI TPaHbI0 pedpa; Apesi— IUIOMAIb OIH-
paHus TpaHu pedpa; o — yroi HakiIoHa pedep.

ITpu BHIMOJTHEHUH MaTEMATHUECKUX BeIYMCIeHUH A .
HabepexHblil ocob0oe BHUMaHUE yaenseT Wiary U yriy
HaKJIOHY pebep JIOMacTH BUHTOBOMH CBaH.

Takke B IOMOJNHEHHE K BHIIIE PACCMOTPEHHBIM METO-
JMKaM B WCCIECIOBAHHM YYUTHIBACTCSA (hOpMYJIa, H3I0-
xennas B CII 25.13330, 6e3 ydera BuAa TOBEPXHOCTH
CMEP3AHUS Y.

Fu = ytyC(RB AB + Z(RiAi + RIICBAIICB))'
rae R, u A, — 10 ke camoe, uTo U Ry 1 Agy (hopmyna
OAO «Dynnamentnpoek); R; u A; aHanornyno Ry u
Ast (bopmyna OAO «Ces3anHTL»); Ry 1 Ay anamo-
riu4HO Ry 1 Agy (bopmyna OAO «DyHIaMEHTIPOEKTY).

Brimeonncannas gopMyna oTaMgaeTcss ot GOpMyIIbl
OAO «Cer3anHTLl» HeyueToM Y4 1 Gasupyercs Ha pas-
JIETEHOM PaccMOTpeHHH padOThl CTBOJA W BHHTA CBaH,
TIPY 3TOM B pacyeTe 1o OOKOBOI MOBEPXHOCTH YUUTHIBA-
eTcsl IuaMeTp Tejla CBau, a PU pacueTax Moj HU30M CBau
— IHaMETp JIOTMACTH.

Heo0xommuMo 0TMETHTE, UTO TIPH BHITIONHEHIH pacye-
TOB Ha CTaTUYECKHE BBIIEPTHBAIOIINE HATPY3KU pacuer-
HOE COTPOTHUBIECHHE MHOTOJETHEMEP3NOro TPYHTa MOJ
HI30M CBaH, T. €. O] JIOTIACTHI0, OYIeT paBHO HYIIIO.

Ha ¢one Bcero BHIMIEU3TOXEHHOTO M VI TOATBEP-
KJCHIS TeTec000pa3HOCTH WCTONB30BAHAS BHHTOBBIX
(yHIaMEHTOB B YCIOBHSX KpPHONMTO30HBI TIPOBEJCH
CpaBHHUTEJBHBINA aHANM3 HEeCylIel CIOCOOHOCTH B OIMHA-
KOBBIX T'€OKPHOJIOTHYECKHX YCIOBHAX ¢ OYPOOITY CKHBIMH
METAIUTHYECKIMH CBASIMHU C OCTPHEM.

PeSyanaTbI uccnegoBsaHusa U ux chy)xneHMe

[TonyueHHble pe3ynbTaThl BBIYMCIEHHUS MPEAETBHOIO
COTIPOTHBIIEHHS CBAIHO-BUHTOBBIX (DYHAAMEHTOB Pa3HO-
00pa3HBIMI METOAMKAMHI M CPaBHEHHE C OOBIYHBIMH 0Y-
POOIYCKHBIMH METAINIMYECKUMH CBasMH ITIPECTaBIIECHbI
B BHJe Auarpamm (puc. 8, 9).

IIpenensHOE COMPOTUBIEHUE CBAil MOMYy4EHO HA OC-
HOBE PE3y/IbTATOB KOHTPOJBHBIX MCIBITAHUH TPYHTOB.
WcnpiTanus cBail npy BBIAEPTUBAIONIMX HArpy3Kax Tpe-
Kpalanuch MpU JOCTIKEHAN CYMMAapHOTO 3HAYEHHUs Jie-
(opmarmii B 10 MM, a TIpH CKUMAIOIIUX YCIHAX — 10
JOCTIKCHHS 3HAYCHHS MAKCHMAIBHBIX HArpy3oK, IpH-
HIMAEMbIX PaBHBIMH TPEXKPATHOMY 3HAUCHHIO PacyeT-
HBIX TIPOEKTHBIX HATPY30K.
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Hecywan cnocobHocTb, KH

B o CII 25.13330 ¢ momoNECHAIMA
H o MeTopEre OAQ OyHEAaMEHTIPOCKT
2 no meromaxe OAQ Cep3anHTI]
= no meromaxe HaGepexnoro AL,
B BypooImyckHEe CBAH

Puc. 8. Jluacpamma cpasnenus Hecyujell CHoCOOHOCMU C6all RO Pe3YTbMAamam Cmamu4eckux 60a8IUSaAWUx Hacpy30K
Fig. 8. Comparison diagram of the bearing capacity of piles based on the results of static pressing loads
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Puc. 9. [luazpamma cpasnenus necyweii cnocobHocmu ceaii no pe3yibmamam CmamuiecKux 6bl0epeusaloujux Hazpy3oK
Fig. 9. Comparison diagram of the bearing capacity of piles based on the results of static pulling loads

[Ipy 3TOM KaXIyl0 CTYIEHb HarpyXCHHs BBIACPXKH-
Bau 24 vaca 6e3 JTOCTHKEHHS YCIOBHOM CTaOWIM3aIliu
IPyHTa, a B JaJbHEHNIEM YYUTHIBAICS KOIPQPUIHEHT
KpaTKOCPOYHOCTH HCTIbITaHUi paBHslii 0,65.

[Ipu BIAEprUBaIONINX HATpy3Kax Ha MOCIERHEH CTy-
nieHu Harpyxenus (7-s CTyNeHb) B OOJNBIINHCTBE HCIIBI-
TaHWIl NPOM3OIIEN CPHIB CBAW, CyMMApHbIH BHIXOJ B Te-
YeHHE TEePBHIX 3—4 4acoB JOCTHTAN 25 MM, Cle/I0BaTeNb-
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HO MPH 3TOM YCIIOBHU B pacyeT MPUHUMANACh MPEAbIIY-
115 CTYNICHb HATPY/KCHHS.

[lpy BraBIMBAIOIINX HATPy3KaX HAOMIONANINCH OCATKH
cBaii o1 1 710 4 MM, a TakKe MPOCMATPHUBANACh YCIOBHAS
crabummsanus Ha 80 % ucHbITaHUI Ha KaX[0H CTyneHy,
XOTb €€ 1 HE YUMTBIBAIHU B pacueTax.

Coopysxenust u 37aHus ¢ (QyHAAMEHTaMH W3 BUHTO-
BEIX M OYpOOIYCKHBIX CBaif PacIoJOXEHBH Ha PaccTos-
Hun He Oonee yeM 100 M ¢ MICHTUYHBIMU TEOKPHONOTH-
YECKUMHU YCIOBUAMY, MOTPYKEHHUE CBail MPOUCXOUIO B
3UMHUI Mepuoj U ¢ pasHuued He OGonee 14 aHeit ¢ Mo-
MEHTa [OTPYKEHHS TIEPBON OUEpeIH.

PesynpraTsl pacueToB BHHTOBBIX CBaif MPU BBIAEPTH-
Batomux Harpyskax mo Meropuke OAO «DyHuameHT-
NIPOEKTa» MMEKT MEHbIIee 3HAUCHHE, 4eM TpHU Apyrue
METOJUKY, BCIEACTBHE HEPACCMOTPEHUS CMEp3aHUs
TPYHTA C TEJIOM CBAHL.

Pacuerst OAO «Ces3anHTL» u A.Jl. HaGepexHnoro
Ja0T Onm3kue 3HaueHus, HO Ha 20-25 % MeHbIe, yeM
no CIT 25.13330, ¢ y4eroM paboThl BHHTOBOH 4acTu U
TeJla CBaU KaK OT/IENBHOTO MEXaHH3Ma.

[lpu cxumaromux Harpy3kax pesyasratel OAO
«DyHIaMEHTIPOEKTa) TakKe MEHBIIE, YeM JAPYTHe, a pe-
synbTathl OAO «Ces3anHTL» u A.Jl. Habepexworo co-
MIOCTaBUMBI MEXY coboii 1 Gombire Ha 25-30 %, yeM 1o
CII 25.13330 ¢ momosTHEHHEM.

OcpenHEeHHBIE BEHIUHBI MPENETHHOTO COIPOTHBIIE-

HUS TP PA3ITUYHBIX BHAX HATPY3KH IPHBEICHE B Ta0I. 4.

Taonuua 4. Cpeonee 3HaueHue NpederbHO20 CONPOMuUsIie-
Husl

Table4.  Average value of the limit resistance

PesynbraTel, nmpuBencHHbIC B Tabn. 4, MOKa3BIBAIOT
MPEHMYIECTBO BMHTOBBIX CBail Haj OYpOOIYCKHBIMHU:
Hecymas CrnocoOHOCTh BHHTOBBIX OoJiblle, 4eM Oypo-
OITYCKHBIX.

CpaBHHUTENBHBINA aHANN3 HECYIIEH CIIOCOOHOCTH BUH-
TOBBIX CBAll MO OTHOIIECHHIO K OYpPOOIYCKHBIM B MpO-
IEHTHOM COJIepKaHKH [PUBEJICH B Ta0I. 5.

Taonuya 5. Conocmagnenue Hecywjeri cCnoCOOHOCMU BUH-
MOoBLIX U OYPOONYCKHBIX C6All 8 AHANOSUYHBIX
2COKPUONOSULECKUX YCLOBUAX

Table5.  Comparison of the bearing capacity of screw
and drill piles in similar geocryological condi-
tions

Mo CI25.13330 ¢ | 1)y (yupa- | OAO «Ce- | AL Habe-

JOIIOJTHCHUSAMH .
According to SP MEHTIIPOEKT B3anHTL» PEXKHBIH
. . JSC «Funda- JSC «Sev- A.D. Na-

25.13330 with addi- .
tions mental Project» | ZapNTC» berezhny

HpOLIeHT OTJIMYHS 110 OTHOIICHHUIO K 6yp00HyCKHBIM
NPH BBIIEPIUBAOIIMX Harpy3Kax
Percentage of difference in relation to the driven cast-in-situ pile
at pulling loads

22 | 40 | 11 | 7

HpOLIeHT OTJIMYHS 110 OTHOIICHHUIO K 6ypOOI'IyCKHBIM
MPH BJIABIMBAIOIIMX HArpy3Kax
Percentage of difference in relation to the driven cast-in-situ pile
under pressure loads

14 | 46 | 35 | 36

CpenHee 3HauU€HUE HECyLIEH ClIOCOOHOCTH CBait
Average value of bearing capacity

BunroBble/Screw o

éf@ IR S

= = = T =

o CII 25.13330 OAO «Dyma- T z E g2

¢ MOUOMHCHIAMU | - o rripoeKT» & [;1% 25 | 2o

H L o TN

According to JSC «Fundamental| © 2 ] g8
SP 25.13330 : 93 | =<

. P Project» vy A S5

with additions o0 = <D(. me

iz 2<%

TIpH BRIIEPIUBAIONINX Harpyskax/with pulling loads

405,5 | 199,8 | 3686 | 3564 |332,1

[pH BAABIMBAIOIINX Harpys3kax/under pressure loads

315,1 ] 147,8 | 371,1 [ 3761 [2758
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The relevance of the study lies in the problem of calculating the bearing capacity of pile-screw foundations in the conditions of cryo-
lithozone propagation under the influence of static pulling and pressing loads. Pile-screw foundations are a fairly new type in construction,
although the first mention of them dates back to the late XVIIl - early XIX centuries. This technology has proven itself from the best side. In
recent years, screw piles have gained wide popularity in the construction of various facilities, but still occupy a relatively small share in
foundation construction. The potential of this technology is poorly disclosed, the definition of load-bearing capacity in domestic standards is
not regulated.

Objective: to analyze the existing methods and develop recommendations for calculating the bearing capacity of pile-screw foundations in
cryolithozone conditions, comparing the results of calculations of the ultimate resistances of this type of foundation obtained by various
methods with full-scale field tests and drilling piles.

Methods: systematization, analysis of domestic and foreign experience in calculating screw piles in the areas of permafrost distribution;
collection and processing of materials for field testing of soils with screw piles in the area of arrangement of the Bovanenkovskoe field; per-
forming calculations of bearing capacity by various methods and comparing the results with data from field tests and drilling piles; descrip-
tion of the methodology for conducting field tests of piles in the conditions of the cryolithozone.

Results. The authors have carried out the calculations of the bearing capacity of screw piles under cryolithozone conditions by various
methods described in the literature and their comparison with the data of field tests of soils, a comparative assessment of the bearing ca-
pacity of screw piles with metal drill piles with a tip in the same geocryological conditions, revealed the advantages and disadvantages of
the methods considered and various types of pile foundations. Based on the results obtained, conclusions are drawn about the possibility
of using screw piles in cryolithozones and obtaining the necessary and sufficient information for their design.

Key words:
pile-screw foundations, cryolithozone, full-scale field tests, bearing capacity, static loads, settlement, outlet,
lateral surface, tip, blade, calculation methods, comparative analysis, permissible load, soil temperature.
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