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AHHOTALIUA

Lens: B HacTosee Bpemst Harbosee pacpoCcTpaHEeHHBIE 3apyOeKHBIE TEOTEXHHIECKHE TPOrPAMMHBIE KOMILIEKCHI
(Midas GTS NX, Plaxis) uMeroT B cBOeM cOCTaBe MOIYIH AJS TEIIO(QHU3NUIECKOTO MOJCITHPOBAHHUS.
Termogusnyeckoe MOAETUPOBaHIE OCOOEHHO BayKHO NPU NPOSKTHPOBAHUH M CTPOUTENBCTBE HA OCHOBAHUSIX,
CIIO)KEHHBIX MEP3JbIMU TpyHTaMu. [Ipu poBejeHIN YHCIICHHBIX PACYETOB BayKHBIM SIBIISIECTCS 3Tall BeprpuKaum
MoJeNneil, B JaHHOM Ciy4ae TemIo()U3NYecKuX MOAETeH, Mep3JbIX TPYHTOB Ha MPEIMET UX COOTBETCTBUS
TEOPETUYECKUM OCHOBAM U PaCUETHBIM MPEANIOCHUIKAM, 3aJI0KEHHBIM B OT€4E€CTBEHHBIX HOpMax. C 3TOM Lenbio
OBUIO BBHIMOJTHEHO CPaBHEHHE TEOPETHUYECKUX MPEANOCHUIOK B 3apyOSKHBIX T€OTEXHUYECKUX KOMIUIEKCAX C
MIPEANOChIIKaMH, 3aJ0KeHHBIMH B makeTe Termoground, co3naHHOM Tipu ydacTuu crenuanicros ®IHOY BO
NI'YTIC (C. A. Kynpsieue, M. U. Caxapos, B. H. [TapamonoB). JlaHHBIN TTaKeT MMEET JIUTCIBHBIA OMBIT
YCTIEHIHOTO MCIIONIB30BaHUsI B NMPAKTHKE PAcUueTOB M MPOEKTUPOBAHMSA, PEaIN30BaHHBIE B HEM TEOPETUYECKHE
MIPEANOCHIIKA BEpUPHUIIMPOBAHEI U TIOTHOCTHIO COOTBETCTBYIOT TPEOOBAHUSIM OTEUECTBEHHBIX HOpM. MeToabl:
[IpoBeneHrEe TEOPETUUECKOTO aHAIN3a HOPMATUBHBIX M TEXHUYECKUX JTOKYMEHTOB 3apyOeHBIX MPOTPaMMHBIX
KOMIUIEKCOB. BEINIONHEHHE YMCIEHHOTO MOAETHPOBAHHS PeajibHbIX TEIUIOPU3MYECKUX 3a1ad. Pe3yabrarshi:
YcTaHOBIIEHO, YTO 3aBUCHMOCTH, JISKAIIIHE B OCHOBE 3apy0EKHBIX TEOTEXHUUECKHX KOMILIEKCOB, B IIEJIOM UMEIOT
T€ 7K€ TEOPETUUECKUE TIPEANOCHUIKH, YTO U OTPayKEHHBIE B OTEYECTBEHHBIX HOPMATHBHBIX TIOKYMEHTaX, TaKXkKe
TIPY YUCIIEHHOM MOJETMPOBAHUN OTMEUEHA YIOBIETBOPUTEIBHAS CXOAMMOCTh PACUETHBIX TEMIIEPATYPHBIX MOEH
B MaccuBe TPyHTa [yl peajibHBIX 33]a4 CTPOUTENLCTBA COOPYKEHUH Ha Mep3ibIX TpyHTax. IlpakTuyeckas
3HAYUMOCTB: [lomyyeHHbIE pe3ybTarThl MOTYT OBITh HCIIONIB30BaHbI B IIPAKTHKE IIPOCKTHPOBAHNUS M CTPOUTEILCTBA
JUTS 33/1aHKS TETUIO(QU3NIECKUX TapaMeTPOB TPYHTOB OCHOBAHHS [IPY MPOBEICHUH YUCICHHOTO MOJCTHPOBAHHS
TeII0pU3NIECKUX 3a/1ad ¥ aHaJI3a TEOKPHUOJIOTUUECKOM CHTyaluu B ycinoBusx Kpaiinero Ceepa.

KiarwueBble ciaoBa: YucieHHoe MOZCIUPOBAHHC, TeHJ’IO(I)I/ISI/I‘IGCKOC MOJCIUpOBaHHC, Mep3J’ILII>i TPYHT,
MHOTOJICTHEMEP3JIbIC I'PYHTBI, TCINIOEMKOCTh I'PYHTA, TCINIONPOBOAHOCTL I'PYHTA, midas.
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Beenenue

CrnefyeT OTMETHTB, YTO TIPOLIECCHI TETUIONEPEHOCA B
MEP3IIbIX IPYHTAX HECKOJIBKO CIIOKHEE, YEM B KOHCTPYK-
LIMOHHBIX MaTepuayiax, ¥ UMEIOT P CyIIECTBEHHbIX
ocobenHocteil. [Ipexie BCero 3To CBA3aHO € TeM, 4TO
TPYHT — 3TO MHOTO(a3Has Cpejia, BKIFOYAIOIIAs BOMY,
IS KOTOPOH HEOOXOMMO BBOIUTH OIMCAHHE (Pa30BBIX
npeBparieHuii [ 1, 2], mosromy Temnopundeckoe Mojie-
JIMPOBAHKE TPYHTOB TPEOYET OTIEIBHOM BEpUDHKAIAH.
B Hacrosiiee Bpems MozenupoBaHue Teruiopusnye-
CKHX 337134 IIPOM3BOAUTCS C IPUMEHEHUEM YHCIIEHHBIX
METOJIOB, CpEeIM KOTOPBIX Haubonee pacrpoCTpaHeH-
HBIM SIBIISIETCSI METOJT KOHEUHBIX JIEMEHTOB [3—6)].

C 31011 116171610 OBLIO BHIIOJTHEHO CPABHEHHUE TEOPE-
TUYECKUX MPENOCHUIOK B 3apyOSKHBIX T€OTEXHUYE-
CKHX KOMIUIEKCAX U C MPEATIOCHITKAMH, 3aI0’KEHHBIMH
B makere Termoground, CO3JaHHOM MpU Y4YacTHUH
cnenmamuctoB ®I'BOY BO IITI'VIIC [35, 6]. JlanHbrii
MOJYJIb SIBIISIETCS YacThIO MPOrPAMMHOIO KOMILIEKCa
FEM models u umeeT IIUTeNbHBINA OMBIT YCTIEHIIHOTO
UCTIOJIb30BAHUS B TIPAKTUKE PACUETOB U MPOEKTHPO-
BAHMSI, PEATM30BAHHBICE B HEM TEOPETUYECKUE MPE-
MOCBUTKM BEepH(HUIMPOBAHBI U TIOITHOCTHIO COOTBET-
CTBYIOT TPEOOBAaHHSAM OTEUECTBEHHBIX HOPM.

B oreuectBennbix HOpMax [7, 8] oOwbemHas
TEIIOEMKOCTh CKJIA/IBIBAETCA U3 ABYX KOMIIOHEHT:

Cv,eﬁ =c,+ cv,(fba?. > (1)

THE C,,C, a3 — OOBEMHAs 3 (EKTUBHAS TEIIOEM-
KOCTh M 00beMHas TerIoTa ()a30BbIX MPEBPAIIECHUH.

Beipakenue mis 00beMHO# 3G PEeKTHBHOM TETLI0-
€MKOCTH TIOJy4YaeTcsi Ha OCHOBAaHMHM HaXOXICHHS
CPEIHEB3BEIICHHOTO 3HAYEHUS YCTbHBIX TEIIOeM-
KOCTel KOMITOHEHT ((pa3) TpyHTa:

c= (csms +c,m,, + cl-ml-)/m, (2)

roe c,,c,,,c; — YyACIbHasA TCINIOCMKOCTb TBEPABIX

qacTul, BOAbI U JIbAa COOTBETCTBCHHO, m — MaccCa
BBIACICHHOT'O o0bema rpyHTa.

Ilocne psina mpeoOpa3oBaHMI BbIpa)KeHUE NS
00BbEMHOI TEMIOEMKOCTH TPYHTa MOXKHO CBECTH K
BH/IY, KOTOPBIN 1 UCIIONIB3YeTCS B HOPMAX, a IMEHHO:

Cv,eﬁ‘ =¢ tew, Tt (Wtot - Ww)]pd,f’ (3)

IIe P, ; — IUIOTHOCTb CYXOTO MEP3/IOro HIIH Talo-
IO IpyHTa; W, — CyMMapHas BIQXHOCTb MEP3JIOro
IPyHTa; W, — BIQKHOCTb MEP3JION0 IPYHTA 32 CYET
He3aMep3lieil Bojibl, ompezensemMas Ha OCHOBaHUM
3aBUCUMOCTH.

B 3apy06eskHbIX TporpaMMHBIX KoMILTekcax [9, 10]
UCTIONIB3YETCs CIIEYIOIIEE BhIpaXKeHHE ISl CyMMap-
HOI 00BEMHOI TEMI0EMKOCTH:

¢, =cp=(1-n)p,c, +n [pwcW +Lydf, / dT], 4)

e p,,p,,,P; — IIOTHOCTb TBEP/BIX YaCTHLI, BOLI U
JIbJIa COOTBETCTBEHHO, f,, = W, / W,,, — (YHKIHA OT-
HOCHTENBHOTO COZIEp)KaHMs He3aMep3Iiel BoIbl B 3a-
BUCHMOCTH OT TeMIEPaTypbl, 7# — IOPUCTOCTb IPYHTA.

W3 Beipaxenus (2) s¢dexruBHAs 00bEMHAS
TETUIOEMKOCTb (TIPH YCIOBHH MOJTHOTO BOJIOHACHIIIIE-
HUS IOp TpyHTa S = 1) MOXKET OBITH 3aITicaHa B BUJIE:

cv,eﬁ’ =cp= (1 - n)pscs +np,.c,. (5)

OyHKMsA w10 HaYala 3aMep3aHus BOIbI B
IOpax IpyHTa NPUHMMAET 3HAYEHHE W,, =W, B
JaTbHEHIIIeM Ha OCHOBAHHUH 3aBUCUMOCTH:

w, =k w (6)

rae k,, — Ko3(p(UUUEHT, IPUHUMAEMbIN 1715 [MH-
HHUCTBIX TPYHTOB B 3aBHCHMOCTH OT YHCJIa IIACTHY-
HOCTH M TEMIEpaTyphl IpyHTa no [7]; w, — Biax-
HOCTh Ha 'PAHHUIIE PACKATHIBAHUSL.

B Monenu nmpomep3aHus U OTTaMBaHUs IpyHTa
nporpaMmHoro Moxyias Termoground Ttertodusu-
YecKUe MapamMeTphl ONpeeNsoTcs HHTEepHouueit
IJ1s pa3iIMYHbIX AUANla30HOB Temreparyp [5, 6].
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JlnanazoHOM TeMmeparyp OT IOJIOKUTEIbHOM
T, = +0°C nmo temmneparypsl Hadaja 3aMep3aHUs
rpyHTa 7)., COOTBETCTBYIOLICH Hadainy 3amep3a-
HHSI CBOOOJHOM TOPOBOM Blark B KPYMHBIX TMOpax
(3ona I). Jlnamazonom temmeparyp ot 7, 10 TeM-
TiepaTyphl Hayalla 3aMep3aHus CBA3aHHOU BOABI T, .
(3ona II). 3omna II coorBercTBYeT ananason or 7
JI0 TEMIICPATyPBI MEP3IOr0 COCTOSIHMS IpyHTa T/ .
U 30Ha IV nmpaktudecku Mep3ioro rpyHTa ¢ TEMIIe-
patypoii o T, 1 HIKe.

B 3one Tanoro rpyura (3ona I), 7, > T, . O6b-
eMHas TEIUIOEMKOCTh IMPUHUMAETCS TOCTOSHHOM,
PaBHOM 3HAYEHHUIO JUIs TaJIoro rpyura, C, npuHuMa-
eTCst TIOCTOSHHOM €, ; = C,, 5 = COonst .

B 30He 3amep3anus (OTTamBaHHsS) CBOOOIHOM

Bozbl (3ona II). NPUHUMAIOTCS  TIEPEMEH-

Gy 1l
HBIMH, 3aBHCALIMMH OT TEMIepaTypsl rpyHTta 7,

(T, <T=T,<T,):

(Cth —Cf)(be _Tth)_l_

Ty =T

Coq1 =Cyeff (T)+C(ba3 =Cm

>

n L()pd (Wtot - Ww)
Ty-Te

3.C

(7)

B 30He mpomep3aroliero (0TTanBaroIIero) rpyHTa
(3ona III) u 3amep3anus (OTTauBaHHs) CBA3AHHON
BOJIBI (T&C <T'=T,<T f) OIIPENEIAIOTCSA Ha OCHO-
BaHHUHU 3aBUCHUMOCTHU

Cv,[][ = Cv,ejj" (T) + ccbaa =

(cth_cf)(Tth_Tf) dw,,
+ T, T, +L0pdd—T. ®)

=Cr

Anamu3 BeIpakeHust 11 d()PEKTUBHON Terio-
eMKOCTH TpyHTa (dopMmyna 5) Mo3BOJSIET CHETaTh
BBIBOJ| O TOM, YTO B 3apyOE€KHBIX MpOrpaMmax He
YUUTHIBAE€TCS HM3MEHEHHE TEIUIOEMKOCTH 3a CYeT
U3MEHEHHs COOTHOLIEHUS (ha3 mpH MPOMEp3aHUN —
ortauBaHud. B makere Termoground wu3meHeHue

3((PEKTUBHON TETNIOEMKOCTH YYUTBIBACTCS IMyTEM
MHTEPIOJAUMN KPAaHNUX 3HAYEHUH Ha pa3iIM4HBIX
y4dacTkax Ttemneparyp. Cieayer OTMETHTh, YTO
171 OOJBIIMHCTBA PEAIbHBIX TPYHTOB H3MEHEHHE
3((PEKTUBHON TEMIOEMKOCTH 33 CYET H3MEHEHHUS
COOTHOIIEeHHS (a3 KpaiiHe Malo B CpPaBHEHUH CO BTO-
PO ONpENENAIOMEN KOMIIOHEHTOM TETJI0EMKOCTH
TaJIOro WM MEP3JI0ro TPyHTa — TEIUIOTHI (ha30BbIX
npespauieHuil. CKkpbiTas TemoTa (a3oBbIX Mepexo-
JI0B B MHTEPBaJIC OTPULIATEIILHBIX TEMIIEPATYp PaBHA
TEIUIOTE, IMONIOIICHHOW WIM OTJAHHOW TIPYHTOM
u3-3a U3MeHeHu# (a3bl TOpoBoii BojIbL. B 3apybOesx-
HBIX IPOrPaMMHBIX KOMILJIEKCAX (CM. BBIpaXKEHUE 2)
0OBIYHO TIPEJCTABIACTCS B BUE:

df,
dT

C(I)a3 = LOWtot ’ (9)
e L, = 335 - 106 Jl/m® — Temuiora da3osbIx mpe-
BpalleHUi Bofa-Nes. JIaHHOE BHIPAKEHHE MOKHO
TIPMBECTHU K BHJLY:

dw

—w

. (10)

C(ba3 = LoPd

Anamm3 3aBucumocteid (9) u (10) mokaswiBaer,
YTO MPH ONpPEeNeTeHUH TeTIOEMKOCTU A1 (ha30BbIX
MEPEXOJ0B HCTONB3YIOTCS OJWHAKOBBIE MPEATIO-
cbUTK. OCHOBHBIM BOTIPOCOM SIBISIETCSI OTHICKAHHE
(YHKIIME OTHOCHUTENBHOTO COJEP)KaHHUS He3aMmep3-
mei Bofel f,. Jlnd ee HaXOkKIEHHA MOTYT OBITh
HICTIONB30BAaHBl MMEIONINECS B JIUTEPATYpEe MHOTO-
YUCIIEHHBIE SMITHPUYECcKUe 3aBUCUMOCTU. C TOUKH
3peHUsl COOTBETCTBHS OTEUECTBEHHBIM HOpMaMm
cleqyeT HPUHATH (YHKLUHMIO f, MO 3HAYECHUAM
ko3 duuuenta k,,. B aToM ciydae cymecTBEHHBIX
pasnuuuil Mo BeMMYMHE OOIel 0O0bEMHOM Tero-
MPOBOTHOCTHU TIPU TETUIO(PU3MIECKOM MOJIETNPOBa-
HUH MEP3JIbIX TPYHTOB HE OKHIACTCS.

B 3apy0ekHbIX Te0TEXHUYECKUX KOMILIEKCAX Ui
HaxOKIeHus — Kod(pQUIMEHTa  TEIrIOMPOBOIHOCTH
TPYHTa UCTIONB3YIOTCS (DOPMYIIBI HA OCHOBE COOTHO-
IICHUSI KOMIIOHEHT TPYHTA, aHaTIOTHYHbIe (hopmyre (2):
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Puc. 1. Koo puumeHTsI TEmI0onpoBOIHOCTH MEP3IIOTO ¥ TAJIOTO TPYHTOB!
a — B mporpamme Midas GTS NX; 6 — B mporpamme Termoground; / — pacmonoxenue Touku Ne 1;
pacronoxenue Toaku Ne 2

Mg =(1=n)A,+nS[(1- £,)A+ £\, |+
+n(1-S)A,, (11)

roe Ag,A,,A;,A, — KO3(QQUINEHT TemIonpoBo-
JHOCTH Marepuaja TBEpABIX YaCTHL, BOJbI, JIbja U
apa COOTBETCTBEHHO.

Bpruncienne TemIonpoBOAHOCTH 110 COOTHOILE-
HUIO KOMIIOHEHT IPYHTa HE COBCEM BEPHO C TOUKH
3peHnst (GU3MKM mponecca, MOCKOIbKY KpoMme Mpo-
LIEHTHOTO COCTaBa IPYHTA Ha MEPEHOC TeIla BIIH-
SAI0T €ro CTPYKTypa M TekcTypa. B maccuBe rpyHTra
MMEIOT MECTO KOHBEKIHS 1 U3ITy4eHHE IOMUMO KOH-
JTyKTUBHOTO [IEPEHOCA, I03TOMY PEalIbHbIE 3aBHCH-
MOCTU HOCAT BECbMa CIOXHbIA Xapakrtep [11]. B

COOTBETCTBUM C OTEYECTBEHHBIMM HOPMaMHM OIIpe-
nenenue Kod(pQuuueHTa TEmIoNpOBOIHOCTH OCY-
IIECTBISIETCSA B 3aBUCUMOCTHU OT IJIOTHOCTH CYXOIO
TPYHTa ¥ €r0 BIAXKHOCTH Ha OCHOBE CHELHAJIbHBIX
tabmun [7]. JlaHHBIA TOIXOM peann30BaH B MaKeTe
Termoground, B koTopoM aHanorudHo 3¢hQexTuB-
HOM TEIJIOEMKOCTH JUI Pa3INYHbIX AUANa30HOB
temneparyp (3ons! [-1V) npousBoautcs annpoxcu-
Manust TabylTMpPOBaHHBIX BEIMYHMH TETLIONPOBOIHO-
CTH TPYHTA B TAJIIOM A, U MEP3IOM A  COCTOSIHHH
AHAJIOTUYHO 3aBUCUMOCTSM IS TEIUIOEMKOCTH.
Crenryer OTMETHUTB, UTO 0 HACTOSIIET0 BPEMEHH
OTCYTCTBYET 3aBEpILCHHAs TEOPHS, MO3BOJSIOIIAS
y4ecTb M OLEHHTh BKJIAJ KaXI0ro M3 (hakTopos,
KOTOpBIE BIMAIOT HA TEIUIONPOBOJHOCTH TPYHTA,
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Puc. 2. ['patdhiikn n3mMeHeHUs pacUETHBIX TEMIIEPATYP B XapaKTEPHBIX TOUYKAX BO BPEMEHH

MOXHO IPE/ION0KUTh, YTO HEKOTOPbIE OTINYMS B
OMpE/IENICHNH TETUIONPOBOJHOCTU MEP3JIOr0 IPyHTa
HE CHUJIBHO TOBJHUSIOT HA Pe3yJbTaThl pacuera TeM-
HIepaTypHbIX MOJIEN B TPYHTE.

Jins huHANIBHOM OIEHKU BBITIONHUM COIOCTaB-
JIEHUE PEe3y/bTaToB ISl peabHO 3a/jauil Ha OCHOBE
3aMeyaHMH, yKka3aHHBIX BbIlIe. B 3anaye monenupo-
BaJICS pe3epByap AJI XpaHEHUs TOILINBA, yCTPauBa-
eMblil Ha Mep3ioM rpyHte. [logyiika B 0OCHOBaHUM
pe3epByapa HMMeEET HECKOJbKO CJIOEB Pa3IM4HBIX
MaTepHaloB, B TOM YHCIIE YTEIUTUTES.

['pyHT OCHOBaHMS MMeeT ciemyronme Qusnye-
CKHE XapaKTEepHCTUKU: TeMIlepaTypa Hadana 3amep-
saumsi 7, = 0 °C, TEIIONPOBOAHOCTB TAIOrO U
mep3inoro rpyata 175 kJlx/(cyt - M - °C); Temoem-
KOCTB Talioro 1 Mep3ioro rpynra 1700 kJIx/(m? - °C)
I[TnotHOCTH ckeneTa | r/cM?, BIaHOCTD w,, = 0,238,
TPaHKIA PACKATBIBAHHSA W, = 0,197, uncno nnacTuu-

HOCTH lp = (0,106, IOTHOCTh MUHEPATBHBIX YACTHUI]
2,66 /e,

U3 puc. 2 BUTHO XOPOIIYIO CXOIUMOCTb Pe3yIbTa-
TOB. Takum 00pa3oM, MOXKHO 3aKIIFOUHTh, YTO OOIIHE
TEOPETUYECKHE MPEANIOCHUIKH, UCTIONb3yEMBbIE B pac-
YeTax Mep3JbIX TPYHTOB C y4eToM (ha30BBIX MEpexo-
JIOB, BECbMa CXOH, TIOITOMY 3apyOeKHBIE T€OTEXHH-
YeCKUE MPOTrpaMMbl IPUMEHUMBI TIPU MOJICTTUPOBAHUH
TEMIIEPATYPHBIX 3a]1a4 B MEP3JIbIX TPYHTaX.
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Summary

Purpose: Currently, the most prevalent foreign geotechnical software systems (Midas GTS NX, Plaxis) include
modules for thermophysical modeling. Thermophysical modeling is especially important in the design and
construction on foundations composed of frozen soils. When carrying out numerical calculations, an important
stage is the verification of models, here thermophysical models, of frozen soils for their compliance with
theoretical bases and calculation prerequisites, underlying in domestic standards. For this purpose, a comparison
was made of theoretical prerequisites in foreign geotechnical complexes with prerequisites underlying in
Termoground package which was created with the participation of specialists from the Federal State Budgetary
Educational Institution of Higher Education Petersburg State Transport University, PGUPS [Kudryavtsev S.A.,
Sakharov L.I., Paramonov V.N.]. This package has a long background of successful use in the practice of
calculations and projection; the theoretical premises, implemented therein. are verified and fully comply with
the requirements of domestic standards. Methods: Conducting theoretical analysis of regulatory and technical
documents of foreign software systems. Performing numerical simulation of real thermophysical problems.
Results: It has been established that dependences underlying foreign geotechnical complexes, in general, have
the same theoretical prerequisites as those reflected in domestic regulatory documents; also, at numerical
modeling, a satisfactory convergence of the calculated temperature fields in a soil mass for building construction
real tasks on frozen ground was noted. Practical importance: The obtained results can be used in the practice
of design/construction for to set thermophysical parameters for foundation soils in the course of numerical
modeling of thermophysical tasks and analysis of geocryological situation of the Far North conditions.

Keywords: Numerical modeling, thermophysical modeling, frozen soil, permafrost soils, soil heat capacity,
soil thermal conductivity, midas.

References processes|. Reologiya gruntov i inzhenernoe merzlo-

1. Nevzorov A. L. Fundamenty na sezonno-
promerzayushchikh gruntakh [Foundations on sea-
sonally freezing soils]. Moscow: ASV Publ., 2000.
152 p. (In Russian)

2. Tsytovich N. A. Mekhanika merzlykh gruntov
[Mechanics of frozen soils]. Moscow: Vyssh. Shkola
Publ., 1973. 448 p. (In Russian)

3. Kronik Ya. A. Termomekhanicheskie modeli
merzlykh gruntov i1 kriogennykh protsessov [Ther-
momechanical models of frozen soils and cryogenic

tovedenie [Rheology of soils and engineering perma-
frost]. Moscow: Nauka Publ., 1982, pp. 200-211. (In
Russian)

4. Kronik Ya. A., Demin 1. I. Raschety tempera-
turnykh poley i napryazhenno-deformirovannogo
sostoyaniya gruntovykh sooruzheniy metodom
konechnykh elementov [Calculations of temperature
fields and stress-strain state of soil structures by the
finite element method]. MISI [MISI]. Moscow: 1982.
102 p. (In Russian)

ISSN 1815-588X. M3sectma MIYrc

20222



366

ObLeTexHNYeckme 3a8adum 1 NyTU UX peLLeHUs

5. Kudryavtsev S. A., Sakharov I. 1., Paramo-
nov V. N. Promerzanie i ottaivanie gruntov (prak-
ticheskie primery i konechnoelementnye raschety):
Gruppa kompaniy «Georekonstruktsiya» [Freezing
and thawing of soils (practical examples and finite
element calculations): Georeconstruction Group of
Companies]. St. Petersburg, 2014. (In Russian)

6. Paramonov M. V. Napryazhenno-deformiro-
vannoe sostoyanie sisteny «osnovanie — sooruzheniey
pri neodnomernom promerzanii. Kand. Diss [Stress-
strain state of the "base — structure" system dur-
ing non-one-dimensional freezing. Cand. Diss]. St.
Petersburg, 2013. 12 p. (In Russian)

7. SP 25.13330.2020 «SNiP 2.02.04-88 Osno-
vaniya i fundamenty na vechnomerzlykh grun-
takhy — utv. Ministrom stroitel'stva i zhilishchno-
kommunal'nogo  khozyaystva RF Ne915/pr ot
30.12.2020 g. [SP 25.13330.2020 "SNiP 2.02.04-
88 Bases and foundations on permafrost soils" —
approved. Minister of Construction and Housing and
Communal Services of the Russian Federation No.
915 / pr dated December 30, 2020]. Moscow: FAU
«FTsS» Publ., 2020. 135 p. (In Russian)

8. RSN 67-87. Inzhenernye izyskaniya dlya
stroitel'stva. Sostavlenie prognoza izmeneniy temper-
aturnogo rezhima vechnomerzlykh gruntov chislen-
nymi metodami — utv. Postanovlenie Gosudarstven-
nogo komiteta RSFSR po delam stroitel'stva Ne152 ot
20.08.1987 g. [RSN 67-87. Engineering surveys for
construction. Prediction of changes in the tempera-
ture regime of permafrost soils by numerical meth-
ods - approved. Decree of the State Committee of the

RSFSR for Construction No. 152 dated August 20,
1987]. Moscow: Gosstroy RSFSR Publ., 1987. 80 p.
(In Russian)

9. Il'ichev V. A., Mangushev R. A. Spravochnik
geotekhnika. Osnovaniya, fundamenty i podzemnye
sooruzheniya [Handbook of geotechnics. Founda-
tions, foundations and underground structures]. Mos-
cow: Assotsiatsii stroitel'nykh vuzov Publ., 2014.
728 p. (In Russian)

10.MIDAS. Available at: https://www.youtube.com/
watch?v=qdm1ZqeC67s (accessed: May 13, 2022).

11.Vavrinyuk T. S. Primery temperaturnykh
raschetov v PK PLAXIS. XIII konferentsiya pol'zo-
vateley PLAXIS, oktyabr' 2020 [Examples of tem-
perature calculations in the PLAXIS PC. XIII
PLAXIS User Conference, October 2020]. OO0
«NIP-Informatikay. Sistem. Trebovaniya: Power-
Point [NIP-Informatics LLC. System. Requirements:
PowerPoint]. Available at: https:/www.plaxis.ru/
content/uploads/2020/11/RPUM-2020-Vavrinyuk-T-
S.pdf (accessed: May 13, 2022). (In Russian)

Received: May 06, 2022
Accepted: May 24, 2022

Author’s information:

Konstantin V. SLIVETS — PhD in Engineering,
Professor Assistant; kslivez@yandex.ru

Svetlana S. KOLMOGOROVA — PhD in Engineering,
Professor Assistant; kolmogorovsg@list.ru

Ilya A. KOVALENKO - Postgraduate Student;
ilyako27@mail.ru

2022/2

Proceedings of Petersburg Transport University



