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IPOBJEMA AHAJIN3A HAJEXKHOCTH CBAM HA BEYHOMEP3JIBIX
T'PYHTAX IIO KPUTEPUIO YCTOMYNUBOCTH

Annomayusn. Pocm memnos 21004161020 ROMeNeHUs. HANPSMYIO Gausem HA 6e30naACHOCHb
30anUll U COOPYIICEHUUl HA 6EeYHOMEP3IbIX 2pyHmax. B uccrnedosanuu paccmampueaemcs npobrema
aHANU3A HAOEHCHOCMU C8All HA 8EYHOMEP3NLIX SPYHMAX NO KPUMEPUIo YCMouyueoCmu npu 0eucmeuu
KACamenbHblX CUl MOpO3HO20 nyuenusi. Paspabomano 0ee epynnvl Memooo8 OYeHKU HAOEHCHOCIU
ceau: npu NOJHOU U OSPAHUYEHHOU CMAMUCUYECKOU UHGOpMAyuu O CIYYAUHbIX BETUYUHAX 6
MAmMemMamuyeckux Mooeusix npeoeivbHvix cocmosHull. IIpednodicenvl annpoxcumayuu 3a8uUcumMocmel
PACUEMHBIX CONPOMUBTICHUL MHOOJIeMHEeMEeP3NbIX 2PYHMOE8 CO8U2Y N0 NOBEPXHOCHU CMEP3AHUL OM
memnepamypul, KOMopwvle MO2ym OblmMb UCHONbL30BAHBL NPU OYEHKe CUTbL CMeP3aHUs, yOepicusaouleti
cearo om gvinyyusanus. Pazpabomana memoouxka KOHMpOA HAOEHCHOCMU U NPOSHO3A 001208€4HOCU
C8all HA BEYHOMEP3NbIX SPYHMAX, NO360AAOWASL 0OOCHOBAHHO COKPAMUMb 3AMPAmbl HA MEPONPUAMUSL
N0 OYeHKe HAOeHCHOCMU 8 HAYAIbHbIE NepPUuoObl IKCHIYAMAYUU, YO MONCem NO360IUMb VEeaUdUmyb
KOMUYECmEo 00ciedyemblx 30aHUull U COOPYICEHUNl NPU AHATOSUYHBIX 3aMpamax Ha o06cniedosanue
MeXHUYecKo20 COCMOSHUAL.

Knrwouesvie cnoea: naoedicrnocmo, ceas, 6eunas Mep3iomd, YCmouuusocmn, oegopmayus,
8EPOSIMHOCMb OMKA34A, 2I0OATLHOE NOMENIeHUe.

S.A. SOLOVEV!, L.A. SUSHEV!, A.A. KOCHKIN!, A.A. SOLOVEVA?
"Vologda State University, Vologda, Russia

A PROBLEM OF PILES STRUCTURAL RELIABILITY ANALYSIS ON THE
STABILITY CRITERION IN PERMAFROST REGIONS

Abstract. The increase in the rate of global warming directly affects the safety of buildings and
structures on permafrost. The research presents the problem of reliability analysis for piles on
permafrost soils by the stability criterion under the action of tangential forces of frost heaving. The two
groups of piles reliability analysis methods are developed: for complete and limited statistical data
about random variables in the models of limit states. Approximations of the dependences of the design
resistances of permafrost soils to the shear along the freezing surface on the temperature are proposed.
It can be used to estimate the freezing force that keeps the pile from buckling. The method for reliability
monitoring and durability forecasting has been developed for piles on permafrost soils. The proposed
method makes it possible to reasonably reduce the cost of reliability analysis in the initial periods,
which can increase the number of buildings and structures being inspected by the similar costs.

Keywords: reliability, pile, permafrost, stability, deformation, failure probability, global
warming.

CIIUCOK JIMNTEPATYPBI

1.  Xpycranes JI.H., JaBoiioBa V.B. [IporHo3 norersieHus KiMMaTa U €ro ydeT IPH OLCHKE Ha/eKHOCTH
OCHOBaHMH 3/1aHMI HAa BeYHOMep3JbIX rpyHTax // Kpnocdepa 3emmn. 2007. Ne 2. C. 68-75.

2. WuQ,, Zhang T. Changes in active layer thickness over the Qinghai-Tibetan Plateau from 1995 to 2007 //
Journal of Geophysical Research: Atmospheres. 2010. Vol. 115. Pp. 1-12.



3. Amnmcumor O.A., Benoayikas M.A. OueHka BIWSHHS H3MCHEHHS KIMMaTa M IErpajallidl BEYHOM
MEp3JIOTHI Ha MHPACTPYKTYPY B CEBEPHBIX perrnoHax Poccuu // Meteoposorus u ruapoiorus. 2002. Ne 6. C. 15-22.

4.  AnucumoB O.A., JlaBpos C.A. I'mobanpHOE MOTEIUICHUE U TasTHAE BEYHOW MEP3JIOTHI: OLIEHKA PUCKOB IS
npousBocTBeHHBIX 00bekToB TOK // Texnomoruu TOK. 2004. Ne3. C. 78-83.

5.  Streletskiy D., Anisimov O., Vasiliev A. Permafrost degradation // Snow and ice-related hazards, risks
and disasters. Academic Press. 2015. Pp. 303-344.

6. Malkova G.V. Mean-annual ground temperature monitoring on the steady-state-station “Bolvansky” //
Earth's Cryosphere. 2010. Vol. 14. No. 3. Pp. 3-14.

7. Oberman N.G. Contemporary permafrost degradation of the European north of Russia // Proceedings of
the Ninth International Conference on Permafrost, June 29-July 3. 2008. Pp. 1305-1310.

8. Larsen P.H., Goldsmith S., Smith O., Wilson M.L., Strzepek K., Chinowsky P., Saylor B. Estimating
future costs for Alaska public infrastructure at risk from climate change // Global Environmental Change. 2008.
Vol. 18(3). Pp. 442-457.

9. Streletskiy D.A., Shiklomanov N.I., Hatleberg E. Infrastructure and a changing climate in the Russian
Arctic: a geographic impact assessment // Proceedings of the 10th International Conference on Permafrost. 2012.
Vol. 1. Pp. 407-412.

10. Crpeneuxknit 1.A., luxmomanos H.U., I'pedenen; B.U. V3meHeHne Hecymieidl CIIOCOOHOCTH MEpP3IIBIX
TPYHTOB B CBSI3H ¢ TOTerUieHreM kinMata Ha CeBepe 3amagnoit Cubupu // Kpuocdepa 3emmmu. 2012. T. 16. Ne 1. C. 22-
32.

11. Connon R., Devoie E., Hayashi M., Veness T., Quinton W. The influence of shallow taliks on permafrost
thaw and active layer dynamics in subarctic Canada // Journal of Geophysical Research: Earth Surface. 2018.
Vol. 123(2). Pp. 281-297.

12. Akerman H.J., Johansson M. Thawing permafrost and thicker active layers in sub-arctic Sweden //
Permafrost and periglacial processes. 2008. Vol. 19. No. 3. Pp. 279-292.

13. 3ommna T.B., CamumkoB I1.H. MozgenmpoBanrne CHETOBO HArpy3KH Ha MOKPBITHE IPOMBIIUICHHOTO
spanus // Bectauuk MI'CVY. 2016. Ne 8. C. 25-33.

14. ComosbeBa A. A., ComoBbeB C.A. MeTox OIICHKH HAJCKHOCTH 3JIEMEHTOB IUIOCKUX ()epM Ha OCHOBE p-
6mokoB // Bectauk MI'CVY. 2021. T. 16. Ne 2. C. 153-167.

15. Jahani E., Shayanfar M.A., Barkhordari M.A. A new adaptive importance sampling Monte Carlo method
for structural reliability // KSCE Journal of Civil Engineering. 2013.Vol. 17. No. 1. Pp. 210-215.

16. HOgeneBuu A.M. CHCTeMHBIH NOAXOM K OICHKE HAJCKHOCTH OCTOHHBIX IUIOTHH // W3Bectus
Bcepoccuiickoro Hay4HO-HCCIIeI0BaTeIbCKOr0 HHCTUTYTa runpoTrexHuky uM. b.E. Beneneera. 2017. T. 284. C. 82-88.

17. VYtkun B.C., VYtkun JLB. OnpeneneHne HaAeKHOCTH CTPOUTENBHBIX KOHCTPYKIMK. Bomormga:
Bonoroackuii rocynapcTBeHHBIN TexHUYeckuid yHuBepcureT, 2000. 166 c.

18. Zhang J., Du X. A second-order reliability method with first-order efficiency // Journal of Mechanical
Design. 2010. Vol. 132. No. 10. Pp. 101006.

19. Melchers R.E., Beck A.T. Structural reliability analysis and prediction. John Wiley & Sons, 2018. 528 p.

20. Zadeh L.A. Fuzzy sets // Information and control. 1965. Vol. 8. Pp. 338-353.

21. Comnosser C.A. BeposTHOCTHasI OIIEHKa TPOMBIIIICHHONW 0€30IaCHOCTH TPH HETIONHOW CTaTUCTHYECKON
uHpopmanuu // besonacHocTs Tpyna B mpoMeimuieHHOCTH. 2020. Ne 9. C. 88-93.

REFERENCES

1. Hrustalev L.N., Davydova I.V. Prognoz potepleniya klimata i ego uchet pri ocenke nadezhnosti osnovanij
zdanij na vechnomerzlyh gruntah [Forecast of climate warming and account of it at estimation of foundation reliability
for buildings in permafrost zone]. Kriosfera Zemli. 2007. No. 2. Pp. 68-75. (rus)

2. Wu Q., Zhang T. Changes in active layer thickness over the Qinghai-Tibetan Plateau from 1995 to 2007.
Journal of Geophysical Research: Atmospheres. 2010. Vol. 115. Pp. 1-12.

3. Anisimov O.A., Beloluckaya M.A. Ocenka vliyaniya izmeneniya klimata i degradacii vechnoj merzloty
na infrastrukturu v severnyh regionah Rossii [Evaluation of the effect of climate change and permafrost degradation on
infrastructure in the northern regions of Russia]. Meteorologiya i gidrologiya. 2002. No. 6. Pp. 15-22. (rus)

4. Anisimov O.A., Lavrov S.A. Global'noe poteplenie i tayanie vechnoj merzloty: ocenka riskov dlya
proizvodstvennyh ob"ektov TEK [Global warming and thawing of permafrost: risk assessment for production facilities
of the fuel and energy complex]. Tekhnologii TEK. 2004. No. 3. Pp. 78-83. (rus)

5.  Streletskiy D., Anisimov O., Vasiliev A. Permafrost degradation. Snow and ice-related hazards, risks and
disasters. Academic Press. 2015. Pp. 303-344.

6. Malkova G.V. Mean-annual ground temperature monitoring on the steady-state-station “Bolvansky”.
Earth's Cryosphere. 2010. Vol. 14. No. 3. Pp. 3-14.

7. Oberman N.G. Contemporary permafrost degradation of the European north of Russia. Proceedings of the
Ninth International Conference on Permafrost, June 29-July 3. 2008. Pp. 1305-1310.



8. Larsen P.H., Goldsmith S., Smith O., Wilson M.L., Strzepek K., Chinowsky P., Saylor B. Estimating
future costs for Alaska public infrastructure at risk from climate change. Global Environmental Change. 2008.
Vol. 18(3). Pp. 442-457.

9. Streletskiy D.A., Shiklomanov N.I., Hatleberg E. Infrastructure and a changing climate in the Russian
Acrctic: a geographic impact assessment. Proceedings of the 10th International Conference on Permafrost. 2012. Vol. 1.
Pp. 407-412.

10. Streleckij D.A., SHiklomanov N.I., Grebenec V.I. 1zmenenie nesushchej sposobnosti merzlyh gruntov v
svyazi s potepleniem klimata na Severe Zapadnoj Sibiri [Changes of foundation bearing capacity due to climate
warming in northwest siberia]. Kriosfera Zemli. 2012. Vol. 16. No. 1. Pp. 22-32. (rus)

11. Connon R., Devoie E., Hayashi M., Veness T., Quinton W. The influence of shallow taliks on permafrost
thaw and active layer dynamics in subarctic Canada. Journal of Geophysical Research: Earth Surface. 2018.
Vol. 123(2). Pp. 281-297. (rus)

12. Akerman H.J., Johansson M. Thawing permafrost and thicker active layers in sub-arctic Sweden.
Permafrost and periglacial processes. 2008. Vol. 19. No. 3. Pp. 279-292.

13. Zolina T.V., Sadchikov P.N. Modelirovanie snegovoj nagruzki na pokrytie promyshlennogo zdaniya
[Modeling of the snow load on the roofs of industrial buildings]. Vestnik MGSU. 2016. No. 8. Pp. 25-33. (rus)

14. Solovieva A.A., Solov'ev S.A. Metod ocenki nadezhnosti elementov ploskih ferm na osnove p-blokov
[Reliability analysis of steel planar trusses based on p-box models]. Vestnik MGSU. 2021. Vol. 16. No. 2. Pp. 153-167.
(rus)

15. Jahani E., Shayanfar M.A., Barkhordari M.A. A new adaptive importance sampling Monte Carlo method
for structural reliability. KSCE Journal of Civil Engineering. 2013. Vol. 17. No. 1. Pp. 210-215.

16. YUdelevich A.M. Sistemnyj podhod k ocenke nadezhnosti betonnyh plotin [System approach to
assessment of concrete dams reliability]. l1zvestiya Vserossijskogo nauchno-issledovatel'skogo instituta gidrotekhniki im.
B.E. Vedeneeva. 2017. Vol. 284. Pp. 82-88. (rus)

17. Utkin V.S., Utkin L.V. Opredelenie nadezhnosti stroitel'nyh konstrukcij [Calculation of structural
reliability]. Vologda: VVologodskij gosudarstvennyj tekhnicheskij universitet, 2000. 166 p. (rus)

18. Zhang J., Du X. A second-order reliability method with first-order efficiency. Journal of Mechanical
Design. 2010. Vol. 132. No. 10. Pp. 101006

19. Melchers R.E., Beck A.T. Structural reliability analysis and prediction. John Wiley & Sons, 2018. 528 p.

20. Zadeh L.A. Fuzzy sets. Information and control. 1965. Vol. 8. Pp. 338-353.

21. Solovyev S.A. Veroyatnostnaya ocenka promyshlennoj bezopasnosti pri nepolnoj statisticheskoj
informacii [Probabilistic estimation of industrial safety with incomplete statistic data]. Bezopasnost' truda v
promyshlennosti. 2020. No. 9. Pp. 88-93. (rus)

HNudopmauus 06 aBropax:

CouoBben Cepreii AjlekcaHIPOBUY

OI'bOY BO «Bomoroackuii rocyaapcTBeHHBINH yHUBepcuTe™» (Bol'Y), 1. Bonorna, Poccus,
KaHAUIAT TEXHUYECKUX HayK, JOIEHT KadeApsl MPOMBIIUIEHHOT'O ¥ IPaXTaHCKOT'O CTPOUTENIBCTBA.
E-mail: solovevsa@vogu35.ru

CyuieB JleoHua AHapeeBu4

®I'BOY BO «Bomoroackwuii rocyIapcTBeHHBIN yHUBepcuTeT» (Bol'Y), 1. Bonorna, Poccus,
acnupaHT Kadeaphl IPOMBIIIICHHOTO U TPaX/IaHCKOTO CTPOUTEIILCTRA.

E-mail: sushevla@vogu35.ru

Kouknn Anekcanap AjnekcaHapoBHY

OI'BOY BO «Bomoroackuii rocyqapcTBeHHBINH yHUBepcuTeT» (Bol'Y), 1. Bonorna, Poccus,
JOKTOp TEXHUYCCKUX HAYK, 3aB. Kaq)eIIpOI\/’I MPOMBIINUICHHOTO U TPAXIAHCKOTO CTPOUTEILCTBA.
E-mail: kochkinaa@vogu35.ru

CoJsioBbeBa AHAcTacusi AHApeeBHA

OI'BOY BO «Bomoroackuii rocyaapcTBeHHBINH yHUBepcuTeT» (Bol'Y), 1. Bonorna, Poccus,
acIMpPaHT, aCCUCTEHT Kadeaphl MPOMBIIIIEHHOTO U IPaXKIAHCKOTO CTPOHUTEILCTBA.

E-mail: solovevaaa@vogu35.ru



mailto:solovevsa@vogu35.ru
mailto:sushevla@vogu35.ru
mailto:kochkinaa@vogu35.ru
mailto:solovevaaa@vogu35.ru

Information about the authors:

Solovyev Sergey Al.

Vologda State University, Vologda, Russia,

candidate of tech, sciences, associate professor of the industrial and civil construction department.
E-mail: solovevsa@vogu35.ru

Sushev Leonid An.

Vologda State University, Vologda, Russia,

post-graduate student of rhe industrial and civil construction department.
E-mail: sushevla@vogu35.ru

Kochkin Alexander Al.

Vologda State University, Vologda, Russia,

doctor of tech, sciences, head of the industrial and civil construction department.
E-mail: kochkinaa@vogu35.ru

Soloveva Anastasia An.

Vologda State University, Vologda, Russia,

post-graduate student, assistant of the industrial and civil construction department.
E-mail: solovevaaa@voqu35.ru



mailto:solovevsa@vogu35.ru
mailto:sushevla@vogu35.ru
mailto:kochkinaa@vogu35.ru
mailto:solovevaaa@vogu35.ru

