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Abstract: Currently, permafrost is degrading due to global warming. The destructive impact of cryogenic
processes on buildings and structures in the permafrost zone is increasing. The purpose of this study was to
predict the decrease in the bearing capacity of pile foundations of existing buildings and the resulting
deformations of the permafrost soils due to climate change. Numerical studies of the bearing capacity of pile
foundations and deformations of the base of a building erected in the 1980s in Norilsk according to the first
principle of construction on permafrost soils were carried out. Modeling showed a decrease in the bearing
capacity of the piles of the building up to 50% over 60 years (mesured since 2000). The period after which the
building will come into an emergency condition is determined. Article provides an assessment of the
effectiveness of the use of seasonally operating cooling devices to ensure its operational reliability.

Keywords: permafrost soils, cryolithozone, pile foundations, thermal stabilizers, bearing capacity of piles,
building maintenance.
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AHHOTanusi: B HacTosiee BpeMs MO MpUYMHE TI00aTbHOrO MOTEIJICHHS KIMMaTa MPOUCXOAMT AETpajalus
BEYHOM MEp3JIOTHl. YCHIMBAEeTCsl JECTPYKTHBHOE BO3AECHCTBHE KPHOTEHHBIX IPOLIECCOB HA 3JaHHs |
COOpY)KEHHs B KpUOJINTO30HE. llenblo MaHHOW paboThl SBJISIIOCH NMPOTHO3WPOBAHWE B CBS3HM C M3MEHEHHEM
KIIMMaTa CHIKEHUSI HeCyIled ClTOCOOHOCTH CBalHBIX ()YHIaMEHTOB CYIIECTBYIONIHX 3/IaHUH ¥ BBI3BAHHBIX 3TUM
nedopMannii OCHOBaHWS W3 MHOTOJETHEMEP3JNBIX TPYHTOB. BBUIM MPOBEACHBI YHCIICHHBIC HCCIICIOBAHMUS
Hecymieil ciocoOHOCTH CBaifHBIX (DyHIAMEHTOB M AedopManiii OCHOBaHUS 3[aHus, BO3BEIeHHOTo B 80-X rogax
npountoro Beka B Hopuiabcke 1o | mpuHOUIY CTPOMTENBCTBA HAa MHOTOJETHEMEP3JBIX TIPYHTaX.
MopenupoBaHue TOKa3aJl0 CHIKEHHE Hecyleil criocoOHocTH cBait 3aanust 10 50% 3a 60 ner (naunnas ¢ 2000
r.). OmpeneneH CpoK, MO MCTEUYEHHH KOTOPOro 3JaHME IpUAST B aBapuiiHOe cocTosHHe. JlaHa oOleHKa
(G (PEKTUBHOCTH MPUMEHEHHS] CE30HHO-JICHCTBYIONIMX OXJIXKIAIOIINX YCTPOMCTB JJsi O0ECHEYEHHUs ero
HKCILTYyaTalJMOHHOM HaJeKHOCTH.

KiroueBble ¢jioBa: MHOTOJICTHEMEP3IIBIC TPYHTHI, KPHOJINTO30HA, CBaliHBIC (PYHIAMEHTHI, TEPMOCTA0MIN3aTOPEI,
HeCyIIast CHocOOHOCTh CBal, SKCIUTyaTallns 3MaHUH.
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INTRODUCTION

The Earth's climate has changed throughout the
humanity’s existence. The modern warming period
began from the mid-70s of the twentieth century
and continues up to the present time [1] It is worth
noting that in the 30s—40s there was also warming,
which was especially evident in the Arctic. This led
to its rapid development at that time [2]. The Earth's
climate has changed throughout the existence of
mankind. The modern period of warming began in
the period from the mid-70s of the twentieth century
and continues up to the present time [1] It is worth
noting that in the 30s—40s there was also warming,
which was especially evident in the Arctic, which
led to its rapid development at that time [2]. An
analysis of modern research allows us to identify
five scenarios of climate change, for which the
positions of the boundaries of the distribution of
permafrost soils (PS) and the depths of seasonal
thawing are calculated. The most popular is the
scenario in which global warming will occur
relatively quickly. By the end of the 21 century, the
average temperature of the Earth's surface may
increase from 1.1 to 6.4 °C in comparison with
1990. In the northern hemisphere, where the most
rapid and significant warming will be observed, the
area of distribution of PS will decrease to 40% by
2050 [3].

The degradation of permafrost has a direct
impact on the construction sites located there
[4]. The destructive impact of cryogenic
processes on infrastructure facilities in the area
of permafrost has increased as follows: by 61%
in Yakutsk, 90% in Amderma, 42% in Norilsk
[5]. In the Norilsk region, climate warming
should be considered as a significant factor in
the occurrence of accidents, which must be
taken into account when calculating the bases in
the permafrost zone for the entire period of
construction and operation of facilities [6].

The observed wupward redistribution of
permafrost temperatures at the depth of annual
zero amplitudes is especially dangerous for
existing buildings and structures.

More than 75% of all buildings and structures in
the permafrost zone of Russia are built and
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operated according to the principle of
maintaining the frozen state of foundation soils.
That is the foundations are frozen into the soil,
and this ensures the required bearing capacity
[7]. Most urban buildings are typical panel or
brick five-nine-story  buildings on pile
foundations [8].

Thus, the relevant problem is the prediction of
deformations of the PS base and the decrease in
the bearing capacity of pile foundations due to
climate warming.

Analytical forecast of reducing the bearing
capacity of pile foundations by the middle of the
21 century [9,10 showed that at the moment for
buildings built in the 60-80s (I principle of
construction on PS), the reduction in the bearing
capacity of the pile foundation reaches 25%
(North European parts of Russia). However, it
remains at an average level (10-20%) for most
regions. By 2050, it’s a high (>30%) decrease will
be observed.

Khrustalev L.N. determined an increase in the
required depth of pile driving to ensure the
stability of buildings for the period from 1950 to
2010 for Vorkuta and to 2030 for Yakutsk due
to an increase in the temperature of the
permafrost caused by climate warming [11].
Kudryavtsev S.A. et al., propose a conceptual
basis for the model for determining the bearing
capacity of pile foundations based on studies
conducted over the past 45 years of observations
for the infrastructure facilities of the Eastern
Range of the Far Eastern Railway located on the
PS. According to this, the bearing capacity of piles
decreased by 3 times from 1990 to 2020. [12,13].
The purpose of this article is to predict the
decrease in the bearing capacity of pile
foundations of existing buildings in the conditions
of Norilsk and the resulting deformations of the
PS base in relation with climate warming.

RESEARCH METHOD

The determination of the reduction in the
bearing capacity of pile foundations and the
calculation of deformations of the PS base were
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carried out by a numerical method in the
Settlement Calculator, which is part of the Frost
3D software package.

In the Frost 3D Settlement Calculator, the
calculation of soil settlement and bearing
capacity of piles is carried out in accordance
with Chapter 7 of Building Code of Russian
Federation SP 25.13330.2012 " Soil bases and
foundations on permafrost soils". The
calculations used the modified method SP
25.13330.2012 embedded in the Calculator,
which allows performing calculations on a
three-dimensional finite-difference
computational grid and taking into account the
proportion of unfrozen water in the ground.
Determination of the deformation of the base of
the foundations performed using the numerical
solution of a stationary differential equation in

partial derivatives, which describes small
transverse deflections of a thin plate,
considering  the elastic  forces  under

perpendicular effects of external forces.

The pile foundation of a multi-storey building
with dimensions of 12x24 m, built according to
the 1 principle of construction on the PS, was
modeled. There was a ventilated underground
under the entire volume of the building. The
foundation consists of reinforced concrete piles
d = 0.35 m, buried in the ground to a depth of
13 m (piles of the extreme row) and 15 m (piles
under the middle of the building) and united by
a tape or slab grillage. The pressure from the
building to the foundation was set in the case of
a strip grillage of 204 kPa for a row of piles
under the wall in the middle of the building and
149 kPa in the case of an extreme row of piles,
for a slab grillage it was 120 kPa.

When calculating the bearing capacity and
deformations, the temperature distribution
obtained by the authors in the course of previous
studies [9,6] at the base of the building in
Norilsk, which was erected according to the I
principle of construction on PS with a ventilated
underground, was used, taking into account
climate warming (Figure 1). The bearing
capacity of pile foundations was determined by
2000 using the temperature distribution obtained
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from meteorological data. By 2021 and 2059, it
was determined considering the trend of climate
warming.

ventilated rH

underground

soil

temperature

Figure 1. Soil temperature distribution along a
pile with a length L = 16 m, d = 0.35 m, located
under the middle of the building

RESULTS

By 2021, the calculation condition for the first
limit state (ultimate state) is met. The bearing
capacity of piles exceeds the calculated load
applied to them (Figure 2), despite the decrease
by 2021 compared to 2000 of the bearing
capacity of piles of the extreme row by 13%,
piles under the middle of the building by 11%.

Figure 2. Calculation of the bearing capacity of

piles by 2021. Piles are highlighted in green in

the model. The calculation condition for the first
limit state is met

By 2040, part of the piles is predicted to lose
stability due to a decrease in their bearing
capacity caused by the predicted increase in the
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temperature of permafrost with climate warming
(Figure 3a). In comparison with 2000, a
decrease in bearing capacity was obtained by
30% and 28% for the piles of the extreme row
and piles under the middle of the building,
respectively. The calculation of deformations of
the building base was made. A settlement of 30
cm was obtained and the relative difference in
settlements was 0.047 in the transverse and
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0.016 in the longitudinal directions (Figure 3b)
due to the loss of bearing capacity by some of
the piles for the strip grillage.

By the end of the simulated time period (2059),
the bearing capacity is predicted to decrease by
52% for the piles of the outermost row, by 49%
for those located under the middle of the
building, and, in the case of a strip grillage, the
latter will lose stability.

T T T
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o

Figure 3. Loss of stability by part of the piles, caused by a decrease in their bearing capacity due to
the predicted increase in the temperature of the permafrost by 2040: a) calculation model of piles
and strip grillage, in red - piles that have lost stability; b) additional sediment received

For a slab grillage, the piles’ loss of stability is
shown in Figure 4a. Figure 4b presents the results
of the settlement calculation. The following values
of deformations were obtained: draft 62 cm,
relative difference of draft 0.035 in transverse and

e

a)
Figure 4. Loss of stability by part of the piles (red) caused by a decrease in their bearing capacity
due to the predicted increase in the temperature of the permafrost by 2059: a) calculation model of
piles and slab grillage; b) additional sediment received
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0.033 in longitudinal directions. Figure 5 shows
the general diagram of the decrease in the bearing
capacity of piles by 2059 in relation to 2000 due
to an increase in the temperature of the permafrost
with a warming climate.
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As a result, it was found decrease of bearing
capacity of the piles of the facilities built in
1981 according to principle I in Norilsk. And by
2040, the building will come into an emergency
condition. It is necessary to plan structural and
technological measures to ensure operational
reliability, as well as the organization of
geocryological and geotechnical monitoring of
such buildings.
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Figure 5. Diagram of the decrease in the
bearing capacity of piles by 2059 relative to
2000 due to climate warming

USE OF SEASONAL COOLING DEVICES

The main existing types of structures and
technologies used to prevent the degradation of
permafrost soils at the base of buildings and
structures were identified: ventilated
undergrounds (including adjustable ones) [14],
enclosing clips arranged in the base using
various technologies along the contour of the
building [15]; thermal stabilization of soils with
the help of seasonally operating cooling devices
(SOCD).

Soil thermal stabilizers, otherwise called
thermosiphons or seasonal cooling devices,
have been successfully used since the 1960s
[16, 17, 18]. The operation of such an
installation is based on a physical phenomenon -
convection. Provided that the outdoor air
temperature is lower than the ground
temperature, heat exchange takes place with the
help of a condenser and a refrigerant.
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On the example of the considered model of a
building in Norilsk, the problem was solved to
assess the effectiveness of the use of the SOCD
to prevent a decrease in the bearing capacity of
foundation piles and extend the life of the

building.
In the Frost 3D software, the use of the SDA
with the following characteristics was

simulated: the length of the above-ground part is
2 m, the underground isolated section is 3 m, the
length of the evaporator part is 10 m, the radius
of the evaporator pipe is 16.85 mm, the area of
the condenser part is 2.43 m2, the evaporator
part - 1.06 m2.

Using the Frost 3D Heat Transfer Conditions
Calculator, based on long-term meteorological
data on wind speed (Scientific and Applied
Handbook on Climate of the USSR, 1990) and
the design parameters of the condenser, the heat
exchange coefficients of the heat exchanger
finned tube with air were calculated for the
entire forecast period: 2021-2059. The decrease
in wind speed for the SDA located in the
ventilated underground was taken into account.
The layout of the JCS is shown in Figure 6. In
Frost 3D, only the evaporative part of the
condenser is graphically specified in the model.

Figure 6. Model of a soil mass containing piles
and SOCD

The technique for conducting a numerical study
was similar to that given for modeling without a
SOCD.
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In the Frost 3D program, the temperature
distribution in the soil mass was obtained with
an interval of one month for the time interval
1981-2059. It was assumed that the SOCD were
installed in 2021. Figure 7 shows the base
temperature isofields at the end of the simulated
time period (on February 2059).

Forecasting the change in the bearing capacity
of pile foundations and deformations of the
foundation from PS during the construction of
the SOCD in connection with climate warming
was carried out by a numerical method in the
Settlement Calculator of the PC Frost 3D.
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Figure 7. Temperature distribution in the soil
mass in February 2059

The bearing capacity of pile foundations was
determined after the installation of the SOCD
(2021) by 2040 and 2059 using the obtained
temperature distribution, considering the trend
of climate warming.

By 2040, the bearing capacity of the piles of the
extreme row increases by 12%, the piles under
the middle of the building - by 14% in relation
to 2000 due to the installation of the SOCD. The
calculation condition for the first limit state is
fulfilled: the bearing capacity of the piles
exceeds that applied to them calculated load.

In the period from 2041 to 2059, a decrease in
the bearing capacity of piles is again predicted
due to an increase in the temperature of the
permafrost due to climate warming. By 2059, a
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decrease in bearing capacity relative to 2000
was obtained by 7% and 5% for the piles of the
outer row and under the middle of the building,
respectively. The calculation condition for the
first limit state is met. The diagram of changes
in the bearing capacity of piles in relation to
2000 before and after the installation of the
SOCD is shown in Figure 8.

The use of SOCD guarantees the operational
suitability of buildings until the middle of the
21% in the conditions of a predicted increase in
air temperature. However, it is necessary to
consider the economic costs associated with the
limited period of their operation and the need
for replacement when making a decision on the
construction of the SOCD.
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Figure 8. Change in the bearing capacity of
piles by 2059 relative to 2000 when installing a
SDA in 2021 to prevent the degradation of
permafrost due to climate warming: a)
diagram, b) schedule
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CONCLUSION

1. Numerical modeling in the Frost 3D
program showed a decrease in the bearing
capacity of piles of a building built in Norilsk
in 1981 according to the first principle by 10%
by 2021, by 30% by 2040, by 50% by 2059
compared to 2000. The operational suitability
of the building in 2021 1is ensured (the
maximum settlement did not exceed 5 mm), by
2040 the building will be in an emergency
condition (the projected settlement will be 30
cm, the relative difference of the settlement is
0.033-0.035).

2. Modeling the use of SOCD to prevent the
reduction in the bearing capacity of foundation
piles and extend the life of a building with a
ventilated underground showed that the bearing
capacity of piles first increases by 15% by
2040 compared to 2000, and then there is a
slight decrease (5-7%). Thus, the use of SOCD
guarantees the operational suitability of
buildings until the middle of the 21st in the
conditions of a predicted increase in air
temperature.

3. It is necessary to continue research aimed at
developing scientific foundations for the
preservation of soils in the permafrost zone in
the permafrost state at the base of existing
buildings, communications and highways by
controlling the temperature regime of soils
using new technologies and constructive
measures.

REFERENCES

1. IPCC: Climate Change 2014: Synthesis
Report. Contribution of Working Groups I,
IT and III to the Fifth Assessment Report of
the Intergovernmental Panel on Climate
Change [Core Writing Team, R.K.
Pachauri and L.A. Meyer (eds.)]. IPCC,
Geneva, Switzerland, 2014, 151 p.

2. Shats M.M. Sovremennoye izmeneniye
klimata severa RF. Tendentsii 1
posledstviya [Modern climate change in

Volume 18, Issue 1, 2022

the north of the Russian Federation.
Trends and consequences] // Geolnfo:
nezavisimyy elektronnyy zhurnal — 2017.
https://www.geoinfo.ru/product/shac-
mark-mihajlovich/sovremennoe-
izmenenie-klimata-severa-rf-tendencii-i-
posledstviya-35141.shtml (data
obrashcheniya 28.01.2022)

Belolutskaya. M. A. Vliyaniye
izmeneniya klimata na vechnuyu merzlotu
1 inzhenernuyu infrastrukturu Kraynego
Severa [Influence of climate change on
permafrost and engineering infrastructure
of the Far North]: Abstract of the thesis. ...
candidate of physical and mathematical
sciences: 25.00.30 St. Petersburg, 2004. -
24 p.

Il'ichev V.A. et al. Perspektivy razvitiya
poseleniy  Severa v  sovremennykh
usloviyakh [Prospects for the development
of the settlements of the North in modern
conditions]. — Moscow: RAACS, 2003. —
151 p.

Anisimov O., Lavrov S. Global'noye
potepleniye i tayaniye vechnoy merzloty:
otsenka riskov dlya proizvodstvennykh
ob"yektov TEK RF [Global warming and
thawing of permafrost: risk assessment for
production facilities of the RF fuel and
energy complex]| // Tekhnologii TEK.
2004. No 3. P. 78-83.

Il'ichev V.A., Nikiforova N.S. Konnov
A.V. Prognoz izmeneniya temperaturnogo
sostoyaniya  osnovaniya zdaniya Vv
usloviyakh potepleniya klimata [Forecast
of changes in the temperature state of the
base of the building in the conditions of
climate  warming] //  Zhilishchnoye
stroitel'stvo. — 2021. — No 6. — P. 18-24.
DOI: https://doi.org/10.31659/0044-4472-
2021-6-18-24

Vtoroy otsenochnyy doklad Rosgidrometa
ob  izmeneniyakh  klimata i1  ikh
posledstviyakh na territorii Rossiyskoy
Federatsii [The second assessment report
of Roshydromet on climate change and its
consequences on the territory of the

147



10.

1.

12.

13.

148

Russian Federation] / Rosgidromet. —
Moscow, 2014. — 1007 p.

Shur Y. and Goering D. Climate change
and foundations of buildings in permafrost
regions. In: Margesin R. (eds) Permafrost
Soils. Soil Biology. Berlin: Springer, 2008.
vol. 16, — pp. 251-260. DOI: 10.1007/978-
3-540-69371-0 17

Nikiforova N.S., Konnov A.V.
Nesushchaya  sposobnost' svay Vv
mnogoletnemerzlykh gruntakh pri

izmenenii klimata [Bearing capacity of
piles in permafrost soils under climate
change] // Construction and Geotechnics, —
t. 12, — No 3 (2021),— P. 14-24
Nikiforova N.S., Konnov A.V. Influence
of permafrost degradation on piles bearing
capacity // Journal of Physics: Conference
Series. — 2021. — Vol. 1928. — No 012046.
DOI: 10.1088/1742-6596/1928/1/012046.

Khrustalev L.N., Pustovoyt G.P.,
Yemel'yanova L.V. Nadezhnost' i
dolgovechnost' osnovaniy inzhenernykh

sooruzheniy na vechnomerzlykh gruntakh
v usloviyakh global'nogo potepleniya
klimata [Reliability and durability of the
bases of engineering structures on
permafrost soils in the conditions of global
climate warming] // Osnovaniya 1
fundamenty — No3. — 1993. — P.10-13.
Kudryavtsev S. Numerical Simulation of
the Work of a  Low-Settlement
Embankment on a Pile Foundation in the
Process of Permafrost Soil Thawing /
Kudryavtsev S., Valtseva T., Bugunov S.,
Kotenko Z., Paramonov V., Igor Saharov
I., Sokolova N. // Transportation Soil
Engineering in Cold Regions, —Vol. 2,
Proceedings of TRANSOILCOLD 2019,
pp.73-81.

Kudryavtsev S.A. Geotechnical
monitoring bearing capacity boring pile
foundations of bridge during permafrost
degradation / S A Kudryavtsev, T Y
Valtseva, I I Gavrilov, Zh I Kotenko and N
Sokolova // Journal of Physics: Conference

14.

15.

16.

17.

18.

Nadezhda S. Nikiforova, Artem V. Konnov

Series. - 2021. - Vol. 1928. - No 012057.
DOI: 10.1088/1742-6596/1928/1/012057
Khrustalev L.N. Osnovy geotekhniki v
kriolitozone [Fundamentals of geotechnics
in permafrost zone]. -Moscow: Publishing
of Moskowy university, 2005. — 544 p.
Nuzhdin L.V. Research of effective
parameters to strengthen soil foundations
by cement-sand mixture injection method /
L.V. Nuzhdin, M.L. Nuzhdin //
Geotechnical Engineering for
Infrastructure and Development: Proc. of
the XVI European Conf. on Soil Mech. —
London, ICE Publishing Ltd, 2015. — P.
3273-3278.

Vyalov, S.S. Termosvai v stroitel'stve na
severe [Thermal piles in construction in
the north] / S.S. Vyalov, S.E. Gorodetskiy,
YU.A. Aleksandrov et al. — Leningrad:
Stroyizdat, 1984. —149 p.

Ibragimov, E.V. Prognoz napryazhenno-
deformirovannogo sostoyaniya termostabi-
lizirovannogo osnovaniya [Forecast of the
stress-strain state of a thermally stabilized
foundation] / E.V. Ibragimov, YA.A.
Kronik, V.N. Paramonov // Osnovaniya,
fundamenty 1 mekhanika gruntov. — 2018.
—No 6. —P. 36-40.

Means for Maintaining  Permafrost
Foundations. Pat. USA. N 3, 217, 791, CI
165-45 / Long E.L. — 1964.

CIIMCOK JIMTEPATYPbI

1.

IPCC: Climate Change 2014: Synthesis
Report. Contribution of Working Groups I,
IT and III to the Fifth Assessment Report of
the Intergovernmental Panel on Climate
Change [Core Writing Team, R.K.
Pachauri and L.A. Meyer (eds.)]. IPCC,
Geneva, Switzerland, 2014, 151 p.

MMan M.M. CoBpeMEHHOE HM3MEHEHHE
knuMara ceepa P®. Tewngenuuu u
nocneactsus // I'eoMH}o: He3aBUCHUMBIA
JJIEKTPOHHBIN KypHaI — 2017.
https://www.geoinfo.ru/product/shac-

International Journal for Computational Civil and Structural Engineering



Forecast of the Soil Deformations and Decrease of the Bearing Capacity of Pile Foundations Operating in the Cryolithozone

10.

mark-mihajlovich/sovremennoe-
izmenenie-klimata-severa-rf-tendencii-i-
posledstviya-35141.shtml (mara
obpamenns 28.01.2022)

Beaoayukasi. M. A. BausgHue nuzmeHeHus
KJIMMaTa Ha BEYHYI0 MEp3JoTy U
WH)XECHEpHYI0 UHOpacTpykTypy Kpaiinero
Cesepa: aBTOpedepaT nuc. ... KaHAHAATa
¢usnuko-maTemaTuueckux Hayk: 25.00.30
Canxrt-IletepOypr, 2004. - 24 c.

Nabnues B.A. m ap. Ilepcnextussl
pa3BUTHUA MOCEJIEHU Cesepa B
COBPEMEHHBIX YCIIOBHSIX. — M.:
Poccuiickas akagemus apXHUTEKTypbl H
CTpoUTENbHBIX Hayk, 2003. — 151 c.
AnucumoB 0., Jlagpos C. I'mobanbHOE
MOTEIUICHHE U TassHUE BEYHOW MEp3JOTHI:
OLICHKA PHUCKOB I IPOM3BOJCTBEHHBIX
o0vekToB TOK P® // Texnomoruu TOK.
2004. No 3. C. 78-83.

Nabuues B.A., Huxudoposa H.C.
Konnos A.B. [IlporHo3 wu3MeHeHUs
TEMIIEPATypPHOI'O0 COCTOSIHUSI OCHOBaHUS
3/1aHUSl B YCIOBUSX IMOTEIICHHUS KIMMaTa
/" KumuniHoe ctpoutenbcTBOo. — 2021, —
No 6. — C. 18-24. DOI:
https://doi.org/10.31659/0044-4472-2021-
6-18-24

Bropoi OLICHOYHBIN JIOKJIaz
Pocrugpomera 06 M3MEHEHUAX KIMMaTa U
UX  IIOCHEACTBHUIX  HA  TEPPUTOPUH

Poccuiickoit ®eneparuu / Pocruapomer. —
M., 2014. - 1007 c.

Shur Y. and Goering D. Climate change
and foundations of buildings in permafrost
regions. In: Margesin R. (eds) Permafrost
Soils. Soil Biology. Berlin: Springer, 2008.
vol. 16, — pp. 251-260. DOI: 10.1007/978-
3-540-69371-0 17

Huxudgoposa H.C., KounnoB A.B.
Hecymas CIIOCOOHOCTH cBait B
MHOTOJIETHEMEP3IIBIX IpyHTax npu

u3meHeHuu kimmarta. // Construction and
Geotechnics, — 1. 12, — No 3 (2021), — C.
14-24

Nikiforova N.S., Konnov A.V. Influence
of permafrost degradation on piles bearing

Volume 18, Issue 1, 2022

11.

12.

13.

14.

15.

16.

17.

capacity // Journal of Physics: Conference
Series. — 2021. — Vol. 1928. — No 012046.
DOI: 10.1088/1742-6596/1928/1/012046.
Xpycraaes JI.H., IIycromoiit I.II.,
EmeabsinoBa JI.LB. HanexHocte u
JIOJITOBEYHOCTh OCHOBAHWH WH)KCHEPHBIX
COOpPYKCHHI HAa BEYHOMEP3JBIX IPYHTaX B
YCIIOBUSIX ~ TJIOOANBHOTO  TOTEIUICHUS
kaumata // OcHoBaHUS U (PyHAAMEHTHI —
No3.-1993. - C.10-13.

Kudryavtsev S. Numerical Simulation of
the Work of a  Low-Settlement
Embankment on a Pile Foundation in the
Process of Permafrost Soil Thawing /
Kudryavtsev S., Valtseva T., Bugunov S.,
Kotenko Z., Paramonov V., Igor Saharov
I., Sokolova N. // Transportation Soil
Engineering in Cold Regions, —Vol. 2,
Proceedings of TRANSOILCOLD 2019,
pp.73-81.

Kudryavtsev S.A. Geotechnical
monitoring bearing capacity boring pile
foundations of bridge during permafrost
degradation / S A Kudryavtsev, T Y
Valtseva, I I Gavrilov, Zh I Kotenko and N
Sokolova // Journal of Physics: Conference
Series. - 2021. - Vol. 1928. - No 012057.
DOI: 10.1088/1742-6596/1928/1/012057
XpycrajeB JI.H. OcCHOBbl I€OTEXHUKHU B
KkpuonuTo3oHe. -M.:M3n-B0 MockoBckui
yHuBepcurer, 2005. — 544 c.

Nuzhdin L.V. Research of effective
parameters to strengthen soil foundations
by cement-sand mixture injection method /
L.V. Nuzhdin, M.L. Nuzhdin //
Geotechnical Engineering for
Infrastructure and Development: Proc. of
the XVI European Conf. on Soil Mech. —
London, ICE Publishing Ltd, 2015. — P.
3273-3278.

Bsinos, C.C. TepMmocBau B CTpOUTEILCTBE
Ha cesepe [Texcr] / C.C. Bsanos, C.O.
I'oponeuxuii, FO.A. Anexcanapos u np. —
JI.: Crpouimznar, 1984. —149 c.
HNoparumos, I.B. IIporno3 HanpskeHHO-
ne(OPMUPOBAHHOTO COCTOSTHUSI TEPMOCTA-
OMnM3MpOBaHHOTO oOcHOBaHus / O.B.

149



HU6parumos,  S.A. KpoHnuk, B.H.
[Tapamonos // OcHoBaHus, GyHAAMEHTHI U

MexaHuka rpyHToB. — 2018. — No 6. — C.
36-40.

Nadezhda S. Nikiforova, Artem V. Konnov

18. Means for Maintaining Permafrost
Foundations. Pat. USA. N 3, 217, 791, CI
165-45 / Long E.L. — 1964.

Nikiforova S. Nadezhda — RAACS adviser, senior
researcher, doctor of technical sciences, professor of “Soil
mechanics and geotechnics” department in Federal state
budget educational institution of higher education
“Moscow State University of Civil Engineering (National
Research University)”; 129337, Moscow, Yaroslavskoye
Shosse, 26, phone: +7 (495) 287-49-14 * 1425, e-mail:
n.s.nikiforova@mail.ru

Konnov V. Artem — candidate of technical sciences,
researcher at Bases, foundations and underground
structures laboratory of the Scientific-Research Institute
of Building Physics of the Russian Academy of
Architecture and Construction Sciences (NIISF RAACS);
127238, Moscow, Lokomotivnyj proezd, 21, phone:+7
495 482 4076, e-mail: artem.konnov@gmail.com

150

Hukugoposa Haoesxcoa Cepeeesna, coBetnuk PAACH,
CTapIuii HAY4YHBIH COTPYAHHUK, IOKTOP TEXHHUYCCKUX
Hayk, mpodeccop kadeapel «MexaHWKa TPYHTOB W
reorexunkay ®I'bOY BO HMY MI'CY HanmonanbHBII
HCCIIEN0BATENbCKUM  MOCKOBCKMM — TOCYJapCTBEHHBII
cTpouTenbHBI  yHEHBepcuteT, 129337, 1. Mocksa,
SpocnaBckoe mocee, 1. 26, temedon: +7 (495) 287-49-
14, 100.1425, e-mail: n.s.nikiforova@mail.ru

Konnos Apmem Braoumuposuu, KaHIAIAT TEXHUYECKHUX
HAyK, HAY4YHBIH COTPYIHHK Jiaboparopuu «OCHOBaHUSI,
(GyHIAMEHTBI ¥ TOJ3EMHBIC COOpYXKeHHs» HaydHo-
HCCIICIOBATCIILCKOTO MHCTUTYTa CTPOUTEIBHOW (DU3HKH
Poccuiickoii akageMuu apXUTEKTyphl U CTPOUTEIHHBIX
Hayk (HUHNC® PAACH); 127238, 1. Mocksa,
JlokomotuBHBI mpoe3n, A. 21, Temedor +7 495 482
4076, e-mail: artem.konnov(@gmail.com

International Journal for Computational Civil and Structural Engineering



