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Abstract. The present buildings of the Russian station Vostok (East Antarctica) began to operate in 1963 and have
been under snow for many years. In connection with the extensive plans to study the subglacial Lake Vostok, it
was decided to build a new wintering complex. Since there is a thick snow-firn layer in the construction area, the
building of the complex requires solid foundations measuring 200x120 m. It was decided to build them by means of
layer-by-layer snow compaction. Based on the approximate weight of the complex of 2 500 tons, its operation time
of about 30 years, and the estimated pressure of the station supports on the snow cover of 100 kPa, the foundations
slab must have a density of at least 550 kg/m?, and the hardness of the coating of more than 0.5 MPa. In developing
the methodology of constructing the slab for the new wintering complex, the method of layer-by-layer snow
compaction was taken as the basis, developed for the construction of airfields on deep snow and suitable for taking
heavy aircraft on wheeled landing gear. Experimental snow compaction was carried out using various caterpillar
tracks, after which stamp tests of snow surfaces with different initial snow characteristics were performed. The
bearing capacity of the foundations was assessed by calculating the vertical mechanical stresses on their lower
surface, which are formed by the pressure of the station supports. The strength characteristics of the snow were
assessed by direct measurements using the Brinell method and with the help of a mechanical press based on the
samples taken and a penetrometer. Ultimately, the density of the snow layers in the upper part of the foundations
reached 650 kg/m?®. In addition to the base layer, 9 additional layers were formed. The first eight were formed in
the summer 0f 2019/20, and the last one in January 2022. The total thickness of the foundations exceeded 3 metres.
Upon their construction, the average surface excess relative to the natural snow cover was 210 cm. Based on the
rate of snow accumulation, as well as the subsidence of the station supports and foundations into the snow mass,
the foundations surface will equal the level of natural snow cover in approximately 30 years.
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Introduction

During the Second Comprehensive Antarctic Expedition, the domestic inland Vostok
Station was opened near the South Geomagnetic Pole on December 16, 1957. In addition
to many multidisciplinary, primarily glaciological research programmes, core drilling began
in 1970 [1]. After the discovery of a unique natural phenomenon — the subglacial Lake
Vostok [2, 3] — studying this Antarctic area became especially important and relevant.
Russia undertook systematic research with the great advantage of having a wintering station
and annual logistic traverse. The main emphasis was on remote geophysical work, which
included the seismic-reflection method and radio-echo sounding. The results made it possible
to identify the features of the glacier structure, subglacial relief, and depth structure of the
Vostok Lake area, as well as to measure the water layer thickness [4—6]. The penetration
into Lake Vostok on February 5, 2012 [7] was the greatest event in the study of Antarctica
and allowed the investigation of the body of water by direct methods, i.e., a direct study of
the lake water [8, 9], with the study of the bottom sediments in sight. A general overview
of the studies performed and planned is given in our paper, this issue [10].

The current Vostok Station housing complex has been under a layer of snow up to
6 metres thick for many years. These buildings were constructed between January and June
1963 [11]. The materials used for the construction are in a gradually deteriorating condition.
The station operates all the year round, including winter, when access is virtually impossible.
However, with the forthcoming intensification of research work, which is planned following
Measure No. 21, “Comprehensive studies of the subglacial Lake Vostok and paleoclimate of
the Earth in the area of the Russian Antarctic Vostok Station”, “Action Plan for implementing
the Strategy for Development of Activities of the Russian Federation in the Antarctic until
20307, approved by the Russian Government on June 30, 2021, No. 1767-r, the lack of
modern living and laboratory facilities becomes evident. Therefore, it was decided to build
a new wintering complex (NWC) at the Vostok Station, which will be close to the buildings
of the currently operating station and eventually replace it (Fig. 1).

Fig. 1. Location of the new buildings of the Vostok Station [12]

Puc. 1. Cxema pacnonioxeHust HOBBIX KOPITycoB cTaHInu Bocrtok [12]
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The main difficulty is that the Vostok Station is located in central Antarctica. This
region, according to the classification of glaciers [13], is a zone of dry snow with a snow-firn
thickness of about 100 m [14] and a total glacier thickness of more than 3 700 m [5]. The
density of the surface snow layer averages 350 kg/m? [15, 16]. The thickness of the snow-
firn strata at the construction site is also significant, due to which, at the stage of the NWC
Vostok project development, the question arose of constructing preliminary foundations.
In choosing the material, various options were considered, including construction from
frozen ice through layer-by-layer pouring of water and from reinforced concrete structures.
All of these methods were rejected as they required enormous resources. In the end, it
was decided to build the foundations of the station from compacted snow [12] since
this method was thought to be the most reliable and economical, especially considering
the difficulties of transporting materials and equipment to central Antarctica. Similar
stations — Amundsen-Scott (USA) and Concordia (Italy-France) are built on compacted
snow. Based on the authors’ knowledge, this will be the first attempt to construct such
special foundations for a capital structure in Antarctica.

This work aims not only to communicate to the scientific community the main
aspects of the construction of the NWC Vostok foundations, but also to present the results
of experimental tests and characteristics of the snow cover and foundations for possible
use in the future.

Methodology for the construction of the NWC Vostok foundations

In developing the methodology for building the NWC Vostok foundations slab
(FS), the layer-by-layer snow compaction method developed for constructing airfields
on deep snow, suitable for taking heavy aircraft with wheeled landing gear, was taken as
the basis [17]. It is used to build snow-ice runways with a density of snow-firn material
over 600 kg/m® and a hardness of more than 1 MPa. The technique of building such
runways was adapted for coastal Antarctic stations, where the surface temperature of the
snow during the warm period is close to the phase transition temperature. However, the
snow surface temperature in the Vostok Station area does not exceed —25 °C, even in the
summer months. During the 2006-2008 field seasons, experimental and methodological
work was carried out to determine the possibility of compacting the cold snow to create
an airfield suitable for taking wheeled aircraft. The work was carried out in the area of
the existing airfield, which can only take aircraft with ski landing gear. Experimental
snow compaction was carried out using the tracks of different tractors, followed by
stamping tests of snow surfaces with different initial snow characteristics. The results
obtained [18] formed the basis for developing a technique for constructing the NWC
foundations. In particular, dependencies of the snow density on the impact on the snow
cover were obtained. They are shown in Fig. 2. The uniaxial compression strength of
the snow was measured using a mechanical press. A total of 50 plate load tests were
conducted. The hardness of the compacted snow was measured with a penetrometer
with a fracture energy of 8.5 J [17]. Its strength was measured on cylindrical specimens
9 c¢cm in diameter and 16 cm long on a hydraulic press with a dynamic range of 0.2 to
1.5 MPa. The press was calibrated with a precision DOSM-3-1 dynamometer with
a dynamic range from 0.1 to 10 kN. A total of 300 measurements were made on the
samples. Their accuracy is estimated to be no worse than 2 %. Fig. 2 shows the averaged
data for different initial snow characteristics.
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Fig. 2. Dependencies of the density of the compressed snow on the pressure (a) and the snow strength
on density (b)

Puc. 2. 3aBUCHMOCTH IIOTHOCTH 0OPa3yIOIIErocsi CHera OT OKa3aHHOTO HA HEro JaBleHUs (a) U
MIPOYHOCTH CHETa OT €ro IIOTHOCTH ()

The density of the natural snow cover was measured using the VS-43 weight snow
meter, and the density of the compacted snow was measured using samples obtained from
the core samples. The density variation of the natural snow cover did not exceed 10 %.

Fig. 3 shows the dependence of the depth of impact on the snow cover of the applied
stamp pressure P for different snow densities p and its hardness o, obtained as a result of
the plate load tests. The depth of impact refers to the depth of the snow layer in which the
physical and mechanical characteristics of the snow changed after the mechanical impact.
The experiments were carried out on the snow airfield of the Vostok Station, designed for
planes with ski landing gear, where the snow is of varying densities. The impact depth
was measured for compacting devices, and the impact time on the snow cover was several
tens of seconds. The experiments aimed to examine the possibility of compacting cold
snow to a certain density and, consequently, strength.

u o N
o O o

N W
o o

Depth of impact, cm
B
)
P AN I I I NI B

[y
o

o

0 500 1000 1500
Stamp pressure, kPa

Fig. 3. Depth of impact on the snow depending on stamp pressure for various initial snow
characteristics: / — p =420 kg/m?, 6 = 0.045 MPa; 2 — p = 500 kg/m?, 6 = 0.2 MPa; 3 — p =
580 kg/m?®, 6 = 0.45 MPa.
The vertical dotted line shows the maximum possible pressure (P = 0.35 MPa) on the surface exerted by the
sealing devices
Puc. 3. IltyOuHa Bo3aeiCTBHS HA CHEXKHBIHM OKPOB B 3aBUCHUMOCTH OT JIaBJICHUS IITAMIIa IS pa3-
JIMYHBIX UCXOIHBIX XapaKTEPUCTHK CHEXKHOTO oKpoBa: / — p =420 kr/m?, 6 =0,045 MIla; 2 —p =
500 xr/m?, 6 = 0,2 MIla; 3 — p = 580 xr/m®, 6 = 0,45 MIIa.
BeprukaibHOM TyHKTHPHOM JIMHHEH HOKa3aHO MaKCHMaIIbHOE BO3MOXKHOe taBienue (P = 0,35 Mna) na hopmupyemyro
TIOBEPXHOCTDb, OKa3bIBACMOEC YIUIOTHAOLIIMM yCTpOﬁCTBOM, HMEIOLIMMCS B PACIIOPSPKEHHUHU CTPOUTEIILHOIO OTpsiJia
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Based on the compactor capabilities, the maximum thickness of the snow layer to
be compacted was selected. A mandatory condition was sealing the layer over the entire
thickness, which means the thickness of the layer should not exceed the exposure depth.
The FS snow layers were applied using the Késsbohrer Pisten Bully Polar 300 (Fig. 4a).
After that, due to mixing the snow, its density increased from the initial value of 350 kg/m?
to 420 kg/m?*. The main device to compact the FS snow layers was a compaction platform
designed and built to create snow aerodromes suitable for heavy-wheeled aircraft. It received
a patent for invention [19].

Fig. 4. Fragment of the foundations slab for the new buildings of the Vostok Station (a) and the top
view (b).

The compaction of the snow layer by a special platform towed by a heavy artillery tractor is shown in the background
of section a. In section b: 1 — the eastern part of the foundations (intended directly for the new buildings); 2 — the
western part of the foundations; 3 — the temporary glaciological laboratory. The photos are by K.A. Ovchinnikov

Puc. 4. ®parment co3nanns mwutsl Gpynaamenta H3K Bocrok (a) u Bua cBepxy Ha Hee (b).

VrI0THEHHE HAHECEHHOTO CHE)KHOTO CIIO0S CIIeLHAIbHOMN MIaropMoit, OyKCHPyeMOi apTHILIEPHIICKIM TSDKEITBIM
msiradoM (ATT), npeacraBieHo Ha 3aJHeM MU1aHe cexuuu a. Ha cexuun 6: 1 — Boctounas dacts [1D pazmepom
200%x60x3 M (npeaHa3HaY€Ha HETIOCPEACTBEHHO [uIst pacrionoxenus moxyneit H3K); 2 — 3anannas yacts 110,
pazmepom 200x60%2 M (ms mononHuTenbHON nHdpactpyktypsl H3K); 3 — BpemeHHas DsipoIorHyeckast
naboparopusi. Poto K.A. OBunHHHKOBA

Foundations slab construction technology and main results

The horizontal dimensions of the FS were determined by the design dimensions
of the NWC, as well as the accompanying infrastructure (fuel storage, etc.). In addition,
we considered the possibility of working on it with construction equipment on the
entire perimeter of the NWC under construction. The horizontal dimensions of the FS
were 200x120 m. The FS thickness was calculated based on the main functions of the
foundations: to withstand the load from the plant supports and to ensure a higher position
of the NWC relative to the surrounding natural snow cover over a long period (about 30
years). Several factors cause the gradual deepening of the NWC over time: (1) natural
snow accumulation in the area, which is about 7.2 cm/year [15, 16]; (2) sinking of the
station supports into the FS body, due to the compression creep of the snow material under
prolonged exposure to mechanical stress and (3) sinking of the FS into the underlying
snow cover, also due to compression deformation of the snow under prolonged mechanical
impacts of the total weight of the FS and NWC.

At the initial stage of construction, after selecting the FS location, the natural snow
cover was compacted by heavy artillery tractor (HAT) caterpillars, with their pressure on
the snow at about 45 kPa. Compaction was carried out on the entire site of the prospective
FS. As a result, the snow surface lowered by about 50 cm relative to the surrounding
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terrain, and the density of the snow surface of the site to a depth of 40 cm increased from
350 kg/m® to 470 = 20 kg/m>. Below 40 cm, the density of the snow changed insignificantly.
Thus, a basic FS layer was created. Further, the snow layers applied to the foundations site
were compacted by HAT tracks and the compacting platform. When the snow layers were
applied, geodetic control of their thickness and horizontality was carried out. The ground
control of the marks was carried out by a Trimble R10-2 GNSS receiver (Trimble Inc.,
USA) in real time over a 10x15 m network. The height mark was taken on the calculation
of +30 cm from the average height of the previous compacted layer. The snow layers were
applied with the Késsbohrer Pisten Bully Polar 300 (PB-300). In one trip, it could take up
to 4 m® of snow, which was evenly distributed at the FS construction site. Snow was taken
from the surrounding area at 50 to 150 m from the construction site. One transporter PB-
300 took 7 days to apply a snow layer of 30 cm thickness on the entire area of 200x120
m. The work was carried out only during the daytime because the air temperature dropped
below —30 °C at night, which was unacceptable for the operation of the blade’s hydraulic
system. In general, according to the NWC design, the foundations surface was to consist
of two sites located at different levels. The western part of the 20060 m FS is one metre
lower than the eastern part of the same size FS (Fig. 4). Given the dispersion of vertical
stresses with depth under the station supports, the lower FS layers were not compacted as
thoroughly as the upper ones. The lower FS layers were compacted once, at most twice,
unlike the upper layers, which were compacted repeatedly.

The FS surface in the first construction phase was divided into two equal parts
measuring 200x60 m to save time and for more efficient use of the technology. On one of
the FS sites, the compacted snow layer was applied and on the other already compacted
layer, another snow layer was applied. Fig. 4a shows a photo of the snow layer compaction
section with a platform weighing 9 tons, towed by a HAT with simultaneous application
of the next snow layer by the conveyor blade on the other half of the FS.

In the second phase of construction, after the FS reached a thickness of two metres,
the application of snow layers and their subsequent compaction was carried out only on
the eastern half of the FS. All the foundations work was done during the two summer
field seasons of 2019/20 and 2021/22. No work was performed during the 2020/21 season
for technical reasons.

During the work, the maximum pressure exerted by the compaction platform on the
snow surface was 0.35 MPa. As follows from Fig. 3, the maximum depth of impact on the
snow cover at a snow density of 420 kg/m? is 30 cm. Based on this value, the maximum
thickness of the applied snow layer was selected, which should not be exceeded. It took 10
to 12 hours for the HAT caterpillars to compact the newly applied snow layer over the entire
FS area once. It took at least 14 hours to compact the snow layer with a platform towed
by an PB-300 transporter over the entire FS area. In compacting, the speed of the towed
device should not exceed 5 km/hour because any increase above this speed may destroy the
snow cover [20], i. e., the compacted snow may be thrown out from under the skids of the
compacting platform. Eventually, the density of the snow layers in the upper part of the FS
reached 650 kg/m® to a depth of 2.5 m. In addition to the base layer, 9 layers were formed.
The first eight were formed in the summer of 2019/20, and the last one in January 2022. The
total thickness of the FS, including the base layer, under the NWC modules exceeded 3 m.

A temporary glaciological laboratory was organized near the construction site to
obtain the main characteristics of the resulting FS snow material. The density and uniaxial
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compressive strength were measured using cores taken from the FS body. The hardness
of FS snow layers was measured using a penetrometer directly on the FS. Fig. 5 shows
the averaged vertical distribution of the density and the uniaxial compressive strength of
the snow material inside the FS body on its eastern part, which is intended directly for
the location of the Vostok Station modules.
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Fig. 5. Density and strength distribution of the compacted snow in the eastern part of the foundation
slab.
1 — strength of the compacted snow layer for uniaxial compression, 2 — snow density
Puc. 5. Pacnpenenenue IIIOTHOCTH U IIPOYHOCTH CHEKHOTO MaTepuajia B BOCTOUHOH 9acTH IUIHTHI
¢ynnamenta H3K.

1— TIPOYHOCTH CHEKHOT'O IMOKPOBA HA OAHOOCHOE CXKAaTHUE, 2 — IJIOTHOCTH CHETa

The measurement data presented in Fig. 5 were obtained from cores sampled at the
FS in early February 2022. The uppermost ninth layer, formed in January 2022, has much
less strength due to the short time that has passed since its formation. The strength of the
compacted snow layer increases gradually over a long period, which is due to the slow
process of diffusion sintering of the compacted snow granules [21]. In constructing the FS,
an experiment was conducted to measure changes in the strength of the compacted snow
layer over time. At the western FS site, where no additional layers were applied after the
completion of the first phase of construction, the hardness of the compacted snow layer
was measured daily with a penetrometer. The density of the layer investigated increased
immediately after compaction and reached 640 kg/m?, and the hardness actually initially
decreased. Fig. 6 shows the change in the hardness of the compacted layer over time.
Measurements were taken daily for 15 days in January 2020. Further measurements were
not carried out because the seasonal work at the Vostok Station finished. In the following
year, no work was carried out in the Vostok Station area for technical reasons. After two
years, the work resumed and the measurement of the hardness of the FS was carried out

Arctic and Antarctic Research. 2024;70(4):525-540. 531



C.I1. Ilonaxos, C.B. [lonos, A.B. Knenukos
OcHOBHbIE aCTIEKTHI CTPOUTEIBCTBA CHEKHOTO (PYHIAMEHTA /ISl HOBBIX KOPIYCOB poccHiicKoii cranumu BocTok...

w1
o
o

400
300

N
o
o

Hardening rate, kPa

cd L by by
~N

=
o
o o

2 4 6 8 10 12 14
Time, days
Fig. 6. The hardening rate of the compacted snow.
The average snow temperature during the measurement period was —32 °C.
Puc. 6. Pe3ynbrarhl SKCrIepUMEHTa 110 CKOPOCTH 3aTBEP/EBAHUS YIITIOTHEHHOT'O CHETa.

CpenHsis TeMIieparypa CHera 3a nepuoj u3MepeHuii cocrasmna —32 °C

again in the same place with the same penetrometer. It was found that after two years
the hardness of the compacted snow material almost doubled and reached 1 MPa. The
hardness of the layer was measured once at 30 points evenly across the FS surface. The
variation did not exceed 5 %.

Bearing capacity of the foundations slab

The FS bearing capacity was assessed by calculating the vertical mechanical stresses
on its lower surface, formed by the pressure of the station supports. If the dissipation of the
mechanical stresses on the lower surface of the FS does not exceed the carrying capacity
of the natural snow cover on which it rests, then the FS bending deformation will not
occur, and, as a consequence, its destruction will not follow. This calculation method is
an upper estimate of the sufficient thickness of the FS to withstand the NWC load. The
estimated pressure of the station supports on the snow cover is 100 kPa. The hardness of
the snow material that makes up the FS must be at least higher than the pressure of the
station supports. The dispersion of the vertical mechanical stresses in the FS body with
depth will depend on the strength characteristics of the material forming the FS. They
are shown in Fig. 5.

A rough estimation of the dissipation of the vertical mechanical stresses was
made from the results of a plate load test on compacted snow [18]. A stamp with
a different pressure impacted the pre-compacted snow cover with known mechanical
characteristics. In this case, the depth of the impact on the snow cover studied was
measured. In particular, at its density of 500 kg/m? and the corresponding uniaxial
compressive strength of 0.2 MPa, a pressure of 0.8 MPa was exerted on the snow. The
impact depth was 40 cm. This means that at a depth of 40 cm, the mechanical stress
from the stamp fell to the strength of the snow cover studied and amounted to 0.2 MPa.
Fig. 3 shows the dependencies of the impact depth on the applied stamp pressure for
some snow cover characteristics. These tests were conducted between 2006 and 2008.
The FS was stronger since the coating density was higher than in the stamp tests. By
conducting about 50 experiments with different stamp pressures, a curve of mechanical
stress dissipation with depth was obtained for certain snow cover characteristics. For
example, Fig. 7 shows the vertical stress dispersion curve for a snow cover with a density
of 500 kg/m?® under the stamp at a surface pressure of 100 kPa.
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Puc. 7. Ocnabnenne BepTHKAIbHBIX MEXaHUYECKUX HAPSDKEHUH ¢ ITyOHMHOM U151 CHEXKHOTO IOKPOBa
mw10THOCTHIO 500 kr/m? o manusiM 2006-2008 T

The results of the experiments presented in Fig. 7 were obtained in 2006-2008 at
the airfield of the Vostok Station, where there were snow layers of different densities
and thicknesses. The values presented on the graph agree well with similar data on the
dissipation of vertical stresses under the IL-76 landing gear, given in [17]. The greater the
strength of the snow material investigated, the faster the vertical stresses under the stamp
dissipate with depth. If one imagines an FS of infinite thickness, then at a certain depth,
the vertical stresses from the station supports will reach their minimum value, equal to
the ratio of the station’s weight to the FS area, and will be 1 kPa for NWC Vostok. If the
FS thickness is not less than the calculated depth where the vertical stresses will be less
than the strength of the natural snow cover on which the FS rests, the latter is safe against
collapse. The strength characteristics of the natural snow cover in the NWC construction
area were evaluated by direct measurements using the Brinell method [22]. Fig. 8 shows
a diagram of the experiment.

The measurements were made by embedding spherical objects of two different
diameters into the natural snow cover. The force applied to the objects and the size of
the spherical indentation imprint were measured. The hardness of the snow layer tested
was calculated using the Brinell formula [23]:

P
nDh’
where o is the Brinell hardness of the snow cover, P is the impact force on the sphere, D is
the sphere diameter, / is the sphere immersion depth in the snow cover. The minimum
hardness of the natural snow cover, measured at 30 points by pressing a spherical object
into the natural snow cover at the construction site, was 10 kPa. The measurement points
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Fig. 8. Scheme of the experiment measuring the strength characteristics of natural snow cover by the
Brinell method. The photos are by S.P. Polyakov

Puc. 8. Cxema sKkcriepuMeHTa Mo M3MEPEHMIO TPOYHOCTHBIX XapaKTEPHCTUK €CTECTBEHHOTO CHEKHOTO
nokposa metozioM bpunemsa. ®oro C.I1. [Tonskoa

were chosen evenly. Previously, the density of snow on the surface was measured at 20
points evenly on the site using VS-43. The average value was 350 kg/m?, with no more
than 10 % variation. This value was used to calculate the bearing capacity of the NWC
FS. In general, the measurements were carried out according to the standard methodology.

As follows from Fig. 7, tenfold weakening of the mechanical stresses applied to the
upper surface of the FS will occur at a depth of about 0.7 metres. Given that the initial
pressure on the surface from the station supports is 100 kPa and considering the scale
effect of the difference in the size of the test stamp and the station supports, the minimum
FS sufficient thickness with a snow material density of 500 kg/m* will be about one and
a half metres. In the case under consideration, the density of the upper layers of the FS
exceeded 600 kg/m?, and the FS thickness was more than 3 m. Thus, such an FS is certain
to be sufficient to withstand the load of the NWC supports.
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Creep of the snow material of the foundations slab under the impact
of the NWC Vostok supports

One of the important processes that can lead to a decrease in the height of the
NWC location relative to the surface of the surrounding natural snow cover is the plastic
deformation of the FS snow material under the NWC supports. Calculations of the creep
of snow material of different densities were carried out to assess the degree of influence
of this process. The snow material begins to deform under the pressure of the NWC
supports. The calculation of the deformation was carried out according to the relation

T="1N€, (1)
where 1 is the mechanical stress in the snow (in the case considered, the pressure on the
snow from the NWC supports), 1, is the compression viscosity factor of the FS snow
material, € — the rate of relative deformation.

Considering the one-dimensional case of only the vertical deformation of the FS
under the action of the NWC supports, the formula for calculating the vertical deformation
can be presented in the form:

dh =¢h,
dt
where 4 is the thickness of the FS layer studied. Accordingly,
dh=¢h-dt . 2)
The compression viscosity coefficient ), was calculated using Bader’s formula [19]:
a
e ”_p;S exp(b,ps ), 3)

where p, is the density of fresh ice, p; is the snow density, a, and b, are empirical
coefficients. At the Berd station [24], unique experiments were conducted to measure
the compression viscosity coefficient of snow of different densities at temperatures
T = -28 °C, similar to the surface layer temperature of snow in the summer near the
Vostok station. According to the experimental data obtained by Bader [20] at the Berd
station, at temperature 7= -28 °C: n, = 10" Pa-s at p = 450 kg/m*; n, = 10" Pa-s at p =
500 kg/m?*; m,_ = 10" Pa-s at p = 650 kg/m>.

Given the relation (2), the compression deformation (creep) of the FS snow material
under the NWC supports, AH, for the entire FS of thickness H for the time to will be

to H

AH = [ [&-dh-dt .
00

Substituting into it the value for the relative strain rate taken from (1), one can obtain:
fy H
AH = [=dh-dr
00 Mk
This formula was used to calculate the subsidence of the station supports for a given
time period ¢, for different strength characteristics of the snow material of which the FS
is composed.
The calculations were performed numerically with a depth step Az =5 cm and a time
step Atz = 10 hours for an FS of thickness H# = 3 m. The values of vertical mechanical
stresses inside the FS, t(%), were taken from experimentally obtained stamp test data for
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different snow characteristics. In particular, Fig. 6 shows the distribution of vertical stresses
for a snow density of 500 kg/m?®. The compression viscosity coefficient nk values were
calculated using Bader’s formula (3). It depends on the snow density and its temperature
and increases as the density increases as the snow material is compacted under the station
supports. The compression viscosity coefficient also depends significantly on the snow
temperature and increases as it decreases. In the calculations, a correction multiplier was
introduced for the temperature of the snow layers inside the FS according to the relation

[25]:
_ Y
nk—kexp[RTO], “4)

where Q is the activation energy of snow; R is the gas constant; 7 is the absolute
temperature; k is a constant coefficient for a given snow type. The snow temperature in
the calculations was set as the average monthly temperature of the upper snow layers in
the area of the Vostok Station [15, 16].

Fig. 9 shows the results of calculations of the compression creep of the snow material
under the station supports for different density characteristics of the snow material. If one
substitutes the real distribution of snow density in the FS, shown in Fig. 5, the subsidence
of the station supports in the FS body will be 12 cm, 28 cm, and 33 cm for 1 year, 10
years, and 30 years, respectively.

Deformation AH, m

300 400 500 600 700
Snow density of FS, kg/m?
Fig. 9. Calculated compressive creep of the foundations under the station supports for various densities
of the initial snow material for various periods

Puc. 9. Pesynbrarsl pacueToB KoMIipeccHoHHOH nomsydectu 11D mox onmopamu cTaHmu Uil pas-
JIMYHOM MIOTHOCTH MCXOIHOTO CHEKHOTO MaTepHaa 3a pa3InuHble epHOobl BpEMEHH

Another process leading to the lowering of the Vostok NWC location is the
compression deformation of the natural snow cover on which the station foundations
rest. The total weight of the FS, on which the station rests (200x60%3 m), will be about 20
thousand tons. At the same time, the weight of the NWC itself is 2500 tons. Thus, given
the size of the FS, the pressure on the underlying snow layer from the FS side will be
about 20 kPa. The deformation of the underlying snow layers was calculated according to
the same scheme as the creep of the FS snow material under the station supports, presented
above. As a result, for the initial density of the natural snow cover of 350 kg/m?, the FS
decrease will be 9 cm in 1 year, 16 cm in 10 years, and 20 cm in 30 years.
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Discussion of the results

During the whole period of FS construction, geodetic control of the excess of the
FS surface relative to the surrounding natural snow cover was carried out. Thus, at the
end of the 2019-2020 seasonal works, the excess of the FS surface position relative to
the natural snow cover was 200 cm. The unevenness of the height of the FS surface itself
did not exceed 10 cm. At the beginning of the 2021/22 construction season, geodetic
measurements of the excess position of the FS surface were repeated. In fact, over 2 years,
the average immersion of the FS into the snow strata was about 8 cm, which agrees well
with the theoretical calculations presented above. A slightly overestimated result of the
calculations of the FS immersion into the snow strata compared to the actual data can be
explained by the increased density of the underlying snow layers, on which the FS rests
after the first phase of construction in 2019/20. At the end of FS construction, the average
excess of its surface relative to the natural snow cover was 210 cm.

Due to the severe climatic conditions in the area of the Vostok Station, only 2 months
are suitable for work: December and January, when the air temperature rises to —30 °C.
Nevertheless, with two PB-300s and one HAT, the entire 3 m thick snow base could be
created in just one summer field season.

Yet, it should be noted that the performed analysis of experimental data and detailed
numerical estimates do not take into account a possibility that the supports of the new station
buildings could somewhat additionally sink not only due to the one-dimensional compression
of the underlying snow-firn layer but also due to 3D deformational upward flow of snow and
firn around the columns. Another submerging effect can be related to the fact that the new
station area (~ 60x200 m?) in both directions is comparable or even larger than the snow-firn
layer thickness (~80—100 m) in the Vostok region. As a result, the load of the station, not being
dissipated within the firn thickness, could lead to further increase in the total compression rate.

Conclusions

With the technical equipment available to the construction team that built the FS,
namely: one HAT and one PB-300, the construction of the FS took 2 years. Each year the
work was carried out only in the summer period from late November to early February. The
main mechanism for lowering the height of the station location relative to the surrounding
snow cover is natural snow accumulation on the surrounding NWC surface, which is about
7.3 cm/year [15, 16]. Accordingly, over 30 years, the height of the natural snow cover will
increase by about 2 m relative to its original position. The total lowering of the lower part of
the station supports relative to the surface of the natural snow cover, given the compression
deformation of the FS under the station supports and the deformation of the natural snow
cover on which the FS rests, will be about 240 cm in 30 years. Thus, it will take about 30
years for the height of the natural snow cover to reach the height of the bottom of the station
supports. Consequently, the work performed has shown that the new buildings of the Vostok
Station will last satisfactorily for at least thirty years and given that the height of the station
piers themselves is 4 metres, the new buildings could last much longer.
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Kongaukt nHTEpecoB. ABTOpHI 3asBIISIOT 00 OTCYTCTBHH KOH(IIMKTAa HHTEPECOB.

BaaronapHocTu. ABTops! Onarofapst PocCHHCKYI0 aHTApKTHYECKYHO IKCIIEIUIIHIO
3a TMIOMOIIb B OpPraHM3aliy U NPOBEIeHUH padoT, B 0COOCHHOCTH Ha4YajbHUKA CTAHIHU
Bocrtoxk 65-ii PAD B.H. 3apaBuarckoro 3a okazanue BcemepHoi nogaepxku; A.C. bopo-
HUHY 3a IMOMOIIb B MOATOTOBKE CTAaTbH.
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o3epa Boctok, BocTounas AHTapkTHma.
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Pacuiupennslii pegepar

HNwmeronmecs Ha ceroHAIHNI IeHb KopITyca poccHiickoil cranuuu Boctok (Boctounas AHTapkTia) Hadamm
9KCILTyaTHpoBaThcs B 1963 T U yKe MHOTHE TO/bl HAXOJATCS MO/ CHETOM. B CBs3H ¢ OOIIMPHBIMU ILUIAHAMI
0 M3YYEHHUIO TIOANEIHUKOBOTO 03epa BOCTOK OBILIO MPUHATO pelieHHe 0 BO3BEACHHH HOBOTO 3MMOBOYHOTO
kommiekca. ITockonbky B paifoHe CTPOMTENbCTBA MMEETCsS MOIIHAS CHEKHO-(DHMPHOBAS TONINA, YCTAHOBKA
KoMIiekca TpebyeT Hamuuus TBepaoro (ynaamenta. Ero pasmepsl, HCX0fs M3 KOHQUIYpalHH HOBOTO 3U-
MOBOYHOTO KoMILiekcea, cocTanisiior 200%120 m. CrpoutenseTBo (yHAaMeHTa ObUIO PEIICHO OCYIIECTBISTH
TyTeM MOCIIOIHOrO yNnoTHeH!s cHera. McXois U3 OpueHTHPOBOYHOTO Beca Komiuiekea B 2500 ToHH, BpeMeHn
€ro dKCIUTyaTaluu 0koiio 30 JeT ¥ MpeAnonaraeMoro AaBlIeHHs ONop CTAaHIMK Ha cHeXHbIH 1TokpoB B 100 klla,
wnTa QyHIaMeHTa JOJKHA MMETh IIOTHOCTH He MeHee 550 kr/m?, TBepaocts mokpsitus bonee 0,5 MITa. [Tpu
CO31aH1H MeTo/1a e¢ (POPMUPOBAHMS 32 OCHOBY ObLIA MPHHATA METOJMKA NTOCIOHHOTO YIUIOTHEHUS CHEra, pa3-
paboTaHHas Isl CTPOUTENBCTBA CHEXKHBIX a3POJPOMOB Ha IITyOOKOM CHETY, PUTOJHBIX [ IPUEMa TSKENbIX
CaMOJIETOB Ha KOJIECHOM IIACCH. DKCTIEPUMEHTAIbHOE YIIOTHEHNE CHETa OCYIIECTBIISIOCH C TTOMOIIIBIO Ty CEHHI]
Pa3IUYHBIX TATaYel, MOCIIE YEro BHIMOMHAIICE IITAMIIOBBIE HCTIBITAHNS CHEKHBIX TIOBEPXHOCTEH C PA3THUHBIMU
MCXOIHBIMH XapaKTepHcTHKaMu cHera. OlieHKa Hecyiel CocOOHOCTH (GyHIaMeHTa 0CYIIECTBISANACh METOIOM
pacueTa BepTHKAIbHBIX MEXaHIHUECKHX HAMPSLKEHNH Ha €r0 HIDKHEH MOBEPXHOCTH, 00pa3yIomuXcs OT JaBIeHUs
onop craniuy. O1eHKa MPOYHOCTHBIX XapaKTEPHCTUK CHETa MPOM3BOMIACH KAK MPSMBIMU H3MEPEHHSAMH T10
MeTofy bpuHeris, Tak 1 ¢ MOMOIIBbI0 MEXaHHUECKOTO Mpecca 10 0TOOPaHHBIM 00pa3liaM U MEHETPOMETPOM.
B KoHE4HOM HTOTE IIIOTHOCTh CHEXKHBIX CJIOEB B BepXHed yactu dyHaamenra gocturna 650 kr/v®. B obureit
CIIO)KHOCTH, TIOMUMO 0a30BOTO €105, OBLIO CHOPMHUPOBAHO €11ie 9 TOTOMHUTEIbHBIX c10¢B. [lepBbie Bocemb —
nerom 2019/20 r., a nocnenuuit — B suBape 2022 r. O6mas tommuHa QyHaameHTa npesbicuia 3 metpa. [Ipu
HAHECEHNH CHEXKHBIX CIIOEB OCYIIECTBIISICS [e0/Ie3NYECKII KOHTPOIb 3 MX TOMIMHON H TOPH30HTABHOCTBIO.
Pa3bpoc HepOBHOCTH BBICOTHI CaMOii TOBEPXHOCTH (hyHIaMeHTa He mpeBbimal 10 cm. [l1g 3koHOMUH BpeMeHN
1 Gosee 3 EKTHBHOrO UCTIONB30BAHMS TEXHHKHU €TI0 TIOBEPXHOCTb Ha IIEPBOM ITalle CTPOUTEIIbCTBA JICITHIIACH
Ha J1Be paBHble yactu pasmepom 200x60 M. Ha oxHoii u3 miomanok GpyHIaMenTa mpoBOAKIOCH YIUIOTHEHHE
HAHECEHHOI'0 CHEKHOTO CII0f, a Ha JPYroi, yXKe YIIOTHEHHON, HAHOCUJICS OUePEeHON CHEXHbIN cioi. [1o
OKOHUYAHHH €T0 CTPOUTEILCTBA CPEIHEE TIPEBBIIEHHE TTOBEPXHOCTH OTHOCUTEIBHO ECTECTBEHHOTO CHEXKHOTO
nokposa coctapmio 210 cM. Mcxonist u3 CkOpoCTH aKKyMYJISILIMU CHETa, & TAKKe MOTPYKEHHS OMop CTAHIHN 1
(yHIaMeHTa B CHEXHYIO TOJIILY, TOBEPXHOCTh HIKHEH 4aCTH OTOp CTAHIIMK CPABHAETCS C YPOBHEM €CTECTBEH-
HOTO CHEXKHOTO MOKPOBa pUMepHO yepe3 30 siet. PakTiyeckoe cpeiHee NorpyKeHue IIMThl QyHIaMeHTa 3a J1Ba
Tofla B CHEXHYIO TOJIILY COCTABHIIO OKOJIO 8 CM, UTO HETIIOXO COTNIACYETCs C TEOPETUUECKIMH pacyeTaMu. TakuM
00pa3oM, HOBBIE KOpITyca CTaHIHH BoCTOK yI0BIETBOPHTENBHO MPOCYIIECTBYIOT HA MPOTSHKEHNH 110 KpaifHei
Mepe TPUJIATH JIET, @ C y4eTOM TOTO, YTO BBICOThI CAMHX €€ OTOp COCTABIIAIOT 4 METpPa, 3HAYUTEIBHO JIOJbIIIE.
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