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Abstract

Construction of a new wintering complex at the Antarctic Vostok Station required prompt delivery of builders and
mechanics to Progress Station to move them further to the work area. To solve this major logistical issue, a new landing
site, later named Zenit, certified for accommodating heavy wheeled aircraft, was prepared in the Progress Station area
from March to August 2022. Its snow pavement slab with a total area of 350 thousand m? is from 100 to 120 cm high.
It was made by applying snow layers with their subsequent compaction by a specially designed compaction platform
for snow airfields suitable for heavy wheeled aircraft. As a result, the pavement has a surface hardness of at least 1 MPa.
The layer from 30 to 60 cm has a hardness of at least 0.8 MPa, and the bottom layer at least 0.6 MPa. The first
11-76 TD-90VD aircraft of the Russian company Volga-Dnepr was accommodated to the new runway on 7 November
2022. The aircraft landed in normal mode. The depth of the chassis wheels track after landing did not exceed 3 cm.
The research provided in-depth understanding of the mechanisms for forming the supporting base of the runway from
snow and ice in Antarctica. The experience gained can be used to solve similar issues in the Far North.
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Introduction

The main reason for creating an airfield in the Russian Progress Station area in East Antarctica
is the entry into the main construction phase of the new wintering complex Vostok, which was put
into operation in Central Antarctica at the Russian Vostok Station in early 2024 [1]. The importance
and relevance of upgrading the Station are related to the study of the subglacial Lake Vostok, to the
implementation of Event 21 “Comprehensive studies of the subglacial Lake Vostok and the Earth’s
paleoclimate in the area of the Russian Antarctic Station VVostok”, within the framework of the Strategy
for the Development of Activities of the Russian Federation in the Antarctica until 2030 approved by
the Order of the Government of the Russian Federation dated 21 August 2020 N 2143-r. Construction
of the wintering complex will both improve the living conditions of polar explorers [2] and allow
studying the aquatic environment of the lake and its bottom sediments [3-5].

During the first stage of construction, ships supplied the Progress Station area with blocks for
the Vostok wintering complex, equipment for delivery, and the necessary fuel. The main task for the
next stage was the timely transportation of builders and mechanics to the Progress Station area to
move them further to the Vostok Station in order to use each day of the short Antarctic summer as
efficiently as possible, when weather conditions in the central part of the continent are favourable
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for work. At this stage, the Vostok wintering complex blocks were delivered from the storage site to
the construction site by tractors on sleds, after which the builders began assembling the structures. It
should be noted that at the beginning of spring, fast ice off the coast of Antarctica has the greatest
thickness, which complicates the use of ships to deliver people and cargo. Therefore, a decision was
made to deliver cargo and personnel to the Progress Station by heavy aircraft of the 11-76 type, capable
of a non-stop flight from the African continent to Antarctica. To implement the plan, it was necessary
to prepare a landing site at Progress Station that would be capable of accommodating wheeled aircraft.
The technically complex task was completed, and the landing site was named Zenit. This work is
aimed at describing the stages of preparation and construction of this unique facility of the Russian
logistics infrastructure.

We should refer to the aviation terminology set out in Article 40 of the current (2022) edition of
the Air Code of the Russian Federation, as well as to the Federal Aviation Rules “Requirements for
airfields intended for take-off, landing, taxiing, and parking of civil aircraft”, approved by order of
the Ministry of Transport of Russia dated 25 August 2015 N 262:

* runway — a specific rectangular section of a land airfield prepared for landing and take-off of
aircraft;

« landing site — a section of land, ice, surface of a structure, including the surface of a floating
structure, or a water area intended for take-off, landing or for take-off, landing, taxiing, and parking
of aircraft;

« airfield — a section of land or water area with buildings, structures, and equipment located on
it, intended for take-off, landing, taxiing, and parking of aircraft;

« apron — a specific area of a land airfield intended for the placement of aircraft for the purpose
of boarding or disembarking passengers, loading or unloading mail or cargo, refuelling, parking, or
technical maintenance of the runway.

It is important to address two more terms — strength and hardness. Strength is the ultimate load
at which the medium is destroyed due to exceeding the plasticity limit, i.e. upon reaching the ultimate
stress. In this paper, hardness is understood as the ability of the medium to resist penetration by another
body until residual deformations occur. Hardness was determined using the method developed in [6],
by pressing a stamp into the medium under study. The specified values are expressed in pascals.

As a rule, airfields or landing sites near Stations in Antarctica are built on a glacier'-? or sea
ice [7-9]. The situation in the Progress Station area, located in the Larsemann Hills oasis, is no
exception. The surface topography of the Station is absolutely unsuitable for an unpaved airfield. The
main issue of building a landing site on a glacier in this area is the absence of blue ice zones (areas
with no permanent snow cover on the glacier) in reasonable proximity. This significantly complicates
the task solution. The site for building the landing site was chosen 6 km from the Progress Station on
a glacier. The snow cover height varied from 3 to 10 m, and the surface topography made it possible
to choose a site suitable for building a runway at least 3000 m long, required for landing and take-off
of 11-76 type aircraft (Fig.1).

The selected area is well studied, as for many years it was the landing site of first the Soviet
and then the Russian Antarctic expedition, which accommodated small aircraft on ski chassis. Since
the mid-80s of the last century, it has been used to carry out domestic comprehensive geological
and geophysical studies [10-12], as well as to deliver cargo and personnel to the VVostok Station by
Douglas (Basler) BT-67 and Turbo-67 (DC-3) aircraft. The average annual snow accumulation in

1 Kovacs A., Abele G. Runway site survey. Pensacola Mountains, Antarctica. Special Report 77-14. Hanover: Corps of
Engineers, U.S. Army Cold Regions Research and Engineering Laboratory, 1977, p. 49.

2 Blaisdell G.L., Lang R.M., Crist G. et al. Construction, Maintenance, and Operation of a Glacial Runway, McMurdo Station,
Antarctica. Monograph 98-1. U.S. Army Cold Regions Research and Engineering Laboratory, 1998, p. 139.
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was to build an airfield in six months, and in
the winter period, since the decision to organize it was made at the end of February 2022, and flights
to Progress Station were required to begin no later than the early November of the same year.

Methods

The simplest and most effective method of constructing a runway for wheeled aircraft in deep
snow is the layer-by-layer snow compaction to the required strength [16, 17]. The newly developed
method was based on a comprehensive research conducted at the VVostok Station during the summer
field seasons of 2006-2008 [18]. During these works, plate load tests of the snow cover were made
to determine the possibility of compacting cold snow to a hardness of 1 MPa or more, which
is necessary to withstand the load from the wheels of heavy aircraft. The research resulted in a
dependence between the density of the resulting snow and the impact of a stamp with different
pressures on the cover for different initial snow properties at a temperature of about —30 °C. It is
shown in Fig.2.

When the snow material density reaches 550 kg/m?, its uniaxial compression strength measured
at a temperature of —10 °C can reach 0.85 MPa, and at a density above 600 kg/m? it can exceed 1 MPa.
Moreover, the experiments on snow compaction at the VVostok Station revealed a fundamentally
important dependence of the change in strength over time. Immediately after compaction, the snow
strength can even decrease compared to the initial one [1, 18]. This is due to the rupture of the bonds
between the granules and crystals of snow. However, later, under the influence of diffusion sintering
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ressure on snow cover. MPa which a hydraulic jack with a force metre on the
rod rested. A heavy vehicle (a tractor unit
weighing about 40 t) was used as the upper sup-
port for the jack. Then sites with different snow
properties (density and hardness) were selected. When the jack impacted the plate, the impact force
and the dimension of snow deformation below the plate were recorded. The duration of the impact
was about 20 s. Then, after a certain fixed time, a core was taken at the impact site, and the density
and strength of the resulting snow compaction were measured in the glaciological laboratory.
The hardness of the resulting pavement was also recorded directly at the impact site using a pene-
trometer.

The load test, the results of which are shown in Fig.2, was conducted at a snow temperature of
—30 °C. Strength and density measurements of the compacted snow were conducted on taken cores
in the Vostok Station laboratory, where the air temperature, and therefore that of the samples was
-10 °C. Hardness was measured with a penetrometer at the load test point, i.e. at an ambient air tem-
perature of —30 °C. Snow density is practically independent of the sample temperature, so the con-
clusions presented are quite fair.

Moreover, before landing the aircraft, a layer of ice chips up to 4 cm thick was created on the
surface of the runway and apron using the Késsbohrer PristenBully Polar 300 (PB-300) milling
cutters. This increases the coefficient of wheels adhesion to the surface up to 50 %.

The main device used for compacting the snow layers at the landing site was the compacting
platform. It was designed and manufactured specifically for creating landing sites suitable for ac-
commodating heavy wheeled aircraft on deep snow in Antarctica [19]. Fig.3, a shows a fragment
of the snow layer compaction using this device.

Snow layers were applied to the runway slab using the blades of the PB-300 transporters. After
the layer was applied, the initial density of the snow, equal to 350 kg/m?, increased to approximately

o

Fig.2. Dependence of the resulting snow density on the stamp
pressure at a snow temperature of about —30 °C

a

Fig.3. Fragment of the snow layer compaction using a compaction platform (a) and a crane truck utilized
as a test trolley for checking the airfield pavement strength (b)
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420 kg/m?3 as a result of mixing. Application was the most labour-intensive process in the landing
site construction. In particular, five PB-300 transporters working 8 h a day applied one snow layer
about 30 cm thick to the entire area of the runway for about two weeks. The layers were compacted
simultaneously with the applications of other ones.

The most important aspect of landing site preparation is quality control of the created pavement.
Strength properties of the created pavement were measured using a penetrometer with a destruction
energy of 8.5 J. Detailed specifications of the device are presented in the Instructions for the design...
(1976) and in [20]. At the final stage of pavement formation, a test trolley with a wheel load and
properties similar to those of aircraft chassis wheels was used (Fig.3, b). The weight of the vehicle
with additional ballast increased to 60 t, and the pressure in the wheels to 0.8 MPa. If necessary, the
vehicle can be used as an additional self-moving compaction device with a surface pressure of up to
0.8 MPa.

Results

The tests revealed the dependence of the depth of impact on the snow cover on the applied stamp
pressure for various initial snow properties. The impact depth is understood to be the depth of the
cover layer at which the physical and mechanical properties of the snow changed after the applied
mechanical impact. The obtained dependence is an important practical result. Based on the technical
capabilities of the compaction device, it enabled to select the maximum height of the applied snow
layer to be compacted. A mandatory condition was the compaction of the entire depth of the applied
layer, i.e. the layer height should not exceed the impact depth. Plate load tests were also used to assess
stress dispersion under the aircraft wheel with
depth. For this purpose, a stamp was selected 803 ,
whose dimensions were close to the wheel con- 7073 !

tact patch area with the surface. This stamp im- 603

1
pacted the pre-compacted snow cover with 3 : // / 3
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(P =0.35 MPa) on the compacted surface of one (o— E,ii’,svi“ginf;{y'”'kt;}‘ln‘ir°£§ rf'iﬁé’vffﬁac’rgniif Ir\/IPa)
of the main compacting devices used in the 1—p =420, Hg =0.045; 2 — p = 500, Hs = 0.2; 3 — p = 580, Hg = 0.45
landing site construction.

A curve of mechanical stress dispersion Vertical stress, %
with depth was obtained for different snow o . s 0 8 100
cover properties. As an example, Fig.5 shows ° 3 B _ //
a curve for a snow cover with a density of 02~ et
550 kg/m3 with a stamp size close to the size of £ o e /

the contact patch of the II-76TD aircraft chassis
wheel. The values presented are consistent with
similar data (Instructions for the design...,
1976).

The hardness of the created upper layer of
snow cover 30 cm deep was from 1 to 1.5 MPa. Fig.5. Relief of mechanical stress with depth under the
Accordingly, for the layer from 30 to 60 cm, not aircraft wheel for snow cover with a density of 550 kg/m?

Snow depth, m
o
(2]
LLL

o
o

- .
L ||\5H\ LI
i

163
This is an open access article under the CC BY 4.0 license



t==E  Journal of Mining Institute. 2025. Vol. 273. P. 159-168
% © Sergey P. Polyakov, Sergey V. Popov, 2025

less than 0.8 MPa, and for the lower one from 60 to 100 cm, not less than 0.6 MPa. The uniaxial
compression strength of the snow cover was measured on a mechanical press in the core samples
taken from the created pavement. It showed similar hardness results. The discrepancy in the values
between hardness and strength did not exceed 10 % and was within the measurement error. The snow
slab density was determined in a standard way by weighing snow samples of a known size. The
average density of the created pavement was about 620 kg/m®. The hardness and compressive strength
of the natural snow cover, on which the snow slab of the pavement rests, were also controlled. The
minimum hardness of natural snow was not less than 0.15 MPa.

Considering the known dispersion of vertical stress under the aircraft chassis wheels in the snow
slab of the runway pavement, shown in Fig.5, and also the fact that the slab rests on a solid base of
natural snow cover with hardness not less than 0.15 MPa, the snow slab height was estimated, suffi-
cient to withstand the load from the aircraft chassis wheel with a surface pressure of up to 1 MPa.
The estimate is based on the fact that if the dissipated pressure from the aircraft chassis wheel on the
lower edge of the snow slab does not exceed the compressive strength of the material on which this
slab rests, then no bending deformations will occur in it, and it is guaranteed not to break due to
bending. As follows from Fig.5, at a depth of 1 m, the vertical stress in the pavement slab decreases
from 1 MPa to approximately 0.08 MPa, i.e. more than by order of magnitude. Thus, a slab height of
one metre is sufficient.

In order to prevent the wheel from penetrating into the snow slab, it is sufficient for the pavement
surface hardness to be higher than the pressure exerted by the wheel. The hardness of the upper layer
of the slab must be at least 0.8 MPa (the pressure in the IL-76 chassis wheels is 0.7 MPa). A similar
result was obtained earlier, when the Progress Station runway was developed. Thus, the minimum
permissible uniaxial compression strength of the snow runway pavement for the episodic operation
of the IL-76 aircraft for the upper layer 30 cm deep must be at least 0.9 MPa, for the layer at a depth
of 30 to 60 cm at least 0.75 MPa, and for the lower base layer at a depth of 60 to 100 cm at least
0.4 MPa. The entire snow pavement slab must rest on a natural snow cover with a compressive
strength of at least 0.15 MPa.

In addition to having the necessary strength and height of the airfield pavement to withstand the
load from the aircraft chassis wheel, the snow slab must withstand the load from the weight of the
entire aircraft. The slab’s limit load was computed as an estimate of the maximum permissible aircraft
weight for a given geometry of the chassis wheel distribution. In the case of the 11-76, the main weight
is concentrated on the two rear groups of chassis wheels, each having 8 wheels. The total contact
patch of the chassis wheels is 8x3.2 m. The essence of the estimate is that if the pressure from the
aircraft chassis, which is transmitted through the pavement slab to the natural snow cover, does not
exceed its compressive strength, then, as a consequence, there will be no pavement slab deformation
due to bending, and it is guaranteed not to break.

A noticeable reduction in stress from the aircraft chassis will occur at a depth comparable to the
characteristic size of its contact patch with the surface, i.e. at a depth of over 4 m. In the estimations
given, it is assumed that there is no stress dispersion inside the pavement slab, and the pressure from
the aircraft chassis is completely transferred to the natural snow cover on which the slab rests. Thus,
the pressure from the chassis should not exceed the compressive strength of the natural snow cover.
The maximum permissible mass of the aircraft in this case is:

M=2165, (1)
g

where ¢ is the minimum compressive strength of the natural snow cover on which the pavement slab
rests, 6 = 0.15 MPa; S is the area of the aircraft chassis support patch, S = 25 m?; g is the acceleration
of gravity, m/s2.
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Substituting the corresponding values into relation (1), we obtain the estimated value M = 375 t.
The pavement can safely support an aircraft with a chassis geometry similar to the 11-76, weighing up
to 375 t. Considering that its actual weight is 150 t, there is more than twofold safety margin for the
limit load of the prepared snow slab pavement.

One of the threats to any engineering structure located on a glacier is the possibility of cre-
vasses forming near the surface on which the structure is built. A landing site is no exception. The
main method for checking for crevasses or voids inside a glacier is ground penetrating radar (GPR)
control [21-23]. It should be noted that crevasses forming inside a glacier located in the coastal
zone of the Antarctic continent are common, since different parts of the glacier move at different
speeds, which causes stress. If it exceed critical values, crevasses form [24, 25]. Before accommo-
dating an aircraft, the landing site readiness check, in addition to checking the physical and me-
chanical properties of the pavement, also includes GPR control for near-surface crevasses. If they
are possibly detected during the analysis of GPR time-sections [15, 26, 27], confirmatory drilling is
made at the point to determine the actual dimensions of these features. For further operation of the
airfield, it is important to assess the extent to which a crevasse or void found inside the glacier threatens
aviation operations. GPR surveys at landing sites are conducted from time to time. The interval for
such monitoring depends on specific conditions. In particular, similar work was made at the Zenit
runway during the season of the 68th Russian Antarctic Expedition (2022/2023) [28]. The inspection
discovered small crevasses, which, however, do not interfere with the runway operation.

Crevasses in the glacier body periodically occur due to its uneven movement [29, 30]. Moreover,
the number of crevasses in the future will probably increase due to global climate change and an
increase in the speed of glacier movement (spreading) with an increase in its temperature [31].
Therefore, it is advisable to estimate the limit load of a pavement snow slab in the presence of a
crevasse or void of a given size underneath it. Let there be an infinite plate made of a material with
known properties Qr, which rests on the underlying snow cover Qs with a crevasse of a known size
Qc (Fig.6). An aircraft wheel with a known load rests on the plate (in this case, on the snow slab).
Let us estimate the maximum permissible width of a crevasse in the snow cover on which the snow
slab rests so that it does not break under the specified load.

For a simplified assessment, we will imagine a snow slab above a crevasse as a beam with
fixed ends, resting on the snow cover on which the slab is located. Let F be the force from the
chassis wheel acting on the slab, directed downwards; h is the slab height; oc and o, are the slab
strength in uniaxial compression and bending; L is the width of the crevasse under the slab; b is the
width of the beam associated with the slab. Then, using Zhuravsky’s formula [32, 33] to estimate
the ultimate strength of a beam with fixed ends, we obtain

_ 2c,bh’
3L

To estimate the minimum limit load of the
slab, we will take b = h and use the known ratio
ob =~ 1/3cc. After transformations, we obtain

F

2 20
oL
In this case, the maximum permissible cre-
Zenit runway pavement in the presence of a crevasse
26 h® or void of a given size below it
L —C—. 2 Q¢ — compacted snow slab;
9 F Qs — snow cover; Q¢ — crevasse
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In the case under consideration, h = 1 m; oc = 1 MPa; F = 100 kN (the force with which the
11-76 aircraft wheel rests on the surface). Using relation (2), we obtain an estimate of the maximum
permissible crevasse width L =2 m.

If the crevasse width is less than the slab height, the problem is reduced to estimating the beam
shear failure at the crevasse edges [32]. In this case, we also approximate the slab with a beam of
height h and width h. The shear area at each edge of the beam will be h?. We assume the worst-case
scenario, when the load from the aircraft wheel F is applied to one edge of the beam. We estimate the
shear on one side:

where osh IS the shear strength of the slab. Then the formula for estimating the minimum beam thick-
ness that will withstand a load of force F is:

Considering the known ratio osh = 0.6 o¢, We obtain:

h =1.29\/E. ©)
cSC

Let us estimate the minimum height of the slab that will not break in shear under a given load
using relation (3). If 6c =1 MPa and F = 100 kN, then h = 0.4 m. Thus, the formed runway slab 1 m
high is guaranteed to withstand the shear and bend load from the 11-76 aircraft wheel with a crevasse
width below it of no more than 2 m.

It should be noted that the distance between the chassis wheels is 1 m, and if the crevasse below
the snow slab is parallel to the runway centre line, then two chassis wheels can simultaneously press
on the beam, which we approximate the slab. In accordance with relation (2), the maximum permis-
sible width of the crevasse below the slab will be 1 m. For guaranteed safety, one should focus on the
maximum permissible width of the crevasse below the slab of 1 m.

Discussion

When preparing the foundation for the new wintering complex of the Vostok Station [1], the
procedures were developed that were later used in the construction of the new Zenit landing site.
In this sense, the procedure is unique since, unlike the previously used one, it allows for the creation
of a landing site for wheeled aircraft not only in the coastal but also in the interior regions of Antarc-
tica. The former are characterized by relatively warm summers with intensive near-surface melting
of the snow layer. It significantly accelerates snow compaction due to the filtration of melt water into
the snow and its subsequent freezing. There is no near-surface melting in the interior regions of
Antarctica. Therefore, snow compaction here is slower, which was shown by the work on creating
the foundation for the Vostok new wintering complex [1]. Nevertheless, they also demonstrated the
fundamental possibility of creating a landing site similar to Zenit.

The previously used technology for creating landing sites of this type required at least two years
with the mandatory use of at least one summer season. The new technology made it possible to pre-
pare the runway in less than a year, practically without using the summer melt.

Conclusion

From March to August 2022, the snow slab covering the landing site (runway and apron) with a
total area of 350 thousand m? and 100 to 120 cm high was completely formed. The top 30 cm layer of
the pavement has a hardness of at least 1 MPa. The layer from 30 to 60 cm is at least 0.8 MPa, the
bottom layer is at least 0.6 MPa. The created landing site was certified to accommodate wheeled
aircraft.
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Fig.7. The first landing of the II-76 TD-90VD aircraft on the Zenit landing site

The first 11-76 TD-90VD aircraft of the Volga-Dnepr company was accommodated at the newly
created Zenit landing site on 7 November 2022. Fig.7 shows a photograph of its first landing. The
aircraft landed in normal mode. The track depth from the chassis wheels did not exceed 3 cm.

In the summer of 2022-2023, four 11-76 TD-90VD flights were made, after which the Zenit landing
site was closed for flights until the next season. In early October 2023, after thorough preparation and
testing, which included GPR profiling, 1I-76 TD-90VD flights from Cape Town to Antarctica were
resumed. The condition check showed that the snow material hardness increased by almost 20 % over
the winter, which is consistent with the previously obtained results on the increase in the strength
properties of compacted snow over time [1]. In the 2023/24 season, seven [I-76 TD-90VD aircraft
were accommodated at the Zenit landing site. All aviation operations proceeded in normal mode.

Thus, the new landing site for accommodating wheeled aircraft opens up new prospects for
further exploration of Antarctica and the implementation of plans reflected in the Strategy for the
Development of the Activities of the Russian Federation in Antarctica until 2030, approved by the
Order of the Government of the Russian Federation of 21 August 2020 N 2143-r. The research
provided new data and an in-depth understanding of the mechanisms for the formation of a snow-
and-ice runway support base in Antarctica. The presented results are valuable and unique due to their
possible practical use in solving similar issues, including in the oil-producing regions in the Far North.

Improving the unique methodology developed for preparing landing sites on snow surfaces to
accommodate wheeled aircraft is an important task for strengthening our country’s position both in
Antarctica and in the Arctic.

The authors thank the heads of the Russian Antarctic Expedition and the staff of the Progress
Station for their assistance in conducting the work. Special thanks to the group of builders from
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