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Abstract. Relevance of the study is that the consequences of premature destruction of the fuel tank or the wall of the building of
the Ukrainian Antarctic Akademik Vernadsky station (Vernadsky station) may result in significant financial costs and human lives
as a result of multi-site damage. Therefore, the main objective of the study is to identify the most probable places of snow
accumulation and maximum wind pressure zones for identification and prevention of multi-site damage of buildings and
engineering structures. Geometric modeling and simulation are chosen as research methods, which allow (accordingly) creating
and investigating a three-dimensional computer model of an object. SolidWorks CAD-system was chosen for geometric modeling.
The simulation was carried out in the ANSY'S finite-element analysis software. Results: geometric modeling and simulation of
Vernadsky station was conducted; in CAD-system SolidWorks based on the plan-scheme and photos of the station, its geometric
model is built, which includes the model of the surrounding area; according to its geometric models the layout of the station is
printed on a 3D-printer; in the CAE-system ANSYS a simulation of the influence of air flow at a speed of 45m/s on the station
was conducted; vector velocity fields are constructed and based on them the most probable places of accumulation of snow are
determined; vector pressure fields are constructed and the most loaded elements of the infrastructure are determined on their basis.
Conclusions: analysis of simulation results showed that the most probable places of accumulation of snow are located near the
walls of all buildings of the station and in places of significant change in the terrain of the surrounding area. The most loaded with
wind pressure is the main housing and the storage tank for diesel fuel. In this regard, it was decided to additionally create
geometric models of the fuel tank to study the effect of multi-site damage in the form of cracks on its integrity. It is also determined
that the main impact on the elements of the infrastructure of the station is the wind from the mainland, but not from the ocean.
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Pedepat. AxTyansHicTh pOOOTH MONSATAE B TOMY, L0 HACIIIKAMH II€PEI4aCHOr0 pyHHYBaHHsI ITaJMBHOTO Oaka abo cTiHu Oy/iBii
VYkpalHchKoi aHTapKTHYHOI cTaHmii «AkaneMik BepHajnchkmity BHACHiIOK 6araTroocepeakoBOrO IOIIKO/PKEHHS MOXYTh OyTH
3Ha4Hi (PiHAHCOBI BUTPATH 1 JIFOACHKI XKUTTs. TOMy MeTo10 poOOTH € BUSIBICHHS HAaifOLIBII HMOBIPHUX MICIIb CKYITYCHHS CHITY Ta
30H MakCHMAJILHOTO THCKY BITpY JUIsl iieHTH]IKaMii Ta 3armobiraHas 6araroocepeaKoBOro IMONIKOMKEHHs Oy/IiBesb Ta IHXKeHep-
HUX KOHCTPYKIIid. B sikocTi MeTOAIB 10CIiIKEHHS 00paHi TeOMETPHYHE 1 iMiTalliiTHe MOJICTIFOBAHHS, SIKi JO3BOJISIFOTH BiJIIIOBITHO
CTBOPIOBATH 1 JOCIIKYBaTH TPUBUMIPHY KOMIT FOTEpHY MOjenb 00’ekra. [yl reOMEeTpUYHOTrO MOJENIOBaHHS Oyina oOpaHa
CAD-cucrema SolidWorks. ImiTamiliHe MoaeIrOBaHHS MTPOXOIMIO B MPOrPAMHOMY KOMITIEKCI CKIHUCHO-CIIEMEHTHOTO aHaIi3y
ANSYS. Pe3yabTaT: npoBeieHO TeOMETPUYHE 1 iMiTalliifHe MOJCITIOBaHHS YKpaiHChKOT aHTApPKTUYHOI cTaHIii «AKkageMik Bep-
Hajacekuiy; B CAD-cucremi SolidWorks Ha ocHOBI mman-cxemu 1 goTorpadiii cranmii moOygoBaHa ii reoMeTpUYHA MOJIEINb, SIKa
BKJIIOYA€E 1 MOJZIENb HAaBKOJIMIIHBOI MiCIIEBOCTI; Ha 3D-puHTEp] pO3IPYyKOBAHO MAKET CTAHIII MO ii reOMETPUYHUM MOAEISAM; B
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CAE-cucremi ANSYS mpoBeneHo imiTamiiiHe MOAETIOBaHHS BIUTUBY TOBITPSHOTO MOTOKY 31 IIBHIKICTIO 45M/C Ha CTaHIIIO;
MoOyI0BaHO BEKTOPHI MMOJIS IIBHIKOCTI, HA OCHOBI SIKUX BH3HAUEHO HAHOLTBII HMOBIPHI MiCI CKYITYEHHS CHITy; MOOYyI0BaHO
BEKTOPHI IOJIS TUCKY, HA OCHOBI SIKHUX BU3HAYE€HO HAWOIbII HaBaHTAXKEHI el1eMEHTH 1HQPacTpyKTypH. BucHoBKu: aHami3 pe-
3y/IbTaTiB MOJICTIOBAHHS [10KA3aB, 1110 HAHOLIbII HMOBIPHI MIiCLIsl CKYITYEHHS CHITY 3HaXOAAThCs OLisl CTiH BCiX OyaiBesb CTaHIT
i B MiCIISIX 3HAYHOT 3MiHH penbedy HaBKOJIHIIHBOI MICIIEBOCTI, a HalOLIbIII HABAHTAXKEHUMH BiJl TUCKY BITPY € FOJIOBHHUI KOPITYC
i pe3epByap s 30epiraHHs JU3eIbHOIO MaauBa. Y 3B’s3Ky 3 UM OyJI0 NPHUIHSTO PillIeHHs J0JaTKOBO CTBOPUTH I'€OMETPUYHI
MOJICTI pe3epByapa JUisl TOCIiKCHHsI BIUTUBY Ha HOT0 IUTICHICTh 6araroocepeIkOBOro MONIKOKCHHS y BUTIISL TPIlKH. Takox
BU3HAYCHO, 1110 HAl{OUIBIINI BIUIMB Ha €IeMEHTH iHPAaCTPyKTYpH CTaHII] Mae BiTep 3 MaTeprka, a He 3 OKeaHy.

Karwuosi cioBa: imitaniitne monemtoBanns, CAE, CAD, 6aratoocepekoBe IMONIKOKECHHSI, CTaHIlis « AKaJeMik BepHaachkuiiy,
ANSYS.
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Pedepat. AkTyaabHOCTB PaOOTHI 3aKIF0YACTCS B TOM, UTO MOCIIEACTBUSIMH NPEXKIEBPEMEHHOTO pa3pyIIeHNUs TOIUIMBHOIO Oaka
WTH CTCHBI 3[aHusl YKPAaWHCKOH aHTapKTHYECKOH CTaHINH «AKaJeMUK BepHamckuit» BcaeacTBHE MHOIOOYaroBOTO MOBPEXKIE-
HUSI MOTYT OBITh 3HAUNTEIbHBIC (PHAHCOBBIC 3aTPATHI U YEJIOBEUSCKHE KU3HH. [109TOMy 1e1bI0 paboTH! SIBISETCS ONPEAeICHIE
HanboJIee BEPOSITHBIX MECT CKOIICHHS CHETa M 30H MaKCHMAJIBHOTO JABJICHUS BETpa ISl HACHTH(GHUKAIMN U TIPEIOTBPAICHUS
MHOTO0Yar0OBOTO MOBPEXKICHHS 30aHUH 1 HHXKEHEPHBIX COOPYKeHHUH. B kauecTBe MeT010B MCCIIeI0BAaHNS BRIOPAHBI TEOMETPH-
YeCKOe ¥ HMHTAIMOHHOE MOJICIUPOBAHUE, KOTOPHIE MO3BOJISIOT, COOTBETCTBEHHO, CO3AaBATh M NCCIIENA0BATh TPEXMEPHYIO KOM-
MBIOTEPHYIO MOJesib 00bekTa. [y reoMeTpuueckoro Mmoaennposanus Obita BeiOpana CAD-cuctema SolidWorks. Umuranmon-
HO€ MOZIETUPOBAHUE TPOXOUIIO B IPOTPAMMHOM KOMILIEKCE KOHEYHO-31eMeHTHOoro aHanu3a ANSYS. Pe3yabTarhl: poBeieHO
TEOMETPUYECKOe M HMHTAIMOHHOE MOJCIMPOBAHUE YKPAWHCKOM aHTapKTHYECKOW CTaHUUMU «AKaleMuk Bepnaackuii»; B
CAD-cucreme SolidWorks Ha ocHOBe IutaH-cxembl U (hoTOrpaduii CTAHIUK TTOCTPOCHA €€ ITeOMEeTpUYecKast MOJENb, KOTopast
BKJIIOUAET U MOJIENb OKPY Katolieil MecTHOCTH; Ha 3D-npuHTepe pacreyaTtaH MaKeT CTAHIIMH 10 €€ TEOMETPHUYECKUM MOJIETISIM; B
CAE-cucreme ANSY'S npoBe/ieHO IMHUTAIIMOHHOE MOJIEIMPOBAHHE BO3JCHCTBYSI BO3IYIIHOTO ITOTOKA CO CKOPOCTBIO 45M/C Ha
CTaHIHIO; TIOCTPOCHBI BEKTOPHBIE IOJISI CKOPOCTH, HA OCHOBE KOTOPBIX OIPE/eNICHbl HanOoee BEPOSTHBIC MECTa CKOILUICHUS
CHEra; HOCTPOCHBI BEKTOPHBIC I10JIs JIABJICHUS, HA OCHOBE KOTOPBIX OHNpPEIENICHBbl HauboIee HArpyKEHHbIC dIEMEHTb HH(]pa-
CTPYKTYpHI. BBIBOABI: aHATIN3 Pe3yIbTaTOB MOCIHUPOBAHUS TTOKA3aJl, YTO HAaNOOIee BEPOSITHBIE MeCTa CKOIUICHMS CHETa HaXo-
JIITCSL Yy CTEH BCEX 3[aHUi CTAaHIUK U B MECTaX 3HAYUTEIHHOTO N3MEHEHUsS penbeda OKpyKarolleif MeCTHOCTH, a HanboJee Ha-
TPY’KeHHBIMHU OT JaBJICHHS BETPa SBIISIOTCS ITIaBHBIM KOPIYC M pe3epByap Ul XpaHEeHHs AU3ENBHOTO TOIUIHBA. B cBsI3M ¢ 9THM
OBLIO TIPHHSATO PEHICHHE JOMOIHUTEIBHO CO3AaTh TEOMETPHUCCKHE MOIEN Pe3epByapa A NCCIEIOBAHNS BIMSHIS Ha €T0 Iie-
JIOCTHOCTh MHOTOOYAaroBOTO MOBPEXK/CHNS B BUJIE TPEUIHH. TakKe OMpeeneHo, 9To HanOobIIee BIUSIHAE Ha YIEMEHTH! nH}pa-
CTPYKTYPHI CTAHIIUN OKA3bIBAET BETEP C MaTEpPHKa, a HE C OKeaHa.

KiroueBbie ciioBa: nmuranronsoe moaenuposanue, CAE, CAD, MHOroogaroBoe nmoBpexaeHue, CTaHus «AkageMuk Bepuan-
ckuiiy, ANSYS.

1. Introduction

Current trends in construction (i.e. increase in buildings and number of storeys of buildings, construction of new
lines of communication, development of underground space, the saturation by engineering structures, etc.) invariably
lead to the emergence of negative technogenic influence (Antarctic Bases and Buildings, 2017). This is particularly im-
portant in conditions of Antarctica, where the ecological situation is controlled by many international agreements.

Ukrainian Antarctic Akademik Vernadsky station (Vernadsky station) is a system with its own infrastructure, which
ensures its functioning throughout the year (ANSY'S, 2017). Considering the enormous technical and logistics complexity of
construction in the Antarctica, it is difficult to ensure reliable operation of the station and protect buildings from snow drifts
and wind. Polar winds carry snow across the continent, and a snowy “tail” quickly grows on any vertical object, indicating
the direction of the wind. Accumulated snow can lead to premature destruction of buildings.

The initial stage of destruction of structural elements of any design or structure is damage. Its causes may be, for
example, external natural (wind and temperature) and man-made influences, internal factors, defects of the initial design,
deficiencies and violation of rules of operation. External signs of damage are cracks. Cracks can be caused by many fac-
tors and have different effects, depending on the combination of external and internal pressures. Disclosure of the cracks
in solid bodies can occur in different ways. The consequences of premature destruction of the fuel tank or wall of the
building can be significant financial cost and human lives (Antarctic Bases and Buildings, 2017). We must prevent damage
of buildings and engineering structures of Vernadsky station caused by wind and snow to avoid these consequences.

It is often necessary to remove snow from the surrounding area due to snow storms. To avoid drifts, all build-
ings of the Vernadsky station are installed on low reinforced concrete piles, but this does not always help. Long-term
snowfall and strong winds can lead to accumulation of snow under and on the sides of buildings (ANSYS, 2017). Snow
drifts, which arise in this case, can block the exits from buildings and the station staff will be trapped.
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The architecture of modern Antarctic stations is rapidly developing. The buildings have aerodynamic design (for ex-
ample, Fig. 1, (Halley VI Research Station by Hugh Broughton Architects, 2017), (Hutton D.,2008)) and are installed on
high steel piles (Fig. 2, (Komenchuk 1. et. al., 2017)-(Lukyanchenko O. et al., 2017)), so the wind can freely blow snow be-
neath them. Such designs of Antarctic stations help reduce the load from wind and snow on buildings. Thus, the risk of multi-
site damage of buildings from the effects of these natural influences is much smaller.

Fig. 1. Stations with aerodynamic design: a) Jang Bogo; b) Princess Elizabeth.

The stationary laboratories of the Halley series (Fig. 2, a, (Komenchuk I., 2017)) of British Antarctic stations were
regularly swept up by snowstorms, or because of the active thawing of ice they slid into the ocean (ANSYS, 2017).
Therefore, the Halley VI is a chain of mobile units on hydraulic supports. This makes it possible to raise and lower the
scientific laboratory, depending on the amount of snow that has fallen out. The station modules can be isolated from each
other in order to prevent the spread of possible fires. Also, modules can be detached from each other and transported to a
new location, where in the future it is possible to assemble the station back.

-

.
Wl

Fig. 2. Stations on high steel piles: a) Halley VI; b) Taishan; ¢) Neumayer.
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The same principle, but in an improved version, was applied in the project of the German Antarctic station
Neumayer-3 (Fig. 2, ¢, (Lukyanchenko O. et al., 2017)), which opened in 2009. Sixteen hydraulic columns allow the
whole structure of the station to be lifted. Approximately once a year the building is lifted by one meter. After that,
the lower end of each hydraulic pile is also lifted and re-placed in compacted snow.

Since in the near future there is no plan to update the architecture of the Vernadsky station, the main objective
of the study is to identify the most probable places of snow accumulation and maximum wind pressure zones for
identification and prevention of multi-site damage of buildings and engineering structures. Such research can be
carried out using numerical methods and simulation.

2. Methods and materials

In recent decades, the transition from industrial society to an information stage is going. This increases the
impact of information and computer technologies on the development of industry, politics, medicine and life in gen-
eral. There is a great emphasis on “heavy” software complexes of finite-element analysis in the field of scientific and
technical software. These programs allow engineering analysis calculation of stress-strain state (including non-line-
ar) and can take into account different by nature multi-source loads.

Relevance of numerical methods for the design of new objects and researching of existing ones is growing
every year (Neumayer Station III, Antarctica, 2017). It is not always possible to get the exact result of the calculation
using analytical methods for complex spatial structures. That is why it is necessary to introduce a number of assump-
tions to simplify the mathematical model. The result will be approximate and matching physical sense will largely
depend on the accepted simplifications. Numerical methods (including finite element method, (Panoramic view of
Jang Bogo Antarctic Research Station 3, 2017)) allow by passing restrictions of analytical methods. Finite element
method allows solving not only tasks of mechanics and frequency analysis of structures, but also hydro-gas-dynam-
ics.

To use any of a wide variety of software for finite-element analysis it is necessary to create three-dimension-
al geometric model of the object of study. Creating of geometric models is possible by using the integrated pre-pro-
cessor of CAE-systems or specialized external programs. As a rule, using of the integrated preprocessor is not always
convenient due to its limited functionality. Therefore, in this work, an external CAD-program (SolidWorks, Pustovoit
et al., 2017) will be used for geometric modeling.

SolidWorks is designed to automate the work of an industrial company at the stages of design and technologi-
cal preparation of products of any degree of complexity and purpose. Specialized SolidWorks modules solve tasks at
the stages of production and operation. The process of building a 3D model is based on the creation of bulk geometric
elements and the execution of various operations with them. The model consists of standard elements (blocks) and can
be edited by adding (deleting) these elements, or by changing the specific parameters of blocks. The 3D model carries
the most complete description of the physical properties of the object (volume, mass, moments of inertia).

In the field of computer modeling for the study and forecasting of the impact of various man-made and natu-
ral factors, many powerful computing systems have been developed in our time. Therefore, for simulation is used
ANSYS (SolidWorks, 2017) — “heavy” software package of engineering analysis. ANSYS is a versatile, finite-ele-
ment software suite designed to solve problems in various engineering areas. The set of ANSYS modules allows you
to solve any complex tasks that a modern researcher might face.

3. Results and discussion

The Vernadsky station is located on the rocky terrain. The terrain was recreated using the station’s plan-
scheme (Fig. 3) and its few photographs in the software environment of the SolidWorks CAD-system using splines.

"ﬂ'

-]
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Fig. 3. Vernadsky station: a) plan-scheme; b) satellite photo.
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Besides the main station buildings (main building, diesel generator, warehouse, carpentry workshop) the
model of wooden bridges that connect all the buildings together was also created. Among the additional structures,
three models of fuel tanks were created (one cylindrical vertical and two rectangular horizontal). All buildings and
additional objects are placed on the assembly model (Fig. 4) according to plan-scheme of the station. Simplifications
used for creating of geometric models will bring no significant errors in the results of the simulation.

Fig. 4. Geometric model of Vernadsky station.

Using the three-dimensional geometric models created in SolidWorks CAD-system, model of Vernadsky
station in 1/612 scale (ANSYS, 2017) was printed using 3D-printer (Fig. 5, a). Because of the limitations that impose
the diameter of the printer nozzle some elements (wooden bridges) were not printed but were created from matches
and added to the model (Fig. 5, b).

a)
Fig. 5. Printed 3D model of Vernadsky station: a) elements; b) full model.

To carry out the simulation of airflow of the station, it is necessary to create an airspace model. The geometric
model of the airspace (Fig. 6) is a parallelepiped from which the model of the station (created earlier) was cut out.
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Fig. 6. Geometric model of station airspace.

The average wind speed is 35m/s, and the maximum — 45m/s near Vernadsky station according to (Neumayer
Station III, Antarctica, 2017). Thus, the infrastructure elements of the station (buildings and tanks) are in adverse op-
erating conditions, since the prolonged exposure to wind load with significant airstream speed can cause excessive
stress and residual strain, the occurrence and development of cracks (through the interaction with low ambient tem-
perature) and other damage.

In order to determine the vector fields of the airflow velocity and its pressure, simulation of the wind load on
the station was carried out using its created geometric model at airflow rates below the average (25 m/s) and above
the average (maximum 45 m/s). The analysis of the obtained results (Fig. 7) allowed determining the most probable
places of snow accumulation. The blue vectors indicate a low velocity of airflow. The most probable accumulation
of snow is in these areas. They are located near the walls of all buildings of the station and in places of significant
change in the terrain of the surrounding area.

The case of wind from the ocean (Fig. 7, b) is more dangerous in terms of the snow accumulation at Vernadsky
station.

Fields of wind pressure (Fig. 8) help us to identify the most loaded elements of the infrastructure, which are
the main building, the fuel tank and the carpentry workshop in case of airflow from the mainland. This result will
allow the development of a set of multi-site damage preventive measures.

Unlike the case of snow accumulation, the case of wind pressure from the ocean (Fig. 8, b) is more secure for
elements of the infrastructure of the station. In both cases of airflow rate (25 m/s and 45 m/s) the pressure distribution
in the “wind from the mainland” case does not change, but the numerical values of pressure change.

The fuel tank is an important element of the station’s infrastructure (Taishan station construction completed,
2017)-(Zshukovsky, Y., Kuzko, O. 2015). Its damage and destruction can lead to terrible consequences. In addition
to wind, one of the most powerful and dangerous external natural loads in Antarctica is the low temperature. In com-
bination with other loads (wind, for example), it can give rise to cracks in brittle materials of the fuel tank. Especially
dangerous is the emergence of brittle cracks in welds which are continuous.
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Fig. 7. Vector fields of velocity: a) wind from mainland (Y-axis view); b) wind from ocean (Y-axis view);
¢) wind from mainland (-X-axis view); d) wind from ocean (-X-axis view).

ANSYS ANSYS

b)

Fig. 8. Fields of wind pressure: a) wind from mainland; b) wind from ocean.

As the simulation results showed that the fuel tank is one of the most loaded elements of the infrastructure, it
is necessary to study in more detail the possibility of cracks development in case of multi-site damage. It is also nec-
essary to develop algorithms and software to facilitate the identification of fuel tank multi-site damage by the operator.

4. Conclusions

The geometric modeling and simulation was applied to study the airflow at Vernadsky station. Analysis of
simulation results showed that the most probable places of accumulation of snow are located near the walls of all
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buildings of the station and in places of significant change in the terrain of the surrounding area. The most loaded
with wind pressure is the main housing and the storage tank for diesel fuel. In this regard, it was decided to addition-
ally create geometric models of the fuel tank to study the effect of multi-site damage in the form of cracks on its in-
tegrity. It is also determined that the main impact on the elements of the infrastructure of the station is the wind from
the mainland, but not from the ocean.
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