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Abstrakt. To prevent the large-scale contamination at the Vernadsky Station the development of the automated ear-
ly-warning system of the leak fuel possibility is predicted in the State Target Scientific-Technical Research Program in
the Antarctic for 2011-2020. An important component of the system is a subsystem of control and visualization the
tensioned-deformed condition of the 200 m? reservoir construction providing the lack of the necessary technical docu-
mentation and of data by the current thicknesses both walls and welds of reservoir.

The impact of corrosion from diesel fuel was studied on the carrying capacity of the conditional reservoir model
(CRM). Using the finite elements method, which is implemented in software complex NASTRAN, the mathematical
modeling was carried out of the CRM nonlinear behavior considering thinning of its wall in the system with protective
capacity under the static loads action. Six options of the walls thinning were accepted in the various reservoir zones in
0.25,0.5,0.75, 1.0, 1.25, 1.5 mm.

Nonlinear calculations of the CRM both tension-deformed state and stability were carried out using the modified meth-
od of the incremental Newton-Raphson load. Studies have shown that thinning of the walls on 1.5 mm reduces the stock
stability approximately in 30%, with the maximum intensity for all options of wall thinning is observed in the lower
zone of the CRM with the protective capacity.

The obtained results can be immediately applied for analysis of the carrying capacity of the real reservoir construction
after obtaining of the quantitative characteristics of the walls reservoir thicknesses and after the technical documenta-
tion development for the real reservoir construction.

Key words: metal corrosion, quantification of carrying capacity of fuel reservoir.

Ouninka BILIUBY KOPO3ii MeTa/ly Ha Hecy4yy CIIPOMOKHICTh NAJIMBHOIO pe3epByapa.
0. O. Jlyx’sindenko, 0. B. Bopona, O. B., Kocrina, O. B. Ky3bko, O. A. Kupuuyx

Pedepar. [lns 3anobiraHHs 3a0pyIHEHHIO HABKOJMIIHBOTO CEpPENOBHINA HAa aHTAPKTHYHINA cTaHLii «Akaaemik
Bepnazncbkuity y JlepsxaBHiii LinboBiii HayKOBO-TeXHiuHiil mporpami gocniikenb Ykpainu B AHTapkTuii Ha 2011-2020
pp. nependadeHa po3podka aBTOMATH30BAaHOI CHCTEMH PAaHHbOrO TONEPEKEHHsS MOMXJIMBOCTI BUTOKY MalbHOTO.
BasknnBoro cki1aJoBOIO 3a3HaueHOT CHCTEMH € ITiIccTeMa KOHTPOJIO i Bizyasizauii HarmpykeHo-1e(opMOBaHOTO CTaHy
KOHCTPYKIT pe3epByapy emuicTio 200 M> B yMOBax HecTadi He0OXiIHOT TEXHIYHOT JOKyMEHTAlliT Ta JaHUX PO MOTOUHI
TOBLIMHU CTIHOK i 3BapHUX LIBIB pe3epByapy.

B pobori mocnimpKyeTbest BNIMB KOpo3ii MeTany Ha Hecydy CHpPOMOXHICTb yMOBHOI Mozelni pesepByapy (YMP)
emHicTio 200 M® A71st JU3€JIBbHOrO MaJibHOrO. 3a JOMOMOrOI0 METOY CKiHUEHHHMX eJIeMEHTIB, sKUii peanizoBaHuil B
nporpamHomy komriekci NASTRAN, BuUKOHAaHO MaTemMaTH4yHe MOJCJIOBAaHHs HeJiHiliHOi noBeninku YMP 3
ypaxyBaHHSM NOTOHIIEHHS HOTO CTIHKM B CHCTEMI i3 3aXMCHOIO EMHICTIO ITPY JIif CTAaTHYHUX HaBaHTaXkeHb. [IpuitHsTo
IIIiCTh BapiaHTiB MOTOHIICHHS CTIHKH MiJl J1iet0 KOppo3ii y BUMIISII 3MEHILEHHS TOBILMHH Pi3HUX MOSCIB pe3epByapa Ha
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0.25, 0.5, 0.75, 1.0, 1.25, 1.5 mm. Bukonani HeniHiliHi po3paXyHKH Hampy>keHO-Ae(OPMOBAHOTO CTaHy i CTiKOCTI
VYMP 3a gonomororo Moau(ikoBaHOro METOAY MOKPOKOBOro HaBaHTakeHHs Hbrorona-Padcona. HocnimkeHHs
MOKa3ajH, O MOTOHLICHHS CTiHKK Ha 1.5 MM 3MeH1Iye 3anac cTiikocTi mpudauzno Ha 30%, mpu LbOMY MakCUMaIIbHi
Hanpy>KeHHs JIUTsl BCIX BapiaHTiB MOTOHILEHHSI CTIHKU CIIOCTEPIraroThesi B HIKHbOMY T10sici Y MP 3 3aXicHOIO eMHiCTIO.
OnepykaHi pe3yJibTaTi MOXHA HEraifHO 3aCTOCYBaTH [UIsl aHaJli3y Hecy4oi CIPOMOXKHOCTI peasibHOi KOHCTPYKLii miciist
oZnepKaHHsI KiTbKICHIX XapaKTePUCTHK TOBILMH CTIHOK i po3po0KH TeXHIYHOT JoKyMeHTalii Ha peanbHy KOHCTPYKIIi0

pesepByapy.

1. Introduction

Destruction of oil tanks and pipelines structures creates the major threats of environmental disasters.
At the Antarctic Stations to prevent such accidents the necessary measures are regulated in the Antarctic
Treaty System [1]. In pursuance of this Protocol National Antarctic Scientific Centre (NASC), National
Technical University of Ukraine “Kyiv Polytechnic Institute” (NTUU “KPI”"), Kyiv National University of
Construction and Architecture (KNUCA) developed additional measures [2] to ensure the environment
protection at the Ukrainian Vernadsky Station from specific threats from the new reservoir of the 200 m?3
diesel fuel capacity.

In particular, the presence of such threats was fixed [3]:

* Lack of the necessary technical documentation for the real reservoir construction, therefore, lack
of the real carrying capacity calculation for the real reservoir construction;

« Lack of the quantitative characteristics of the reservoir welds defects the and the lack of the thick-
nesses quantitative characteristics of the reservoir joints and walls which are necessary for calculation of
the carrying capacity of the reservoir real construction.

In turn, a special threat for reservoir welds and walls is the metal corrosion due to the aggressive
influence of the diesel fuel which further reduces the reservoir carrying capacity.

Given the above-mentioned, the specialists team of NASC, NTUU «KPI», KNUCA has proposed
Project for the development of the automated early warning system of the fuel leakage possibility from the
new reservoir, which was included in the State Target Scientific-Technical Program of Research in Antarctica
for 2011—2020 in the field «New technologies. «

The Project was supported on the Symposium of Annual (2012) Meeting of the Council of
Managers of National Antarctic Programs (COMNAP) [4] and was included in the Strategic Plan
COMNAP on 2013 — 2015. The important component of the proposed Project is the subsystem of the
regular monitoring and visualization of the carrying capacity of the real reservoir construction. The aim
of this study is the evaluation of the corrosion impact on the carrying capacity of the conditional reser-
voir construction (CRC) to determine the conditions of the possible loss of the reservoir mechanical
stability.

2. Mathematical modeling of the CRC carrying capacity

The fuel reservoir with the protective capacity is the complex spatial thin-walled shell construction.
The construction carrying capacity is ensured by the compliance with conditions of its strength and stabil-
ity. Practice proves more dangerous for thin-walled structures are the non-fulfillment of the stability con-
ditions. Construction stability is considered secured if buckling load (critical load) is greater than the
calculated limit load which is calculated according to [12]. The main influencing factor is the walls geo-
metric imperfections which have an influence on the decline of the critical load for the thin cylindrical
shells [5, 6, 7, 8].

The software complex of finite-element analysis (MCE) MSC.NASTRAN [9] ] was used to investi-
gate the stability of the fuel reservoir system with spare capacity. Diesel fuel reservoir is a metal cylinder
with a height of 5.96 m and with a diameter of 6.63 meters, which is inside a protective metal cylindrical
shell by a height of 6.58 m and by a diameter of 6.96 m. The walls of the shells ware welded from rolled
sheets by 5 mm thickness. In this paper the finite-element model of the reservoir with the protective capac-
ity is formed based on the assumption for welds according to the recommendations of the complex
NASTRAN developers. The shells walls are modeled in the zones forms, consisting the surfaces (bodies),
whose dimensions are corresponded to rolled sheets (Fig. 1).
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a) protective capacity b) fuel reservoir
Fig. 1. Modeling of shall walls.

Each surface is presented by the set of flat rectangular finite elements with six degrees of freedom in
the node type Plate (Fig. 2).

Fig. 2. The finite element of the Plate type.

The finite-element model of the fuel reservoir construction with protective capacity is shown in
Fig. 3. The circumference of the inner shell is divided into 90 parts, by a height — into 20; Outdoor: by a
circle — into 72 parts, by a height — into 22. Tubulures (pipes) for pumping and draining fuel have a di-
ameter of 3 inches and a length of 0.16 m and are modeled by two types of Tube rod elements. The four-cor-
ners flat inner shell finite elements are replaced with the three-corners elements in the tubulures mount-
ing places. The quantity of flat two-dimensional finite elements of the full model is 3548, the knots
quantity — 3392.
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Fig. 3. Finite-element model of two shells set.

According to the existing technical documentation [3] shells are made from the material St3ps2
which physical characteristics are given in the Table H.1 [10].

Boundary conditions are adopted in accordance with: translational movement along the radius are
limited in the internal nodes of the reservoir lower edge, the rotational movement are limited around the
radius and the tangent (modeling placing the reservoir on oak girders). The nodes of the reservoir lower
edge of the outside reservoir are rigidly mounted. On the nodes of upper edges of the two shells the restric-
tions are put by the range and by generators (simulation of movement restriction by reservoir roofs).

The main loads on the reservoir with diesel fuel are: the fuel weight load, the roofing and technolog-
ical equipment. According to [11] the fuel weight is the long-term variable loads. It is modeled in the form
of a triangle-divided lateral pressure on the inner surface of the reservoir, which the maximum threshold
value is 70257.7 Pa by the fully filled reservoir. The load of the reservoir roof and equipment weights relates
to constant load and is modeled in the form of concentrated forces applied to the respective nodes of the
shell upper edge. The limiting estimated load of the roof weight on the reservoir one node is 624.86 H, the
maximum value of the equipment weight is 259.56 H.

3. Modeling the corrosion impact on the reservoir wall thinning
The corrosion of the reservoir walls metal is considered through the modeling of a conditional re-

duce its thickness to 0.25, 0.5, 0.75, 1.0, 1.25, 1.5 mm. The six options (schemes) are accepted of the rolling
sheets thinning of the reservoir walls zones which are represented in Fig. 4.

Scheme | Scheme 11 Scheme 111

Fig. 4. Thinning options of fuel reservoir walls (Scheme I, Scheme II, Scheme III).
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Scheme IV Scheme V Scheme VI

Fig. 4. Thinning options of fuel reservoir walls (Scheme IV, Scheme V, Scheme VI).

The nonlinear study of the fuel reservoir behavior, its tensioned-deformed state and stability under
the action of static loads are performed based on the finite-element model structure (Fig. 3) under various
schemes thinning (Fig. 4) and varying the wall thickness of the fuel reservoir.

4. Exploration methods of the fuel reservoir carrying capacity

According to regulations [10, 11] the constructions should to be calculated by the method of limiting
states, the main provisions of which are aimed at ensuring of the design reliability and during the construc-
tion and operation. Construction reliability is provided when the estimated efforts, tensions, deformations
and displacements does not exceed the relevant thresholds laid which are down by the structural design
rules. In the paper carrying capacity of the fuel reservoir from the static load is investigated using the pro-
cedure of solving nonlinear statics task by the Nonlinear Static, which is implemented in the NASTRAN
software complex.

The equations of the structure equilibrium are formed on the basis of possible movements, and are
solved using the modified method of the Newton-Raphson’s incremental load. According to recommenda-
tions [12] threshold calculated resistance of steel St3ps2 is determined taking into account the characteristic
impedance for liquid limit of 245 MPa, reliability coefficients for the material of 1.05 and working condi-
tions, which is 0.7 for the first zone and 0.8 for others zones. In the calculation the allowable stress in
model cells is adopted 163 MPa and 187 MPa respectively for the first and the others reservoir belts. As a
calculation result the construction reaction to external influence is presented as a model of moving the same
fields of model nodes, transverse forces, membrane stresses, bending moments and equivalent tensions in
the construction elements.

To study of the structures stability the procedure Nonlinear Static is used in software complex
NASTRAN. It provide an opportunity to analyze the construction tensioned-deformed state at each step
load mode to determine the critical load value and to calculate the stability factor, as the ratio of the critical
load to the limiting calculated value.

The impact of the fuel reservoir wall thinning to its strength is evaluated by means of the obtained
deformation values and equivalent tensions in the model elements. The impact of the fuel reservoir wall
thinning to the reservoir stability is evaluated by means of the safety factor of stability. The fuel reservoir
strength would be considered as secured if the resulting maximum tension in the model elements does not
exceed the allowable value, and the reservoir stability — if the stability factor is more than the required
value of the metal constructions security characteristic, which is 3 and corresponds to the destruction prob-
ability 3*10-5 [11].

5. The study results

Assessing the impact of corrosion on the carrying capacity of the fuel reservoir is carried out
by comparing its states both without and with considering the wall thinning. Table 1 shows the re-
sults of the study reservoir tensioned-deformed state without the wall thinning under the fuel weight
action.
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Table 1
Characteristics of the The fuel load as a part of the reservoir volume
reservoir state
1/4 12 3/4 4/4
Tension, MPa 12,1723 26,5936 41,1051 55,7664
Deformation, mm 0,207 0,476 0,728 0,978

Table 1 shows that the maximum tensions and deformations do not exceed the permissible values and the
reservoir strength is ensured. Fig. 5 shows the reservoir tensioned-deformed state under the full reservoir filling.

a) deformations b) tensions

Fig. 5. Reservoir tensioned-deformed state under the fuel weight action.

For four variants of the reservoir filling the maximum tensions and deformations were observed in the
wall cells near its lower edge. In the reservoir wall near the pipe for draining fuel is a tensions concentration.
The load action of the roof and equipment weight on the reservoir tensioned-deformed state is shown in Fig.
6. The tension maximum 0.603 MPa and deformation maximum 0.016 mm were observed in the cell wall of
the lower reservoir zone. There is the tension concentration in the reservoir wall at the fill pipe for fuel.

a) deformations b) tensions
Fig. 6. Reservoir tensioned-deformed state under the roof and equipment weight action.
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The obtained results indicate that the surface pressure of the fuel weight on the reservoir wall causes
the tension in the model elements much larger than the axial load of the roof and equipment weight.
Therefore, the study of influence of the reservoir wall thinning on its carrying capacity was considered only
the effect of the fuel weight load under the completely filling.

The studies of nonlinear reservoir behavior were made on the basis of six schemes of the wall thin-
ning (Fig. 4) and the thickness reduction of rolling sheets on At = (0,25 + 1,5) mm.
The studies showed that the maximum tensions and deformations by buckling were observed in the fuel
reservoir lower zone under all versions of the wall thinning. Fig. 7 shows the reservoir tensioned-deformed
state by the wall thinning on 1.5 mm in accordance with schemes I and IV under the stability loss.

L
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a) scheme I

b) scheme I1
Fig. 7. Reservoir tensioned-deformed state by the stability loss (At =1,5 mm).

During determining of the critical load (q, ) the condition of wall strength was checked, that is the
tensions maximum must not exceed the allowable tension 163 MPa in the first zone and 187 MPa in other
zones of the reservoir wall.

The condition of the reservoir wall stiffness was checked: the maximum deformations must not ex-
ceed the permissible values. Fig. 8 presents the curve of the reservoir lower zone node moving by the wall
thinning 1.5 mm (Scheme V) from the stepwise applying load (q), which was estimated in four times
greater than the calculated value limit of the operating load (qp). To study the reservoir behavior the modi-
fied method of Newton-Raphson was used. The nonlinearity is observed at the beginning of the load appli-
cation. Loss of stability took place under load, which is critical and in 2.454 times more than the limit cal-
culated value.
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Fig. 8. The stepwise load curve of the fuel reservoir.

The fuel reservoir deformation shape with the same movements under the stepwise loading is shown

in Fig. 9.

a)q=0,52 q,

6)q=162q

Fig. 9. Reservoir deformation form under stepwise loading.
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The maximum displacements were equal to 3.4 mm and were observed in the lower zone of the
reservoir wall at q = 2.454 qp.Tables 2 and 3 show the safety factors of the fuel reservoir stability in the
system with the defensive capacity and without it.

Table 2
Factor stability
E‘clllf;;; (;’_ Fuel reservoir wall thinning At, mm
0,25 0,5 0,75 1,0 1,25 1,5
I 2,8014 2,655 2,4944 2,3395 2,1863 2,0361
11 2,8011 2,6550 2,4941 2,3382 2,1851 2,0354
11 2,8009 2,6548 2,4932 2,3374 2,1849 2,0350
v 2,8007 2,6546 2,4929 2,3368 2,1847 2,0342
\Y 2,8934 2,8934 2,8934 2,8934 2,8934 2,8934
VI 2,89324 2,8922 2,89320 2,89318 2,89313 2,89307
Table 3
Factor stability
Efllrlrfll;:; Fuel reservoir wall thinning At, mm
0,25 0,5 0,75 1,0 1,25 1,5
I 3,3595 3,1781 2,9970 2,8166 2,6367 2,4564
11 3,3589 3,1773 2,9962 2,8154 2,6352 2,4551
111 3,3588 3,1772 2,9961 2,8153 2,6351 2.,4550
v 3,3587 3,1771 2,9960 2,8152 2,6348 2,4549
\Y 3,3865 3,3865 3,3865 3,3865 3,3865 3,3865
VI 3,3865 3.3864 3,3863 3.3862 3,3861 3,3859

The above tables show that for the first four schemes, where there is thinning of the first zone, factor
of stability is reduced with increasing At. Thus, while the wall thickness reducing is 1.5 mm stability safety
factor was decreased by about 30%. When thinning of the upper zone (Scheme V) impact of corrosion on
resistance is not observed. Impact of the thickness reducing of the top two reservoir zones (Scheme VI) on
the resistance is insignificant. Fig. 10 shows the dependence of the stability safety factor from the reservoir
wall thinning for scheme IV. Curve 1 corresponds to the behavior of the reservoir in the system with pro-
tective capacity, curve 2 — without connection with the protective capacity.
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Fig. 10. Dependence of the safety stability factor from the wall thinning.
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The obtained results showed the reservoir state is more dangerous in the system with protective ca-
pacity due to the presence of the two shells joining elements. Therefore, the required reserve of the fuel
reservoir stability is not provided (< 3) [11].

6. Conclusion

The carried out studies confirmed the significant impact of corrosion on carrying capacity of the fuel
reservoir. When thinning of the reservoir walls is 30-35% or more, the reservoir condition should be con-
sidered as dangerous for the further operation.

In view of the obtained results should be:

« to reduce operational load of the fuel weight on the reservoir;

* to introduce regular diagnosis of joints and walls of the reservoir and protective capacity;

* to develop the technical documentation of real reservoir construction.

In the case of these measures implementation this study results can be immediately used to assess
the carrying capacity of the real reservoir construction and to develop solutions for the further reservoir
operation at the Antarctic Station.
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