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The estimation of a stress-strain state of a steel vertical tank with an initial semi-elliptical crack
under the action of hydrostatic pressure is performed. The distribution of stress intensity factors along
the crack front is obtained. A comparison of the results obtained using of semi-analytic finite element
method and of finite elements, being used in different software packages, is made.
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Introduction. The occurrence of crack-like defects is a common
phenomenon in the operation of vertical steel tanks (VST). Such defects can
occur both as a result of violation of the manufacture requirements or tank
installation procedures, as during operation process. Such defects increase
significantly and turn into cracks over the time. According to current
regulations, the operation of VST with cracks is prohibited. At the same time,
the organization, that operating the tanks, does not have the opportunity to
perform repairs immediately often. However, the cases of trouble-free
operation of tanks with non-through surface cracks at the stage of their
sustainable growth, which are confirmed by model calculations, are known.

The most probable areas of cracks occurrence in tanks are:

- connection area of the wall and the bottom of the tank;

- connections of hatches and other elements;

- vertical welds, especially in the lower part of tank (wall panels in the
lower rows), as a zone of maximum internal hydrostatic pressure;

- upper part of tank as the zone of pressure variation as a result of change
of tank filling and condensate action.

Among the various crack-like defects the vertically oriented cracks are the
most dangerous. Such cracks can have different shapes, but the most common
model of them using in the estimated calculations of structures are semi-elliptical
cracks. This type of cracks, in particular, is expected to be considered when
assessing the bearing capacity of equipped NPPs. Therefore, the semi-elliptical
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crack is considered in this work to demonstrate the procedure and possibilities of
finite element analysis of the crack resistance of the HRV-5000 tank.

It is well known that the main factor influencing the level of stresses in the
tank is the hydrostatic pressure due to filling of the oil product. Therefore, in this
work, the crack resistance of the tank was determined precisely under the action
of this load. However, it should be noted that the final assessment of the load-
bearing capacity of such structures requires taking into account of loads, related
to the influence of the external environment, in particular - temperature, wind
pressure and others. The initial defect was taken in the form of a semi-elliptical
crack located on outside surface of the wall panel of the lower part of tank.

The estimation of the crack resistance requires the calculation of the
fracture mechanics parameters [1, 2]. Both direct and energy methods are
widely used to solve this problem. Because the tank is a body of rotation it is
effectively to use the semi-analytical variant of finite element method (SFEM)
for finite element modeling [2, 9]. The procedures of the fracture mechanics
parameters calculation and issues of the results reliability in spatial bodies
using SFEM are reflected in the works of the authors quite fully [2-8]. Given
the assumption of elastic (linear) deformation of the tank, it is advisable to use
a stress intensity factor (SIF). The solution of the problem of SIF calculation is
performed mainly by numerical methods, among which finite element method
(FEM) is the most widespread.

SIF calculation for a semi-elliptical crack in a tank wall. The geometric
scheme of the HRV-5000 tank and the initial data are shown in Fig. 1 and in

Table 1. Mechanical characteristics of material: E=2,1-10° MPa, v=0,3.
The maximum level of filling the tank with petroleum products was accepted
95% of its height.
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Fig. 1. Steel vertical tank HRV-5000

The stress distribution along the height of the tank, obtained on the basis of
FEM when calculating the tank without a crack, at some distance from the
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bottom of the tank coincides well to the values of stresses, calculated
according to the well known relation of the moment-less shell theory (Fig. 2).

Table 1
Wall height, m 12
Height of panel, m 1.5
Level of oil product filling, m 11.36
Estimated wall thickness (by rows of panels, Ist row - 8.7
numbering of rows - from bottom to top), mm 2nd row - 6.7
3rdrow -5.7
4th-8th row - 4.7
Density of oil product, kg/m’ 820
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Fig. 2. Stress distribution along the height of the tank wall

The stress distribution
along the height of the
tank, obtained on the basis
of FEM when calculating
the tank without a crack, at
some distance from the
bottom of the tank
coincides well to the
values of stresses,
calculated according to the
well known relation of the
moment-less shell theory

(Fig. 2).

The calculation of the tank in the presence of the initial crack, the location
of which is shown in Fig. 3(a) was carried out next. A fragment of the tank
wall panels in the lower row is considered as a design scheme (Fig. 3(b)).
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Fig. 3. The location of the crack in the wall of the tank (a)
and the calculation scheme of the wall fragment with a crack (b)
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In addition to the effective hydrostatic pressure qn on the inner wall, the
fragment was loaded by forces acting in the wall towards the circular and
meridian directions (¢, and g,, respectively). The values of these loads were
determined using the stress distributions obtained in the calculation of the tank
as a whole and acting in the corresponding sections, which are limit the
fragment with crack.

The crack modeling was made due to the implementation of the relevant
boundary conditions. The surface of the crack located in the plane z' —z*
(marked in white in Fig. 3(b)). It is considered free from attachments along
2" . All other points of the end surface (marked in gray in Fig. 3(b)) are fixed
along z* .

Fig. 4 shows
three-dimensional
FEM (a) and
semianalytical FEM
(SFEM, b) discrete
models of a wall
fragment of the tank
with a crack. The
“SCAD” software
package was used to
obtain and calculate
the three-dimensional
FEM discrete model.
Studies of the results
convergence showed
that to obtain reliable
values of displacements the finite element dimensions along the crack front
should be at least 10 times smaller than the crack size along the wall thickness

(Fig. 4(a)).
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Fig. 4. Discrete models of FEM (a) and SFEM (b)
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Fig. 5. Convergence of displacements on the finite element size along 2
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The distribution of displacement and stress values along the crack front
(Fig. 6 and Fig. 7), obtained with the use of FEM and SFEM coincide with
each other, which justifies the results reliability.
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Fig. 6. Distribution of displacements Fig. 7. Stress distribution along the crack front

along the crack front

The obtained SIF values differ along the crack front by 50%. The minimum
value of SIF acquires at the point of the front, which is located on the outer
surface of the tank. The maximum value of SIF acquires at the point of the
front that is furthest from the outer surface.

The obtained results show the uneven distribution of SIF along the crack
front, the receipt of which requires the calculation of such problems in the
spatial setting.

Determination of SIF by the direct method is performed on the basis of

displacements values being
calculated in the vicinity of the

5::: % sz Ly crack front. Determination of SIF
300 .;':/" T°r by the energy method is based on
750 Ad the method of reactions. Its
600 2 effectiveness is confirmed by
500 numerical  solutions of test
400 problems [7,8]. The SIF
300 K@) distribution along the crack front
200 —K(J) obtained using SFEM by both
102 - -SCADK(U) direct and energy methods almost

o 10 20 30 40 50 e 70 s @  coincides and agrees well with the
values of SIF calculated by the
direct method when using three-
dimensional FEM (Fig. 8).

Comparison of the received SIF values with the admissible one, established
with regulatory documents, can give the possibility to estimate safety of
operation of the tank with a crack.

Fig. 8. Distribution of SIF along the crack front
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ITuckynos C.O., kpune O.0., Maxcum 1ok FO.B.
BU3HAUYEHHSA TPINMHOCTIAKOCTI PE3SEPBYAPA 3 HAIIBEJAIINITAYHOIO
TPILIUHOIO

BUHHUKHEHHS TPILIMHONOAIOHUX AE(PEKTIB € MOIIMPEHUM SIBUILEM Yy IMPOLECi eKCIuTyaramii
BEPTHKAIBHUX CTaIbHUX pe3epByapiB (BCP). Taki gedextH MOXYTh BUHHKATH SIK Ha [OYATKY
poGoTu pe3epByapiB, IO MOXKe OyTH IIOB’SI3aHMM 13 MOPYLICHHSM YMOB BHIOTOBJIEHHS a0o
MOHTaXXy CJIEMEHTIB pe3epByapy, Tak i B Ipoleci ekcryarawii. 3 yacoM Taki Je)eKTH CyTTEBO
301IBIIYIOTECS 1 IEPETBOPIOIOTHCS HA TPIIMHY. ICHYI0Yi HOpMH 3a60pOHSIOTH ekcIutyaTanito BCP
3 TpimuHaMu. B Toii jke yac B opraHisauii, sika eKCIUIyaTye pe3epByap, HEe 3aBXKIH € MOXKIIMBICTb
oJpa3y BUKOHATH PEMOHT. 3 IPAKTHYHOrO IOCBiLy, BifioMi BUMaaku Oe3aBapiiiHOi eKcCruTyaramii
pe3epByapiB i3 He HACKPI3HUMH [OBEPXHEBHMH TpIllMHAMHK Ha CTaJil CTaJoro pocry, SsKi
HiATBEPPKYIOTHCSL MOJEIbHUMHU PO3paxyHKaMu. B po6oTi mpoBoauThCs aHAi3 TPILMHOCTIHKOCTI
pesepByapa BCP-5000 3 HamiBeliNTHYHOK TPILMHOK IIiJ| JI€I0 TiIPOCTATHYHOrO TUCKY. PiBeHb
3allOBHEHHsI pe3epByapa HaToOmpoaykTamu ckiagae 95% Bin #oro Bucotu. HamiBemintuuxa
TpilMHA PO3TAIIOBAHA B MaHENi HIKHBOTO IOSCY CTIHKH i3 30BHINIHBOI CTOPOHH. Bu3HaueHHs
TPILMHOCTIAKOCTI pe3epByapa 3 TPILMHOI BHUKOHYETHCS Ha OCHOBI KOEQiL[i€HTIB IHTEHCHBHOCTI
nHanpyxenb (KIH). dus BusHauenns KIH BukopucraHo mnpsiMuii Ta eHEpreTHYHI MeETOIH.
BusnaueHHs HanmpyXeHO-1e()OPMOBAHOrO CTaHy BUKOHYETHCSI HA OCHOBI HAIIBAHATITUIHOTO METOLY
ckinuennux enemenTiB (HMCE). Posnonin KIH B310Bx GpoHTY TpIlMHK, OTPUMAaHUH OPIMHM Ta
eneprernynuM Metonamu B HMCE nobpe y3romkyetbes i3 3HaueHHsmu KIH, obuncnenumu npu
Bukopucranti tpuBuMipHoro MCE. Otpumani Benuuuau KIH Binpi3HsAoThCs B3IOBXK (poHTA
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TpitmHu Ha 50%. MinimaneHi 3HayeHHs KIH nHaOyBae B Touli (poHTa, 110 po3TalIoBaHA Ha
30BHILIHINA OBepxHi pe3epByapa. Makcumainsne 3HaueHHss KIH naOyBae B Toumi ¢ponTa, 110
HaWOUIbII  BiojaneHa Bix  30BHIMIHBOI moBepxHi. OTpuMaHi pe3yjabTaTH  I0KAa3yHOTh
HepiBHOMIipHicTs posmominy KIH B30k (poHTY TpilMHH, OTpPUMaHHS SKOrO BHMArae
PO3paxyHKy TaKHX 3a[a4 B IPOCTOPOBIil HOCTAHOBLI.

KiroueBble ciioBa: meron ckinuenuux enemeHTiB (MKE), enintudna TpimuHa, KoedirieHT
IHTEHCHBHOCTI HAaNPYKEHb, pe3epByap.

Pyskunov S.0., Shkryl 0.0., Maksymiuk Yu.V.
DETERMINATION OF CRACK RESISTANCE OF A TANK WITH A SEMI-ELLIPTIC
CRACK

The occurrence of crack-like defects is a common phenomenon in the operation of vertical
steel tanks (VST). Such defects can occur both at the beginning of the operation of the tanks,
which may be associated with a violation of the manufacture conditions or the installation
procedures of the tank elements and during operation. Over time, such defects increase
significantly and turn into cracks. Existing regulations prohibit the operation of VST with cracks.
At the same time, the organization that operates the tank does not always have the opportunity to
perform repairs immediately. There are cases of trouble-free operation of tanks with non-through
surface cracks at the stage of sustainable growth, which are confirmed by model calculations are
known from practical experience. The analysis of crack resistance of the VST-5000 tank with a
semi-elliptical crack under the action of hydrostatic pressure is carried out in the work. The level
of filling the tank with petroleum products is 95% of its height. The semi-elliptical crack is located
on outside surface of the wall panel in lower row of cladding. Determination of crack resistance of
a tank with a crack is performed on the basis of stress intensity factors (SIF). Direct and energy
methods were used to SIF calculation. Determination of the stress-strain state is performed on the
basis of the semi-analytical finite element method (SFEM). The SIF distribution along the crack
front obtained using SFEM by both direct and energy methods almost coincides and agrees well
with the values of SIF calculated by the direct method when using three-dimensional FEM. The
obtained values of SIF differ along the crack front by 50%: the minimum value of SIF acquires at
the point of the front, which is located on the outer surface of the tank, the maximum one - at the
point of the front inside the wall that is furthest from the outer surface. The obtained results show
the quite uneven SIF distribution along the crack front, so that the calculation of such problems
requires the spatial setting of problem.

Keywords: finite element method (FEM), elliptic crack, stress intensity factor, reservoir.

Iucxynos C.O., LLxpviiw A.A., Maxcumiox FO.B.
OMNPEJEJEHUE TPEHMHOCTOWKOCTH PE3EPBYAPA C
HNOJYIJIJIMIITAYECKOM TPEIMHOM

IIpoBeneHa OleHKAa HaIpPsDKEHHO-Ae()OPMHUPOBAHHOIO COCTOSHHUS pe3epByapa ¢ HadalbHON
l'lOJ'lySJ'lJ'll/ll'lTl/l“leCKOﬁ TpeLLLMHOﬁ npu ﬂeﬁCTBMM BHYTPCHHEI0 I'UAPOCTATHYCCKOro OABJICHUA OT
sanonmsonteii  kuakoctu. IlomydeHo  pacmpenpeneHne  K03((GHIMEHTOB  MHTEHCHBHOCTH
HANPSDKEHUH BIOJIb QPOHTA TPELMHEL

KiroueBble cjioBa: Meron KOHeuHbIX dyiemMeHTOB (MKD), amnmmnruyeckas TpelnuHa,
KO3 PHUIMEHT MHTEHCUBHOCTH HAIPSDKEHUH, pe3epByap.
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The assessment of the stress-strain state of a reservoir with an initial semi-elliptical crack
under the action of hydrostatic pressure has been carried out. The distribution of stress intensity

factors along the crack front is obtained.
Tabl. 1. Fig. 7. Ref. 9.
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