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Summary: This paper is shows the
results of the simplified analysis for the
overall seismic response (basic shear
force and momentum) for steel storage
tank with different geometric
characteristics and for different types of
soil. Acceleration of soil is 0,4g. The
tank's purpose is to store liquids such as
sulfuric acid and water. The calculation
has been done according to the
regulation of Eurocode 8 and below is
presented the analysis of obtained
results.
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1. INTRODUCTION

In industrial facilities such as petroleum
and wastewater facilities, liquid storage
tanks are very common. It is very
important to satisfy the seismic demand
of those constructions because of
collapse which is often followed by major
consequences. During the seismic
activity, forces of inertia are induced by
the acceleration of the structure of the
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Pe3sume: VY pagy cy npukasHu pesy-
nTaTM nojegHocTarbeHe aHanu3e 3a
yKynaH CeusMuykM ogarosop (OCHOBHa
cura cMuuaka 1 MOMEHTW NpeBpTara)
Yernu4HOr pe3epBoap 3a CKNnagullTeHe
pasnuuuTe BPCTE TEYHOCTU ( CyMMopHa
KMCenuHa, BoAda) ca pasnuyuuTMMm reo-
METPUCKUM  KapakTepucTukama u 3a
pasnuuute TUNOBe TNna, a npu yop3awy
Tna og 0,49. MNpopayyH je cnpoBeaeH y
cknagy ca ogpepbama EBpokoga 8 wn
npvkasaHa je aHanmsa [obGujeHux
pesynTara.

KrbyuyHe peumu: EBpokoa, 4enuuHu
pesepsoap, Boga, CyMMnopHa KnucenvHa,
cenamuka

1. yBOA

Y MHOYCTPUWjCKMM MNOCTpOjewnma, Kao
LITO Cy nocTpojewa 3a 0bpagy HadTe
unuM oTnagHux Boda, pesepsoapu 3a
cknaguiiTere TEYHOCTM Ha 3eMribu Cy
Bpro vectn. 3agoBorbasajyhu censmu-
YKM OA3MB TakBuMx objekata je of
npecyaHor 3Hadvaja jep konanc obuyHo
pesyntupa TewkuMm  nocrneavuama.
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tank and the hydrodynamic force caused
by liquid acceleration. Liquid mass in the
bottom part of the tank behaves like a
hard mass attached to the wall of the
tank and it is called impulse liquid mass.
This, impulse liquid mass accelerates
along with the tank wall and it induces
impulse hydrodynamic pressure. The
liquid mass in the upper part of the tank
is subject to the fluid movement and is
called a convective liquid mass and it
induces  convective  hydrodynamic
pressure.

The analysis was performed on a steel
tank, for different filling levels with
variable ratio of liquid height and tank
radius (H / R). The tank is an overhead
cylindrical structure made up of curved
sheets 5 cm thick. Different types of soil
were considered in the analysis at the
same soil acceleration.

2. DYNAMIC MODEL

The behavior of the reservoirfluid
system exposed to seismic activity can
be assessed using various powerful
software tools. However, the overall
seismic response (basic shear force and
overturning moments) can also be
properly evaluated using some of the
simplified dynamic models. Only the first
vibration modes must be taken into
account in the analysis. In the case of
steel tanks, the wall can be considered
flexible, and in the case of concrete
tanks, the wall is considered rigid. In this
paper, attention will be focused on steel
tanks. In dynamic model shown in
Figure 1.: m; and m, signify the impulse
or convective masses of liquids, h;
signifies the height where the resultant
of the impulse pressure, h, signifies the
height at which the convective pressure
is the result, , h; indicates the height at
which the resultant convective pressure
on the wall and base is found. The inner
radius of the tank is marked with R, the
fluid height with H, and all heights are
measured from the bottom of the tank
wall. The parameters of the dynamic
model depend on the geometry of the

ToKOM censmMuyKor fenoBaka, UHepLu-
janHe cune cy wuHayuupaHe ycnepg
ybp3atba CTPYKType pesepBoapa MU
XMOpoauHaMuyke — cune,  M3asBaHe
ybp3atem TeyHocTU. TeyHa Maca y
OOHeM [eny pesepBoapa MNoHawa ce
Kao Maca Koja je 4YBpPCTO MoBes3aHa ca
3OoM  pesepBoapa W HasuBa ce
umnyrncHa TevyHa maca. OHa y6psaBa
3ajeqHo ca 3ugom pesepsoapa U
WHAYKYje WUMMYNCHU XUAPOANHAMUYKM
nputucak. TeyHa maca y ropwem aeny
pe3epBoapa noasfiexe Kpetamwy TeYHO-
CTU M Ha3uWBa Ce KOHBEKTMBHA TeYHa
Maca W OHa WHAOYKYje KOHBEKTUBHU
XUAPOAUHAMUYKM NPUTUCAK.

AHanusa je cnpoBefeHa Ha YennyHoMm
pesepBoapy, 3a pasfnMuuTe HUBOE
nytewa ca MNPOMEHIBUBUM OOHOCOM
BUCUHE TEYHOCTM W pagujyca pese-
pBoapa (H/R). Pe3sepBoap je HaalemHa
UMMUHAPWYHA KOHCTPYKUMja cayntbeHa
oL 3aKpUBIbEHUX NuUMoBa AebrbuHe 5
cm. Y aHanuau cy pacmaTpaHu pasnu-
YATU TUMOBU Tra Mpu UCTOM ybOp3aky
Tna.

2. OUHAMWYKM MOLOEN

MoHawawe  cuctema  pesepBoap-
TEYHOCT M3MOXEHOr CEN3MUYKOM Aeno-
Bakby MOXe Cce npoueHuTn nomohy
pasnuMuuTMX  MORHWX  COMPTBEPCKMX
anata. Wnak, ykynHu cemsmmnykm oaro-
BOp (OCHOBHa cuna cMuLaka 1 Mome-
HTW npeBpTaka) ce Takohe Mory
NPaBWUITHO  MPOLEHUTU  KOPULLTEHEM
HEKMX O MOjeQHOCTaBIbEHNX AWHa-
MUYKMX Mogena. Y crnyyajy YenmyHux
pesepBoapa 3ua Ce MOxe cmaTpaTu
drekcnbunnHmm, a y criyyajy 6eToHCKnx
pesepBoapa, 3ug ce cmaTtpa Kpytum. Y
OBOM pagy naxwa he 6utn ycmepeHa
Ha uJenuyHe pesepBoape. Y [AvHa-
MUYKOM MOZEnNy npukasaHoM Ha Cnuum
1. m; i m, oO3HayaBajy WMMNyNncHe
OOHOCHO KOHBEKTMBHE Mace TeYHOCTH,
a h; 03Ha4aBa BUCWHY rae je pesynTaHTa
UMMYfCHOr npuTUCKa, h, O3Ha4aBa
BUCMHY Ha KOjOj je peay-nTaHTa
KOHBEKTUMBHOI MpuTUCKa, h; O3Ha4aBa
BMCWHY Ha KOjOj Ce Hanasu pesyntaHta
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tank. In addition to the already defined
sizes, the coefficients C; and C, related
to the natural periods of impulse and
convective vibration modes appear as
dynamic model parameters.

Impulsive natural vibration period :

H-\p
Timp =Ci s—f

S JE
x
Convective vibration period:

Tcon :Cc \/E

H

KOHBEKTMBHOI NMpuUTuUCka Ha 3ug u 6asy.
YHyTpawwn pagujyc pese-poapa je
o3Ha4eH kao R, BucuHa TeuHocTn ca H,
a CBe BUCWHEe Ce Mepe of AHa 3uga
pesepBoapa. [lapameTpu AMHaAMUYKOr
Moferna 3aBuce oA  reomeTtpuje
pesepBoapa. [lopepn Beh aedumHucaHmnx
BENMMYMHA, Kao napa-mMeTpu AuHamMu4Kor
Mofena nojaerbyjy ce n koeduumjeHTn
C;i C., KOju ce ogHOCe Ha MpupoaHe
nepvoge MWMMNYNCHUX U KOHBEKTUBHMUX
mMopfoBa Bubpauuja.

VimnyncusHu
Bubpauuja:

NPUPOLHM nepviog,

EN 1998-4 Annex A 3.2.2 (A.35) (1)

KoHBekTMBHM nepuog Bubpauumja:

EN 1998-4 Annex A 3.2.2 (A.36) (2)
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Cnuka 1 — KOHBEKTUBHM U UMMYNCUBHM €0 Mace
Figure 1 — Convective and impulsive part of the mass
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Cnuka 2 — KoHBektuBHu 1 umnyncusHu koeficijent Cci Ci
Figure 2 — Convective and impulsive soefficients Cc and Ci

Liquid level in the tank / HuBo Te4HocTn y pesepsoapy: H
Unit weight of liquid / 3anpemuHcka TexuHa TeyHocTn: Y

Tank radius / Pagujyc pesepBoapa:

Modulus of elasticity / Mogyn enactuyHocTu:

The density of the liquid in the tank /
l'ycTuHa TEYHOCTM y pesepBoapy:

The average wall thickness of the tank /
Cpegamna oebrouHa 3uaa pesepBoapa:

R
E = 21000kN / cm?

Yo,

$=0,05m

Water mass in the tank / Maca Te4HocTn y pesepsoapy: M
Non-dimensional coefficient / BesagumeHsnoHanHu koeduumnjeHT C;

coefficient C, expressed in s/m®°/ Koedouumjent C, napaxery s/ m®°

Total shear force

Q :(mi +my + mr)'Se (Timp)"’ me - Se (Tcon)
Where is:
m, - represent the mass of the tank roof
m,,- stands for the mass of tank wall
Se (Timp) - Impulse spectral acceleration

Se(Teon ) - convective spectral acceler-
ation

Overturning momentum above the
foundation slab

M =(m; -hi+mW~hW+mr-h,)-Se(Timp)+mc~hC

Where is:
h. — brunt roof height of the tank,

h,, — brunt wall height of the tank

YKyI'IHa cuna cMulamba

EN 1998-4 Annex A (3)
loe je:
M, - Maca kpoBa pesepsoapa,
m,- Maca 3ufoBa pesepsoa
S, (Timp) - IMnynicHo cnekTpanHo
ybp3ame,
Se (Tcon ) - KOHBEKTUBHO CEKTPAINHO
ybp3ane

MoMeHT npeBpTakba U3HA[ TeMerbHe
nno4ye

+Se (Teon ) EN 1998-4 Annex A (4)

loe je:
h, - TEXMULLUHA BMCHHA KpoBa
pesepsoapa,
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Overturning momentum below the
foundation slab

M ':(mi -+ My <Py + Mg < ) S (Timg ) + Me - g - S (Teon ) EN 1998-4 Annex A

3. ANALYSIS OF RESULTS

A steel tank of cylindrical shape with a
roof-shaped roof is examined, relying on
the base reinforced concrete ring and
attached to the foundation through
anchors leaning against the console
sheets welded to the cylindrical shell of
the tank. The analysis includes a
storage tank for water and sulfuric acid,
with different geometric characteristics
(H /R ratio in the interval 0.5 - 3), and for
different types of soil (A, B, C, D, E), and
with a maximum acceleration of soil is
0,4g.

The dependence of the basic shear
force on the ratio H/ R, for the soil
category A
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TeXunwHa BUCUHaA 3naa

MoMeHT npeBpTakba ucnog TeMerbHe
nno4ye

(®)

3. AHAJIU3A PE3YNTATA

MocmaTpa ce 4YenuuyHu pesepsoap
LUNUHOPUYHOT OGnMKa ca KpOBOM Y
06nuKy Kynore, OCroHEeH Ha TeMESbHU
apMMUPaHOBGETOHCKM MPCTEH W Npu-
yBpwheH Ha Temerb MpPEeKo aHkepa
OCIOHEHUX Ha KOH30MHE NUMMOBE Koju
Cy 3aBapeHW 3a UWMNMUHAPWUYHWU nnawT
pesepBoapa. AHanun3oMm je obyxBaheH
pesepBoap 3a CKnaguwTerwe Bode U
CYMMOPHE KUCENWHE , Ca pasnuMyuTuUM
reoMeTpujCKUM KapakTepucutTMkama
(ogHocom H/R y nHtepsany 0.5 - 3), n 3a
pasnuymTe TUNoee tna (A, B, C, D, E), a
npu MakcumanHom y6p3awy Tna of
0,4g.

3aBUCHOCT OCHOBHe cuile cMuuaka
opn ogHoca H/R, 3a kateropumjy Tna A

——Seriesl

= Series2

2.5 3 3.5

Cnuka 3 — kpuBa 1 cyMOpHa kucenuHa, kpua 2 Boga
Figure3 — series 1 sulfuric acid, series 2 wate
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3aBMCHOCT MoOMeHaTa
M3Hap TeMerbHe nnoye
H/R, 3a kaTteropujy Tna A

The dependence of the overturning
momentum above the foundation
slab on the ratio H/ R, for the soil
category A
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Cnuka 4 — kpuBa 1 cymMOpHa KMcenvHa, kpusa 2 Boga
Figure 4 — series 1 sulfuric acid, series 2 water

3aBMCHOCT MoOMeHaTa
ucnop TeMerbHe nro4e
H/R, 3a kaTeropujy Tna A

The dependence of the overturning
momentum below the foundation
slab on the ratio H/ R, for the soil
category A
161]30.
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Cnuka 5 — kpuBa 1 cymMoOpHa kucenuHa, kpuea 2 Boga
Figure 5 — series 1 sulfuric acid, series 2 water
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The dependence of the basic shear
force on the ratio H/ R, for the soil
category B
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Cnuka 6 — kpuBa 1 cyMOpHa KucernuHa, kpuea 2 Boga

Figure 6 — series 1 sulfuric acid, series 2 water

15 2 25, 3 3.5

npeBpTamwa
o4 oAgHoca

npeBpTawa
oA oAHoca

3aBMCHOCT OCHOBHE cure cMuuamba
opa ogHoca H/R, 3a kateropujy Tna B
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The dependence of the overturning
momentum above the foundation
slab on the ratio H/ R, for the soil
category B

3aBMCHOCT MOMeHaTa npeBpTamba
M3Hap TeMerbHe nrnovye of ogHoca
H/R, 3a kaTeropujy Tna B
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Cnvka 7 — kpuBa 1 cymopHa KnucenvHa, kpmea 2 Boga
Figure 7 — series 1 sulfuric acid, series 2 water

The dependence of the overturning
momentum below the foundation
slab on the ratio H/ R, for the soil
category B

3aBUCHOCT MOMeHaTa npeBpTakba
ucnoa TemerbHe nno4ye oA oAHoca
H/R, 3a kaTeropujy Tna B
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Cnuka 8 — kpuBa 1 cyMOpHa kucenuHa, kpuea 2 Boga
Figure 8 — series 1 sulfuric acid, series 2 water

The dependence of the basic shear
force on the ratio H/ R, for the soil
category C
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3aBMCHOCT OCHOBHe cune cMuuakba
opa ogHoca H/R, 3a kateropujy Tna C
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Cnuka 9 — kpuBa 1 cymMOpHa KMcenvHa, kpusa 2 Boga
Figure 9 — series 1 sulfuric acid, series 2 water
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The dependence of the overturning
momentum above the foundation
slab on the ratio H/ R, for the soil
category C

3aBMCHOCT MOMeHaTa npeBpTamba
M3Hap TeMerbHe nnovye of ogHoca
H/R, 3a kaTteropujy Tna C
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Cnuka 10 — kpvBa 1 cyMOpHa KncenuHa, Kpyea 2 Boga
Figure 10 — series 1 sulfuric acid, series 2 water

The dependence of the overturning
momentum below the foundation
slab on the ratio H/ R, for the soil
category C

3aBMCHOCT MoOMeHaTa npeBpTamba
ucnoa TeMerbHe nrno4ye oA ogHoca
H/R, 3a kaTeropujy Tna C
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Cnuka 11 — kpmBa 1 cyMopHa KncenuHa, kpyea 2 Boga
Figure 11 — series 1 sulfuric acid, series 2 water

The dependence of the basic shear
force on the ratio H/ R, for the soil
category D

3aBUCHOCT OCHOBHe cuile cMuuaka
on ogHoca H/R, 3a kateropujy Tna D
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Cnuka 12 — kpuBa 1 cymoOpHa KucenuHa, kpusa 2 Boga
Figure 12 — series 1 sulfuric acid, series 2 water
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The dependence of the overturning
momentum above the foundation
slab on the ratio H/ R, for the soil
category D

3aBMCHOCT MOMeHaTa npeBpTamba
M3Hap TeMerbHe nrnovye of ogHoca
H/R, 3a kaTeropujy Tna D
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Cnuka 13 — kpmBa 1 cymop

Ha KucenuHa, Kpmea 2 Boga

Figure 13 — series 1 sulfuric acid, series 2 water

The dependence of the overturning
momentum below the foundation
slab on the ratio H/ R, for the soil
category D

3aBUCHOCT MoOMeHaTa npeBpTaba
ucnoa TeMerbHe nrnoye oA ogHoca
H/R, 3a kaTeropujy Tna D
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Cnuka 14 — kpvBa 1 cyMOpHa KncenuHa, kpvea 2 Boga
Figure 14 — series 1 sulfuric acid, series 2 water

The dependence of the basic shear

force on the ratio H/
category E

R, for the soil

3aBMCHOCT OCHOBHE cure cMuuamba
op ogHoca H/R, 3a kateropujy Tna E
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Cnuka 15 — kpmBa 1 cyMopHa KncenuHa, kpmea 2 Boga
Figure 15 — series 1 sulfuric acid, series 2 water
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The dependence of the overturning
momentum above the foundation
slab on the ratio H/ R, for the soil
category E

3aBMCHOCT MOMeHaTa npeBpTamba
M3Hap TeMerbHe nnovye of ogHoca
H/R, 3a kaTteropujy Tna E
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Cnuka 16 — kpuBa 1 cymOpHa KucenuHa, kpusa 2 Boga
Figure 16 — series 1 sulfuric acid, series 2 water

The dependence of the overturning
momentum below the foundation
slab on the ratio H/ R, for the soil
category E

3aBMCHOCT MOMeHaTa npeBpTamba
ncnoa TemerbHe nno4ye oA oAHoca
H/R, 3a kaTeropujy Tna E
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Cnuka 17 — kpuBa 1 cymoOpHa KucenuHa, kpusa 2 Boga
Figure 17 — series 1 sulfuric acid, series 2 water
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Impact analysis for H / R = 3 ratio AHanunsa ytuuaja 3a ogHoc H/R=3 y
depending on soil type 3aBMCHOCTM oA TUNa Tna

A

B C
m sulfuric acid/ sumporna kiselina mwater/voda

Cnuka 18. OcHoBHa cuna cmulara 3a ogHoc H/R=3 y 3aB1CHOCTU of Tuna Tna
Figure 18. The basic shear force for the ratio H/R=3 depending on the soil type

20000
18000
16000
14000
12000

A B C D E
H sulfuric acid/ sumporna kiselina Ewater/voda

Cnwuka 19. MomeHT npeBpTaka nsHag TemerbHe nrnoye 3a ogHoc H/R=3 y 3aBucHoOCTU o

TMNa Tna

Figure 19. Overturning momentum above the foundation slab for the ratio H/R=3

depending on the soil type
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M sulfuric acid/ sumporna kiselina

B water/voda

Cnuka 20. MoMeHT npeBpTaka ncnog TemersHe nnoye 3a ogHoc H/R=3 y 3aBucHocTu og
TMna Tna
Figure 20. Overturning momentum below the foundation slab for the ratio H/R=3
depending on the soil type

4. CONCLUSION

After the seismic analysis of the steel
liquid storage tank, this study shows the
moments of overturning and shear force
at a maximum acceleration of soil is
0,4g. The analysis of the results is based
on three parameters: the type of liquid to
be stored, the relationship between the
height of the fluid in the tank and the
inner radius (H / R), and the soil
categories. The analysis showed that
shear forces on the basis of reservoirs
and overturning moments increased
with an increase in the H / R ratio. In
addition to the H / R ratio, another very
important parameter is the liquid that is
stored, in the paper it can be seen that
significantly higher seismic impact
values arise from the storage of sulfuric
acid in relation to water. Also, the impact
of the soil category should not be
ignored, where it is clearly seen that the
category "E" gives the greatest impacts
while category "A" gives the least
impact. It should be noted that the
categories of soils that are aligned in
alphabetical order of the same order, in
turn, do not give more results. Since, in
practice, we can not control the design

4. 3AKIbYYAK

HakoH cnpoBegeHe ceunsmudke aHa-
nnM3e YenUYHOr pesepBoapa 3a ckna-
OVITEHE TEYHOCTU Y OBOj CTyAMjU Cy
npuKkasaHn MOMEHTW MpeBpTawa U
cmuyyhe cune npu  MakcMmasrHoOMm
ybp3awy Tna 0,4 g. AHanu3a pe3y-
fiTata Ce 3acHMBa Ha OCHOBY Tpu
napamTepa: BpCTe TEYHOCTM Koja ce
CKINaauwWTh, OQHOCA BUCMHE TEYHOCTU Y
pesepBoapy W yHyTpalwmer pagujyca
(H/R) n kateropvje Tna. AHanusa je
nokasana ga cwne cmuuarwa Ha 6asu
pesepBoapa W MOMEHTU MpeBpTaka
pacty ca noeheawem opgHoca H/R.
Mopen ogHoca H/R gpyrn Beoma 6utaH
napameTtap je TEYHOCT Koja ce ckna-
OWWTW, Yy pagy ce BMAM Aa 3HaTHO Behe
BPEOHOCTM CEU3MUYKMX yTuuaja Ha-
CTajy ycrnea cknaguwiTera CyMnopHe
KncenuHe y ogHocy Ha Bogy. Takohe He
Tpeba 3aHemapuTu yTuLaj KaTeropwuje
Tna, rge ce jacHo BuAM fa Karteropuja
,E“ Oaje Hajeehe yTuuaje Ook kaTe-
ropuvja ,A“ paje Hajmambe yTuuaje.
Tpeba HanomeHyTn Oa kateropwje Tna
Koje cy nopehaHe abeuenHWM penom
UcTMM TUM pedoMm He pfajy  Behe
pesyntate. C 063Mpom ga ce y npakcu
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of the soil category and type of liquid that
can be stored in the tank, but the sheer
force and the overturning moments can
be controlled by the H / R ratio. From
which it follows that the H / R ratio is the
most important parameter in seismic
analysis.

npwv NpPojekToBakYy HE MOXe yTuLaTh Ha
NpoMeHy kaTeropuje Trna W BpCTY
TEYHOCTM KOja Ce cKnaguwTu y pe-
3epBoap cmuyyhe cune u MOMEHTU
npeeBpTaka MOFy Ce KOHTponucatu
ogHocoM H/R. 3 yera npousunasu ga
je ynpaBo ogHoc H/R HajBaxHMju

napameTap y CeM3aMu4Koj aHanuau.
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