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Objective

The report deals with calculation of structural stability of the tank according to EN
858-1 “Separator systems for light liquids (e.g. oil and petrol) and EN 1825-1 “Prin-
ciples of design, performance and testing, marking and quality control”. The calcu-
lation is performed as laid out in C.6 in EN 12566-3 “Pit Test”.

Data

Tank geometry is according to Pipelife drawing no. T 3210 of 2007-02-15
Tank volume: 5 m?

Tank dimensions: diameter appr.1.6 m, length: 2.8 m

Tank wall thickness: 12 mm (mean)

Weight of tank app.: 260 kg

Moulding resin

Type: LLDPE, linear low density polyethylene
Designation: Dowlex 2432

Density: 939 kg/m?

Melt flow index: 3.8 g/10 min

Flexural modulus: 730 MPa

Tensile strength at yield: 19 MPa

Design data

Short term flexural modulus: 730 MPa

Creep flexural modulus (500 h): 275 MPa (estimate)

Poissons ratio: 0.41

Bedding and backfill is compacted and granular material, gravel
Soil modulus: 5 MPa (90 Proctor value)

Soil density: 18 kN/m?

Soil density below ground water: 11 kN/m?

Ground water density: 10 kN/m?

K=0.27 acc. EN 12566-3 2005 section 6.2.1.2

Loads and design conditions

The report deals with long term stress and strain analyses as well as deflection of the
tank subjected to hydrostatic and soil load. The analyses include the interaction of
soil stiffness. The calculation assumed an empty tank submerged 2.5 meters below
ground level for long period of up to 500 hours. The tank is interacted and stiffened
by the granular soil. It is furthermore assumed that there will be no slip between the
tank and soil.

System:

COSMOS, FEA model high order solid elements.
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Figure 1. Due to symmetry, only ~1/4 of the tank will be modelled

Figure 2. Model
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Figure 3: Loads

Figure 4: Soil load is vertical at zone A

Soil load is normal to surfaces at zones B and C
Hydrostatic load is normal to all surfaces at A, B, C and D
All loads vary with heights
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Loads
The tank is submerged in the ground 2.5 meters below the surface. The load distri-
bution is shown in Figure 3.

Figure 5: Hydrostatic logd

q,, = H x18kN/m’

T g, =KxHx11kN/m’

Figure 6: Soil loads
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All loads are varying linearly with height (H).

Where hydrostatic load is normal to all surfaces, except opening which is assumed
that there is a vertical pipe up to ground level.

Soil load is vertical to surface, only acting at the top over 120° and normal to sur-
face over 60° horizontal.

The external pressure load due to hydrostatic and soil will be as follows:

Soil vertical load is ¢s=18 x H (kN/m?) at 120° at top and ¢, = 0.27 x11x H
(kN/m?) at 60° at horizontal section Hydrostatic load p = 10 xH (kN/m?) normal to
all surfaces.
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Results

Stress Analysis

Model name: TANKSIMPLE
Study name: Senarod
Plot type: Static nodal stress Stresst

von Mises (Minm*2 (MPa))
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Figure 7: The average stress is about 3 MPa

Model name: TANKSIMPLE
Study name: Senarod,

Plot type: Static strain Straint
Deformation scale: 141715

ESTRN

1.293e-002

I 1.185e-002

. 1.078e-002

. 9.689e-003
. 8.622e-003
. 7.545e-003
. 6.468e-003
. 5.392e-003
. 4.315e-003
. 3.238e-003

. 2162e-003

l 1.085e-003
§.250e-006

Figure 8: The average strain is about 1.0 %
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Model name: TANKSIMPLE

Study name: Senarod,

Flot type: Static displacement Displacement1
Deformation scale: 30

URES (mm)
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1467+001
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1.279e+000

2.4052-001

Figure 9: Displacement plot maximum local is about 12 mm

Model name: TANKSIMPLE

Study name: Senarod,

Plot type: Static displacement Displacement2 ¥ (rmim)
Reference geometry: 8xis1
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Figure 10: Radial deflection
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Model name: TANKSIMPLE

Study name: Senarod,

Plot type: Static displacement Displacement3
Reference geometry: Axis1

Deformation scale: 141715

UZ (mim)
1.421e+000
' £.431e-001
. -1.345e-001
. -9.121e-001
. -1.690e+000
. -2.467e+000
. -3.245e+000
. -4.023e+000
.. -4.800e+000
. -5578e+000

. -6.356e+000

I ~7.133e+000
-7 911e+000

Figure 11: Longitudinal deflection.

Summary

Volume reduction is calculated to about 3-4 %.

The loads applied in the calculation we assess to be equal to the load bearing capac-

ity i.e. maximum installation depth is 2.5 m with soil density 18 kN/m?. This is also
supported by the buckling analysis given in the attached appendix.

The material used to manufacturing the separators fulfil the requirements given in
EN 1825-1 section 5.4 and EN 12566-3 section 6.5.5.1.

The tank/separator can be approved with respect to structural stability according to
section 6.4 in EN 858-1.

The FE calculation have been carried out in cooperation with UNICUS Engineering
If further information is needed, please do not hesitate to contact the undersigned.

Yours sincerely
Centre for Plastics Technology

Torben Martens Knudsen
Project Manager
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Appendix

This appendix deals with elastic buckling analysis. The objective is to determine the
maximum ground depth for the tank. Water level remains at top the tank.

The buckling safety factor depends on several factors; the soil type and installation
and imperfection of the tank itself, etc. The following calculations assumed a perfect
tank without fault.

Several calculations have been made. The buckling safety have been found and
tabulated below:

It is suggested, however, that the safety factor for elastic buckling is > 3.0 for the
worst load scenario. In this case, approximately 3.0 meter will be the maximum
depth below ground level.

Digt: NIUNESTy]

Figure: A1 Depth 10 meter.
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Model name: TANKSIMPLE

Study name: buckling

Plot type: Buckling Displacement1
Mode Shape : 1 Load Factor =1.1494
Deformation scale: 172746

Figure A2: Safety factor ~1.0
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Men

JloKTagbT ce OTHAacs 3a M3MepBaHe CTPYKTypHATa CTAOMJIHOCT HA pe3epBoapa ChbIITACHO
cranpapt EN 858-1 Cucremu 3a cenapupaHe Ha Jieku Te4HOCTH (Hampumep He(QTOMPOIYKTH
u O6ensuH)” u cranmapt EN 1825-1 JIpunuunu Ha mpoekTupaHe, U3MbJIHEHNE U U3MUTBaHe,
MapKUpPOBKa W yIpaBJIeHWE Ha KadyecTBOTO . M3YMCIEHMETO € M3BBPLIEHO CBhIIaCHO TOYHA
C.6 or crammapt EN 12566-3 M3nutBane B u3kom’.

JaHHHu

I'eomeTpusiTa Ha pesepBoapa e crodOpaszeHa ¢ ueptesk Ne T 3210na IMaiimnaiig ot 15.02.2007
T.

Bwmectumoct Ha pesepsoapa: SV

Pasmepu Ha pesepBoapa: nuameTsp npuom3uTesHo 1.6v, apmkuHa 2.8 M

JleGenuHa Ha cTeHuTE Ha pe3epBoapa: 12vm (cpemHo)

[MpubnusurenHo Terno Ha peseppoapa: 26(kr.

IIpecoBb4Ha cmoaa

Tumn: LLDPE, nuHeeH nmonueTHieH ¢ HUCKa MIBTHOCT
[pennasunauenue: Dowlex 2432

[LisTHOCT, 939KT/M°

Hunexc Ha cromuika: 3.8/10muH.

SIxoct Ha oreBane. 730 MPa

Sxocr Ha omrbH: 19 MPa

KoHcTpyKTHBHH AaHHH

Kpatkocpouen koedunment Ha reBkasoct: /30 MPa

Mogayn Ha reBkaBoct npu gedopmarms (5004): 275 MPa fipubnmsurenta oueHka)
Koedunment na Iloacon: 0.41

OyHIAMEHTHT U 3aCUTIBAHETO Ca OT KOMITAKTEH U 3bPHECT MaTepPHUal, MSIChK
ITouseH crenenen mokazaren: SMPa (90croitroct Ha [TpokThp)

[ousena mrsTHOCT: 18 KNS

TLIBTHOCT Ha MOYBATA MOX HUBOTO Ha moxmnousennte soan: 11 kKN

K=0.27cwrimacuo EN 12566-3, 2005., Touka 6.2.1.2
HatoBapBaHe U yCJI0BHS M0 MPOEKT

I[OKJ'IaI[’bT pa3riexaa aHaJIu3bT Ha NPOABIDKUTCIHUSA HATUCK U OIIbH, KAKTO M3KPUBABAHETO
Ha pes3epBoapa, MOUIOKEH Ha XHUIPOCTATUYHO U TIOYBEHO HATOBapBaHe. AHAIM3UTE
BKJIFOUBAT BSaHMOHefICTBHeTO Ha 1no4YB€HaTa TBBHPAOCT. N3uuciaenusita ce oTHacAT 3a nmpas€H
pe3epBoap, MoJIoXkeH Ha 2.5MeTpa mojx 3eMHOTO paBHUIIE 3a MPOabILKUTENEeH neprod oT 500
yaca. Pe3epBoapbT € moayioxeH Ha Bb3IEUCTBUETO U MOACHIIEH OT 3bpHecTaTa nousa. OcBeH
TOBA Ce MpueMa, Ye HsMa IUIb3raHe MeXAy pe3epBoapa U rMmoypara.

Cucrema:



COSMOS, FEAvozen ¢ BUCOK KJIaC TBBPIU €JIEMEHTH.
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JATCKHA
TEXHOJIOTTUYECKHU
HUHCTUTYT
@urypa 1. [Topagn cumeTpudHOCTTa, caMo = Y40T pe3epBoapa e Obae Moaenupasa
Coordinate System 1 KoopnunartHa cucrema 1
Coordinate System 2 Koopnunarna cucrema 2
AXis Oc
durypa 2. Monen
Coordinate System 1 Koopnunarha cucrema 1
Coordinate System 3 KoopnuHnartHa cucrema 3
Axis 1 Oc 1l
3
JATCKHA
TEXHOJIOTUYECKH
UHCTUTYT
2.5 meter above the tank top 21&rpa HaJI TOPHATA YaCT HA pe3epBoapa
ground level 3€MHO PaBHUILE
Coordinate System 1 KoopnunarHa cucrema 1
soil load vertical direction [TouBeHo HaTOBapBaHE BBB BEPTHUKAIHO
HamnpaBsJieHHE
Soil load various with height Pa3HOOOpasHO MOYBEHO HATOBapBaHE C
BHCOYMHA

water level

BOJAHO PAaBHUIIC

Coordinate System 3

KoopannaTtHa cucrema 3

Soil normal to side and end

ITouBa HOpManHA OTCTpPAaHU U HAaKpas

AXxisl

Ocl

water

BOaa

@urypa 3: HatoBapBanus

| Coordinate System 3 |

KoopanaatHa cucrema 3

®urypa 4: [louBeHOTO HaTOBapBaHe € BEPTUKAIHO B 30Ha A.
[TouBeHOTO HaTOBapBaHE € HOPMAIHO KBbM MOBBPXHOCTTA B 30HU B 1 C.
XUAPOCTAaTHYHOTO HATOBAPBaHE € HOPMAJHO KbM BCHUKH MoBbpXxHOCTU B A, B, Cu D

Bcuuku HaTOBapBaHUA CE€ MEHAT C BUCOUHUHUTE
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HaroBapBanus
PesepBoapsT € monoxkeH B 3emsTra Ha 2.5 M mon moBbpxXHOCTTa. PasmpeneneHmero Ha
HATOBAPBAHETO € MIIOCTPUPAHO BbB Durypa 3.

| Coordinate System 3 | KoopanHarHa cucrema 3

®durypa 5: XuapoctaTH4HO HaTOBapBaHe.

| Coordinate System 3 | KoopnmuaTha cuctema 3

Os = H x 18kN/m?
s = K x H x 11kN/n?
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®urypa 6: [louBeHn HaTOBapBaHUs
Bcudku HaTOBapBaHUs Ce U3MEHST JIMHEIHO ¢ BucounHara (H).

XUApOCTaTUYHOTO HATOBapBaHE € HOPMAJIHO 32 BCUYKU MMOBBPXHOCTH, OCBEH OTBOPA, KaTo ce
npruemMa, 4ye UMa BEpTUKAIHA TPhOa 10 3eMHOTO pPaBHUIIE.

IToYBEHOTO HATOBapBaHE € BEPTHKAJIHO KbM IIOBbPXHOCTTA, KaTO IEWCTBA CaMO BBPXY
ropnata 4act Hag 120, u HopmanHo kbM nosbpxHOcTTa Hag 60 cIpsiMO XOpU30HTAA.

KpaitHoTo HaTOBapBaHe HA HATUCK, XMIPOCTATUYIHO U MMOYBEHO, CJIE/IBA 1A €:
BepTHKAIHOTO NO4YBEHO HaToBapBaHe ¢ Oy = 18 X H (KN/nf) mpu 120 Bbpxy ropHara yact u

gsh = 2.27 x 11 x H (kN/f npu 60° B XOpH30OHTaNIEH y4aCTbK XUAPOCTATHYHO HATOBAPBAHE
p = 10 x H (KN/m) HOpMasHO 3a BCHYKHI OBBPXHOCTH.

6
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Pesynratu
AHAJN3 HA HATHCKA

@urypa 7: Cpegausat Hatuck e okono 3 MPa



Model name: TANKSIMPLE

Haumenosanue va monena: TANKSIMPLE

Study name: SenaroA

Haumenosanue Ha usciensadero. SenaroA

Plot type: Static nodal stress Stressl

Tun cxuna: CtaTuueH HATUCK BBHB BBH3ET —
Hartmck 1

Von Mises (N/mm”"2(MPa))

don Musec (N/mm”*2(MPa))

Yield strenght 19.0

Sxoct (Ha OTbH ¥ HATHCK)

®urypa 8: Cpennara nedopmanus e oxoyio 1.0%

Model name: TANKSIMPLE

Haumenosanune va monena: TANKSIMPLE

Study name: SenaroA

Haumenosanue Ha usciensadero. SenaroA

Plot type: Static nodal strain Strain 1

Tun ckuna: CtatTuyeH OIBH BBB Bb3EJI -
OmnowH 1

Von Mises (N/mm”"2(MPa))

®don Musec (N/mm”2(MPa))
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durypa 9: Cxema Ha neopmarust — MaKCMaiHa MecTHa aedopmarust ot 12 mm

Model name: TANKSIMPLE

Haumenosanue va monena: TANKSIMPLE

Study name: SenaroA

Haumenosanue Ha usciensadero. SenaroA

Plot type: Static displacement Displacem
1

eiiun  ckuuma: CrarnuHa nedopmanus
Hedopmanms 1

Scale of deformation: 30

Mammab Ha nedpopmanusita: 30

URES (mm)

PesynratHa nedopmanus (Mm)

®durypa 10: Paguanno uskpussiBaHe

Model name: TANKSIMPLE

Haumenosanue va monena: TANKSIMPLE

Study name: SenaroA

Haumenosanue Ha usciensadero. SenaroA

Plot type: Static displacement Displacem
2

eifun  ckuuma: CrarnuHa nedopmanus
Hedopmanns 2

Reference geometry: Axisl

Eranonna reomerpusi: Oc 1

UZ (mm)

Hedopmanus B mo koopaunara “Z” (M)
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Model name: TANKSIMPLE

Haumenosaunue va monena: TANKSIMPLE

Study name: SenaroA

Haumenosanue Ha usciensadero. SenaroA

Plot type: Static displacement Displacem
3

eifun  ckuuma: CrarnuHa nedopmanus
Hedopmanus 3

Deformation scale: 14.1715

Ckana Ha nedopmarus: Oc 1




| UZ (mm) | Dedopmarus B o koopauHara “Z” (Mm) |

Pe3rome

HamansssaneTro Ha BMECTUMOCTTA € U3YUCJIEHO Ha OKOJI0 3-4%0.

HpI/IJ'IO}KeHI/ITe HaTOBapBaHI/ISI HpI/I N34YUCIICHUECTO onpe):[enﬂMe KaTo paBHI/I Ha YCTOﬁqHBOCTTa

Ha HaTOBapBaHe, T.€. MaKCHUMaJIHATa I[’bJ'I6OLII/IHa Ha HHCTAJIausTa € 25 M HpI/I IIOYBCHA
2

mwieTHOCT OT 18KNM®. ToBa e momkperneHO OT aHaIM3 HAa U3APBKIUBOCTTA, U3JIOKEH B

MPUIIOKEHUETO.

MarepuansT, U3MOJI3BaH 32 MPOU3BOJICTBOTO HA YJOBHUTEIH OTrOBapsl Ha M3MCKBAaHUATA HA
crangapt EN 1825-1,touka 5.4,u crannapt EN 12566-3rouka 6.5.5.1.

Pe3epBoapsT /ynoBuTen noasexu Ha ONOOpEHUE IO OTHOIIEHHE HA CTPYKTypHA CTaOMIIHOCT
cbritacHo Touka 6.4ot crangapt EN 858-1.

Wzuncnennero Ha ¢QyHKUIMHTE MOXe na Obae mnpoBeneHo B cwaelicTBue ¢ “HOHuMKyC
WNnxxunepunr”

3a mombiHKTENTHA NH(OPMALKS, MOJIs, He ce KojiebaliTe 1a ce CBBbpIKeTe C NOJIYHOAUCAHNS.

C yBaxxeHue
LeHTBp 32 mmacTMacoBa TEXHUKA

[nonmnuc — He ce yere/

Topben MAprenc Kayncen
PvxoBoauTen Ha npoekTa
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IIpuaoxenne

Hacrosioro mpuioskeHue 3acsra aHaJM3bT Ha efacTudHata ycronumBocT. Llenta e nma ce
ompeneny MaKcUMajHaTa IbJOOYMHA Ha TOCTaBsiHE Ha pe3epBoapa. BOAHOTO paBHHILE
OCTaBa B TOpHATa YacT Ha pe3epBoapa .

@DakTopbT Ha OE30MACHOCT Ha M3KPHUBSIBAHE 3aBUCH OT HSKOJKO (DaKTOpa; MOYBEHUS THI H
MOHTHpPaHe, HEIOCTATHIMTE HAa camusi pe3epBoap u ap. CreqHure U3YKMCIEHUS TPEANOJaraT
nepdexten pesepBoap 6e3 nedexTu.

W3BbpiueHn ca HAKOJNKO wu3uMcieHus. PakropbT Ha O€30mMacHOCT Ha W3KPHBSBAaHE €
YCTAaHOBEH U U3BEACH BBB BUJ Ha TaOJIUIIA MTO-TOJTy:



IIpenmnosara ce, BbIpeKku TOBa, Y€ (HaKTOPBT Ha OE30MACHOCT HA €aCTHYHO M3KPHBSIBAHE € >
3.0 mpu Ha-roNsIMO MpenrnojaraeMo HaToBapBaHe. B To3u ciyd4ail, MakcuMaiHarta
abI00YMHA IO 36MHOTO paBHULIE e Obae npudnmsutenHo 3.0 merpa.

@urypa: A1l Ibndounna 10 metpa.

Coordinate System 1

KoopannaTtHa cucrema 1

Coordinate System 3

KoopannatHa cucrema 3

AXxis 1

Ocl
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durypa A2: dakrop Ha Oe3omacHocT ~1.0
Model name: TANKSIMPLE Haumenosanue Ha moznena: TANKSIMPLE
Study name: buckling HaumeHnoBaHue Ha U3CIIeIBAHETO:
U3KPUBSIBAHE

Plot type: Buckling Displacement 1

Tun ckuna: M3kpussisane Hedhopmarms 1

Mode shape: 1 Load Factor = 1.1494

®opma Ha wusMmeHeHue. 1 @aktop Ha
HatoBapsane = 1.1494

Deformation scale: 172.746

Ckana Ha nedopmanms: 172.746

meter

METBP

Safety factor

daktop Ha 6€30macHOCT




