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Het ontwerp dilemma

Figure 1.1. The LPG tank and detail of the tapered part of the wall. Source: (Toyo Kanetsu K.K., 2009).

Kenmerken ontwerpproces i
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= Dimensies betonnen tankschil en afschatting
hoeveelheden worden afgegeven in BID-design.
= Detailed design = ontwerp wapening en voorspanning

m.b.v. 3D lineair-statisch DIANA model en post-
processor.

= Complexiteit
= Stijfheid fundering en demping
= Temperatuurseffecten door cryogene vioeistof
= Invloed aardbeving
= Combinatie van effecten (aardbeving en “liquid spill”)




Temperatuurbelasting

comstxkmon  Des0nd Niquid spal

opeeation

= constant

T Ta Las
39 -

wal { ringbeam

r?%::?:_
=
S

| +aT™

niner tank wall

¥ == =t
_____ ., ERYERN S A i e - .
euample tamperature load Ll : Vo I
i i ' 2
% IR I L S —
] canstant
ENEE

Aardbeving —i

ROYAL HASKONING

Figuro 3: 30 FEM modal of concrole ouler tank
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Structural part Basa shear Overtumning moment
ki) [Ktim]
Onster tank wall & dome 35862 1540178
Inner tank 102412 riprix]

1c29: Z
gravtyload tank strucure (ind. perm. load wall and dome)
xtra contibuion own loading slab

Horizontal force from product

shear force atbase slab level of concrete outer tank
Forces due to overturning moment

1. on inner tank bottom plate area

2. on inner tank shell plate (inner tank wall)
3. on concrete shell (outer tank wall)

Ic 28: X EARTHQUAKE OBE horizontal load tank & product + overturning moment
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Figure 7.2. Snapshots of the water in the 20 tank during the experimental test. From left 1o right: at the first picure with
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FIG, 1. QUALITATIVE DESCRIPTION OF HYDRODYNAMIC
PRESSURE DISTRIBUTION ON TANK WALL AND
BASE

{Colagrossi, pallading, Graca, Lugni i Faitisen,
2005)
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EARTHQUAKE OBE LQS hoop forces (horizontal load)

Maximum height liquid (100%) 2192 m

density factor 0.569

Seismic Data:

zic, 0.08290 * g ]
zic, 0.02680 * g ]
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Figure 1 ~ Mol aher the comections: a} geometry; b) mes

Numerically, in DIANA, sloshing can’t be
included directly. Or?




2D model of tank in ABAQUS 6.11. —£—
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= Smoothed particle hydrodynamic analysis
= Meshless

= fully Lagrangian (nodes are fixed within the
material)

= Eulerian analysis

= nodes are fixed in space, and material flows
through elements that do not deform

= Eulerian-Lagrangian contact
= Explicit dynamic analysis
= automatic ALE adaptive meshing




Sloshing
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¥ ODE: akt_water_osale

Step: Stegel
I—D X increment

Deformmed Var: U Deformation Scale Factor: +1.000¢+00

0: Step Time = 0.0

BDE1

Period of sloshing

Sloshing mode:  |Housner |lbrahim [AC1350.3 |API620 [Eurocode 8
Period [s] 8,709 8,592 8,595 8,694 8,624
Wave height [m] - - - 0,204 0,241
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Dia 14

BDE1 Nice!
Derkzen, B.G.L. (Bianca); 12-4-2012



Sloshing wave height
Sloshing mode:  |Housner |lbrahim [AC1350.3 |API620 [Eurocode 8
Period [s] 8,709 8,592 8,595 8,694 8,624
Wave height [m] - 0,204 0,241

o Sloshing wave height - TH2

. X

&

00 10 4 Wum(u.u 12&13.@2@’3@\ 180 190

NS

Slashing wave height [m]
=)

AN

Time [s]

s e
SO

=——MNode 275 e=——Ncd2251 =——Node274 =———Nodelbd

Horizontal OBE + LQS 5% damping - TH2

o000
o

Accaleration [m/s?]
beb

Lo
v

Time [s]

Hydrostatic pressure in LPG tank

Dt |}

ROYAL HASKONING

16




