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Het ontwerp dilemma
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Kenmerken ontwerpproces

� 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 vloeistof
� Invloed aardbeving
� Combinatie van effecten (aardbeving en “liquid spill”) 
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Temperatuurbelasting
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Aardbeving
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Response spectrum analysis
(STAADpro)

Time history analysis



Vertaling aardbeving
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lc 28: X EARTHQUAKE OBE horizontal load tank & product + overturning moment
lc29: Z
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Forces due to overturning moment
1. on inner tank bottom plate area 13.6 kN/m²
2. on inner tank shell plate (inner tank wall) 127.2 kN/m 
3. on concrete shell (outer tank wall) -17.8 kN/m 

Overturning moment / sloshing
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Hoopforces
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EARTHQUAKE OBE LQS hoop forces (horizontal load) 

Maximum height liquid (100%) 21.92 m
density factor 0.569
Seismic Data:
ZIC1 0.08290 * g
ZIC2 0.02680 * g

Fluid-Structure interaction DIANA
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Numerically, in DIANA, sloshing can’t be 
included directly. Or?
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TANK

2D model of tank in ABAQUS 6.11.

Analyse methode

� 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
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Sloshing
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Period of sloshing
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~ 8,5 s

Sloshing mode: Housner Ibrahim ACI 350.3 API 620 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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Sloshing wave height
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Sloshing mode: Housner Ibrahim ACI 350.3 API 620 Eurocode 8
Period [s] 8,709 8,592 8,595 8,694 8,624
Wave height [m] - - - 0,204 0,241

Hydrostatic pressure in LPG tank
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