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Overview

LNG Tank Modelling

Overview

LNG Tank Wizards produce a variety of base models of full containment circular tanks
to allow optional subsequent design checks to be carried out. The modelling techniques
used to build the models aim to satisfy engineering requirements however engineers
should check and modify the models created to ensure that they are appropriate to meet
their specific needs.

The use of the Tank Wizards require the MicroSoft Excel spreadsheet application to be
installed in advance for full functionality as certain applications of the Wizard may use
it during the design or reporting process. For example, the Wizard for a Seismic
Analysis produces a computation summary and the forces calculated can be exported to
a spreadsheet.

For LNG tanks, thermal analysis will generally need to be undertaken in addition to
structural analysis due to the very low liquid temperatures involved.

This manual focuses on the details of modelling concepts used to build the range of
models supported. A separate manual titled ‘LNG Tank System: Part 2 — Design
Checks’ covers the procedures involved in performing design checks using the LNG
Tank System.

Capabilities

The Wizards perform automatic creation of models for the following analyses, and
results output tasks:

e 2D Axisymmetric Static Structural Analysis

e 2D Axisymmetric Construction Stage Analysis
e 2D Axisymmetric Thermal Analysis

o 3D Shell Static Structural Analysis

o 3D Shell Eigenvalue Analysis

e 2D Beam-Stick FSSI Seismic Analysis

e Export Forces from the 2D Axisymmetric Model
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LNG Tank Modelling

e Export Forces from the 3D Shell Model




2D Axisymmetric Static Structural Analysis

2D Axisymmetric Static Structural Analysis

Elements

Due to the axisymmetric nature of circular tanks, a 2D axisymmetric model is
commonly used.

Groups / Materials
Model features are defined in individual groups for easier post-processing and updating

of the model.

Group Key

Material Key
Analysis: Analysis 1

BaseSlab

Wall Roof
. RingBeam . RingBeam

Roof Wall

Pile BaseSlab

Multiple assignments

\%
\Y%
Y Y

o s

Fig 1 Group and Material Assignments for a 2D Axisymmetric Static Model

Support Condition for 2D Axisymmetric Model
Three support types are available for selection.

Tank Definition

Include pile data Include insulation Include seismic data
Structure Definition | Material Properties | Boundary Conditions  Loading | Prestress Load | Pile Arangement (3D} | Seismic input 1| Seismic input 2

Support type

Pile Support ~
pp
il ]

Fig 2 Support Types Available

Fixed Support
Fully fixed supports are assigned to the base slab.

Pile Support

The stiffness (stiffness per unit radian) of a pile must be stated. A spring support will
be assigned to the bottom of slab, at the given radial locations.
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LNG Tank Modelling

Regular Support

The regular stiffness (stiffness per unit area) must be stated. A spring support will be
assigned to all the bottom line of slab.

Fig 3 Support Types for a 2D Axisymmetric Static Model (Pile Support / Regular
Support)

Loadings
Only the outer concrete tank is built in the model. This will be investigated using 16
static loadcases.

See Examples — User Inputs : 2D Axisymmetric Static Structural Analysis for more
information.




2D Axisymmetric Construction Stage Analysis

2D Axisymmetric Construction Stage Analysis

Elements
The staged construction model is built using 2D axisymmetric solid elements.

Groups / Materials

In addition to the groups defined in the 2D static model, extra groups are defined to
simplify activation and deactivation of features when modelling the construction

stages.
Group Key I\Aat?ria_l K:y ysis 1
. Wal nalysis: Analysis
|| Smg%?aml Part Eicr’l%fBeam
aseCircularPar
BaseAnnularPart B wall
I RoofUpperPart BaseSlab
RooflLowerPart
A ko
s ——-— X

Fig 4 Group and Material Assignments in a 2D Axisymmetric Staged Construction

Model
Support Condition
Support types available are the same as those for the 2D Axisymmetric Static Analysis
model.

Construction Stages

Thirteen construction stages are built using activation and deactivation of elements and
a nonlinear analysis sequence which inherits the stresses and strains from the previous
stages if ‘Roof ratio for 1% built’ is not set to be 1. The materials are assumed to be
linear elastic.
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Fig 5 Activation and Deactivation in a Staged Construction Analysis Model

Stage Description Note
No. 1 Annular part

No. 2 1) + Circular part

No. 3 2) + Base PS

No. 4 3) + Wall & Ringbeam

No.5 | 4) + Ringbeam 1% PS

No. 6 5) + Roof Lower Wet Concrete




2D Axisymmetric Construction Stage Analysis

Stage Description Note

No. 7 6) + Roof Lower Complete

No. 8 7) + Roof Upper Wet Concrete

No. 9 8) + Roof Complete

No.10 | 9) + Ringbeam 2™ PS

No. 11 | 10) + Vertical PS

No. 12 | 11) + Horizontal PS

No. 13 | 12) + Other Loadings

Table 1 Sequence of Construction Stages

If ‘Roof ratio for 1% built’ is set to be <1°, then 11 construction stages are built using
activation and deactivation of elements and a nonlinear analysis sequence which
inherits the stresses and strains from the previous stages
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Fig 6 Birth and Death Staged Construction Analysis Model (Roof ratio for 1% built =1)

Stage Description Note

No. 1 Annular part

No. 2 1) + Circular part

No. 3 2) + Base PS

No. 4 3) + Wall & Ringbeam

No.5 | 4) + Ringbeam 1% PS

No. 6 5) + Roof Wet Concrete

No. 7 6) + Roof Complete

No.8 | 7)+ Ringbeam 2™ PS

No. 9 8) + Vertical PS




2D Axisymmetric Construction Stage Analysis

Stage Description Note

No. 10 | 9) + Horizontal PS

No. 11 | 10) + Other Loadings

Table 2 Sequence of Construction Stages (Roof Ratio for 1% Built =1)

Loadings

The loadings are the same as those described for the 2D Axisymmetric Static Structural
Analysis model. However, for this use loading is to be assigned in a step-by-step
manner to each of construction stages.

See the Examples — User Inputs : 2D Axisymmetric Staged Construction Analysis for
more information.
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2D Axisymmetric Thermal Analysis

If the temperature of liquid in the tank is very low, a thermal analysis will have to be
performed. The purpose of a thermal analysis is to obtain the temperature variation
through the thickness of the structure thickness and to obtain the thermal stress and
strains induced by the temperature gradient.

The thermal analysis should be followed by a structural analysis that uses the results of
the thermal analysis (e.g. temperature distribution) as the input loading. This type of
analysis is called as Thermo-Mechanical Coupled Analysis.

In LUSAS, both thermal analysis and structural analysis can be performed within a
single model by setting the analysis type to be ‘Coupled thermal/structural” when a
model is first created.

New Model
File name | LMG Tank |
Working folder
(i Recent | C:¥Usersohsso MDowmentsMLusas 190WProjects |
(®) User-defined | C:WUsersWohssoWDocuments iLusas 190WProjects | Set...

Model properties

Analysis type Coupled thermal fstructural s | Model units Mmkg,s,C
Analysis category | 2D Axisymmetric ~ | Timescale units | Seconds v
Optional

Startup template | None | |... | Layoutgrid Mone ~
Title |

Job number | |

Cancel Help

Fig 7 New Model Dialog Setting Thermal/Structural Coupled Analysis
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2D Axisymmetric Thermal Analysis

Elements

In a coupled analysis, 2D axisymmetric solid elements require element details to be
specified for both the structural and thermal analyses.

Surface Mesh X ||surface Mesh x

Analysis category Analysis category

‘zu Asisymmetric ‘

2D Axisymmetric ‘

Structural  Thermal Structural Thermal

(@) Element description (@) Regular mesh

Element description (@) Regular mesh
Element type [ 7] Allous transition pattern Thermal element type [ Allow transition pattern
Axisymmetric solid ~ [ Allou irregular mesh T S [] Allow irregular mesh
Element shape [E2)remzi Element shape [ Automatic

Element size | 1.0

ze |10
Quadrilateral “ Quadrilateral Element size
Interpolation order Local x divisions | 0 Interpolation order Local x divisions | 0
Linear = Local y divisions 0 LT Local y divisions 0
() Element name (O 1rregular mesh Element name () Irregular mesh
QAX4M Formiamn |0 QXF4 Element size | 1.0
e |Ax|symmemc5uhd v @2 o |Ax\symmetr\c5uhd ~ |2 @2
= (s bel caneal | [ roni el

Fig 8 Element Definition for 2D Axisymmetric Thermal Analysis

Insulation

Tank insulation is included in the model explicitly for thermal analysis. Both thermal
and structural elements are assigned, but as the stiffness of insulation is low the Wizard
does not consider the insulation to be structural. As a result, the insulation and structure
do not share nodes, and elements are completely separate.

The ‘thermal gap’ properties are to be applied between insulation and structure to
model the temperature transferred in thermal analysis.
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Group Key

Sail
Insulation
Concrete

Fig 9 Insulation Elements Separated from Structure Elements

Ground (Soil)

As the ground temperature affects the structure’s temperature distribution, the ground
can be included in the model, extending 25m beyond the base slab. A user-defined
value can be specified for soil depth if the ‘Include soil” option is checked.

Group Key
Insulation
Soail
Concrete
Y
A

Fig 10 Mesh for 2D Axisymmetric Thermal Analysis
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2D Axisymmetric Thermal Analysis

Groups / Materials

In addition to the groups defined in the 2D Axisymmetric Static Structural Analysis
model, some groups are defined for insulation.

—

Group Key

Roof Insulation

Leveling concrete
Dry Sand
Cellular Glass{Type1)

I FPerlite Concrete(Base Slab)
Loose Fill Expanded Perlite(Wall)
Resilient Glass Fiber Blanket(Wall)
Concrete
Multiple assignments

Group Key

Roof Insulation
Leveling concrete

Dry Sand
Cellular Glass(Type1)

M Perlite Concrete(Base Slab)
Loose Fill Expanded Perlite(Wall)
Resilient Glass Fiber Blanket(Wall)

oncrete
Multiple assignments

Fig 11 Group and Material Assignments in 2D Axisymmetric Thermal Analysis Model

Supports and Loading for Thermal Analysis

The 1%t Loadcase

The initial temperature of the concrete structure and the ground are defined and

assigned.

Analyses v ax
[Drayers [Forou... &atiri.. (D anal., o~ utiit.. Erepo..

=423 Example_Thermal.md|
/23 Thermal analyses
%2 Analysis 1 (Thermal)
(23 Material
(2 Thermal surface
BEER Y RA i U= ) E—
423 Loading
i 4:Tnitial Temperature of Soil {(x 1.0)
5:Initial Temperature of Structure (x 1.0)

LUSAS View: Example_Thermal.mdl Window 1 x |

a5
b

(%) 3:0perating Condition(Thermal)

g Nonlinear analysis options

23 Structural analyses

= Analysis 1

{2 Material

(%) 1:Initial Condition{Structural)

{3 supports
gy Nonlinear and Transient

() 4:0perating Condition(Structural)
gy Nonlinear and Transient

4 Nonlinear analysis options

4 Coupled analysis options

s Model properties

None ~ | [specty...

SEETE 200 0.0 . 200 . 00 . 600 . 800
Loading Key
Analysis: Analysis 1 (Therma\%
o Loadcase: 2:Initial Condition(Thermal)
2]
B Initial Temperature of Soil
Initial Temperature of Structure
v
y

Fig 12 Thermal Analysis -1* Loadcase
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The 2™ Loadcase

Liquid temperature is assigned to inner side of the insulation.

Analyses v ax

Bravers [Fcrou.. Fattri.. B anal. £ Utiit.. Erepo..

-3 Example_Thermal.mdl
423 Thermal analyses
-2 Analysis 1 (Thermal)
(2] Material
(L3 Thermal surface
(5! 2:lnitial Condition(Thermal)

=~ (D) 3:0perating Condition{Thermal)
(23 Supports
&4 Loading
wwee 1iLiquid Temperature (x 1.0)
- 2:External Temperature (x 1.0)
- 3:Base Heating (x 1.0}
- & Initial Temperature of Soil (x 1.0)

WG TErIESr SR8 TramSent
g Monlinear analysis options
-3 Structural analyses
B2 Analysis 1
(2 Material
[=-(5) t:Initial Condition(Structural)
{10 supports
% Nonlinear and Transient
[=1-(2) 4:Operating Condition(Structural)
W Norlinear and Transient
Ay Nonlinear analysis options
4 Coupled analysis options
gy Model properties

None | |specify..

LUSAS View: Example_Thermal.mdl Window 1 x|

Temperature loading is defined and assigned to the base heating line.

i 1
Loading Key
o oaitace. S Oparaing Somon(Tremai]
&1 qu‘u\d Temperature
l External Temperature
Base Heatin v
Initial Temperature of $6il
Fig 13 Thermal Analysis — 2™ Loadcase
If Base Heating temperature is specified from the Input Dialog, a Prescribed
Prescribed
(@ Total () Incremental
Free Fixed Temperature
Temperature O (O] 5.0°Base Heating
MName |Base Heating v : 3)
Cancel Apply Help

Fig 14 Base Heating Temperature in a 2D Axisymmetric Thermal Analysis Model
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2D Axisymmetric Thermal Analysis

Base heating temperature is assigned to the selected line as shown in [Fig 15]. The
range of the loading is defined using a LUSAS field variation and can be modified by
redefining the values of ‘Base Heating’.

Function 1.0

(®) Global coordinates

(O Local coordinates assigned to geametry
(transformed freedom assignments)

() Specified local coordinates
ZLocalCoord

Function limits. ..
Function Limits
[CImin. x coordinate [“IMax. x coordinate
Pame [Bese Fetin
[IMin. y coordinate [IMax. y coordinate
[IMin. z coordinate [IMax. z coordinate
cancl el

Close Cancel Apply Help

Fig 15 Base Heating Temperature Variation in a 2D Axisymmetric Thermal Analysis
Model
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Supports and Loadings for Structural Analysis

Structural supports are assigned to the bottom of the slab according to the support type
chosen on the input dialog.

LUSAS Bridge Plus - [LUSAS View: Example_Thermal.mdl Window 1] - o
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design LNGTank Window Help
DEH & = B x 22 & 0./ -0-8: @ inbAa #Ifi: ¢o®& g [k-

Analyses vax LUSAS View: Example_Thermal.ndi Window 1 |

e ko k3 ke il vl |

Etayers [BlGrou... &attri.. (Danal., #Utilit.. 5 repo. S 200 . 0,0 . 200 . 400 . 60.0 R 0.0 R 100.0

() 3:0perating Condition (Thermal) ~
i+ Supports
(23 Loading
- % Nonlinear and Transient
-4 Norlinear analysis options
/23 structural andlyses
- Analysis 1
-[_] Material
B L:1nitial Condition(Structural)
423 Supports
oo 1Pl 1
2Pl 2
3:Pile_3

FRONT

(X

Es
K]
Y

200

10:Pile_10
11:Pile_11
= 12:X Fixed
- 13:Dummy Support
g, Norlinear and Transient
- (X1 %:Operating Condition (Structural)
g Norlinear and Transient
s Norlinear analysis options
%y Coupled analysis options
R Model properties

00

200

None v | |spedfy...

Fig 16 Pile Support for Structural Analysis following Thermal Analysis

The purpose of this analysis is to obtain thermal stress, so no additional structural
loading is defined.
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3D Shell Static Structural Analysis

3D Shell Static Structural Analysis

3D shell models are used when tank loadings are not axisymmetric. The outer tank is
modelled using shell elements. All loading defined for the 2D axisymmetric model is
also used for this model, and wind loading is also applied.

Elements & Geometric Properties

Shell elements are positioned at and along the centre of sections. Any varying section
thickness is applied using the LUSAS variations facility.

Fig 17 3D Shell Model for Static Analysis

Fig 18 3D Shell Model Thickness Variation at Roof and Slab

Buttresses

Buttresses can be included in the model with separate surfaces accepting separate
geometric and material properties. The number of buttresses that can be defined is 0, 2,
3,40r6.

Buttress width should be stated for the straight length, not the curved length.

17



LNG Tank Modelling

LNG Tank - Static Analysis x
Tank definition data Tnk1 v
todel filename [Excarnple | C7Half only model
Saved model file path |C:WusersthsanDncumentsWLusas1EII]Wijects‘v'|
Element size (m}
Analysis type
(O 2D Axisymmetric solid (@ 30 Shell
‘ind load (EN1991,1,4, 2005) Buttress
Basic wind velocity (my/s) Mumber of buttress 4 ~
Foughness length 3.0E-3 (m)
Extruded thickness ()
Tetrain factor 0,156
Eigenvalue
Turbulence factor
Soil height above slab bottom {m) [ Include non-structural masses

Cancel Help

Fig 19 User Input for the Number of Buttresses in a 3D Shell Model

- Euftress Width
AN

Fig 20 Buttress Definition for a 3D Shell Model

Groups and Materials

The main groups created are named Roof, Wall, and BaseSlab. Two sets of dummy
elements, which work as rigid links between the Roof and Ringbeam, and Wall and
BaseSlab., are grouped separately, to aid with results-processing.

18



3D Shell Static Structural Analysis

Group Key

BaseSlab

RingBeam

Roof
Roof_Ringbeam_Dummy

I Base_Wall_Dummy
Wall_Regular

Wall_Buttress
Wall_Tapered_Buttress
Wall_Tapered_Regular

Multiple assignments

Fig 21 Groups in a 3D Shell Model

After user input, material properties are assigned to relevant members.

Material Key
Analysis: Analysis 1

RingBeam
Wall
Base_Wall_Dummy

BaseSlab
I Roof_Ringbeam_Dummy
Roof

Ll

Fig 22 Material Assignments in a 3D Shell Model

Support Conditions

Three different types of support conditions can be defined.

Fixed Support
Fully fixed supports are assigned to the base slab.

Pile Support

If “Pile Support’ is chosen, the stiffness of each pile should be defined further from the
user input dialog as shown in [Fig 23]. The spring support will be assigned to each of
pile locations.

19



LNG Tank Modelling

The Wizard accepts two sets of support stiffness (horizontal and vertical); one for
crosswise piles and the other for circumferential piles. If the pile stiffness is different
for each pile location due to the ground condition, it can be modified from the Modeller
interface by defining different support conditions. If the crosswise pile coordinates are

zero, then the model does not include crosswise piles and only includes circumferential
piles.

Include pile data Include insulation Include seismic data

Structure Deﬂnitinn‘ Material Properties | Boundary Cnnditinng‘ Lnading‘ PvegtreggLnf‘ Pile Arrangement (30) %ismi:input\ Selsmic input 2

Crosswise pile X coordinates (Units: m)

~
Fi F2 E P4 F5 Fg Pl 78 Fg D
[ - - 64 126 168 21.0 52 294 a6

00 42 84 126 168 21,0 5.2 25,4 ER
[ 42 84 126 16.8 210 52 284
00 42 84 126 168 210 %2 2.4
00 42 84 126 168 210 %52 29,4
[ 42 84 126 16.8 210 52 .

Crasswiss piles Y coordinates (Units: m)

o = 3 = T 5 e g g =1 Addpiteinx Define pile locations...
X 0.0 0.0 0o 0.0 00 00 00 0o Add pile in ¥ Set zero Set defaults
-4.2 42 4.2 42 FE] 12 42 12 42 P

Crosswise plle sifiness

B B o B R e B e Vertical stiffiess (kN/m) 573.078E3

-l26 126|126 |le6 [-126 -l26 <126 126 erieal stiiness fm

T P T R PSR P T P T E T P R T Horizontal stifiness (ki/m) 472973

20 el 210 e 2100 |20 -2i0 | Toee
Circurnferential piles

Injial Theta _ Numper of _ vertical Stifness Horizortal
D R m) (degree) plles (khfm Stifiness (ki/m) Tupe ERCETT
ot defaults
I EN 00 56 523,018E3 42,297E3 Cirpiles
2 408 00 i 523, 01EE3 42,2973 Cirpiles Sat zero
3 4.9 00 E 523, 016E3 42,2973 Cirpiles S pile row
fiemave pile raw .
Name |Tnk1

Mkl

Close Help

Fig 23 Input for Pile Locations and Stiffnesses

Fig 24 Support Condition for a 3D Shell Model (Pile Support / Regular Support)
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3D Shell Static Structural Analysis

Regular Support

The regular stiffness (stiffness per unit area) must be stated. A spring support will be
assigned to all the bottom line of slab.

Loadings

16 loadcases, as defined for a 2D Axisymmetric Model, are all included in a 3D Shell
Model.

LNG Tank - Static Analysis s
Tank definition data Tnkl ~
Model fllename |E><amp|e| ‘ [ Half only model
Saved model file path |C:WLIserSWDhssuWDuEumenisWLUSASWHDWF‘ijctSWExamp\‘
Element sizs (m)
Analysis type
(O 2D Axisymmetric solid (@® 3D Shell
Wind load (ENT1991,1,4, 2005} Buttress
Basic wind velocity (m/s) MNurnber of butiress 4 ~
Aoughness length 3.0E-3
(m Exiruded ticknsss m
Butess i
Terrain factar 0,156
Eigenvalue
Turbulence factor
Soil height above slab battom {m} Include non-structural masses
Cancel Help

Fig 25 User Input for Wind Load for a 3D Shell Model

Other Options

Half Only Model

A half model is produced with symmetrical support conditions when the ‘Half only
model” option is selected.

21



LNG Tank Modelling

LMG Tank - Static Analysis X

Tank definition data Tnkl ~
odel fllename |E><E"'HD‘e ‘ Half anly model
Sawed model file path |C:WUSETSWDhSSDWDDIZIJ!T\EHISWLuﬁASIQDWPijEEISWENamp“
Element size (m)

Analysis type

(O 2D Axisymmetric solid @® 30 Shell
Wind load (EN1991,1,4, 2005) Buttress

o
=
o
S|

=

“

Basic wind welocity MNurnber of buttress 4 ~

Extruded thickness ()

Roughness length

w
=
m
s
E]

euss v
Terrain factar 01,156
Eigenvalue
Turbulence factor
Air density (kam™ Rl o cgmliee
Soil height above slab bottam () Include non-structural masses

Cancel Help

Fig 26 User Input for Wind Load on a 3D Shell Model (Half Model)

Fig 27 3D Shell Model (Half Model)
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3D Shell Static Structural Analysis

Include non-structural masses

Non-structural masses are converted into equivalent structural masses for an
Eigenvalue Analysis. If this option is ticked, non-structural masses for each member
(e.g. base slab, wall, roof, ringbeam) will be added to the mass of each member to
compute the sum of total mass including non-structural masses. The equivalent
structural masses will be computed by dividing total mass including non-structural
masses by volume of each member. The calculation spreadsheet will be created with
the same name as the model filename and stored in the user-defined working folder.
The use of the ‘Include non-structural masses’ option is explained further in the section
titled ‘Examples of 3D Shell Analysis.’

LMNG Tank - Static Analysis x
Tank definition data Trki ~
Madel filename ‘EXEFHIJ‘E | [ Half anly maodel
Saved model file path ‘CIWUsersWUhssuWDUcumentsWLUSASWQUWF‘rUjeclsWExampq
Element size (m)
Analysis type
(O 2D Axisymmetric solid (® 3D Shell
Wind load (EM1931,1,4,2005) Buttress
Basic wind velocity (m/'s) Murmber of buttress 4 w
Roughness length 3.0E3
ay Extruded thickness )
Butess it
Terrain factor 0,156
Eigenvalue
Turbulence factor
Air density (kag/m"D Mumber of eigenvalues 10
Soil height above slab botiom (m) Include non-structural masses |
Cancel Help

Fig 28 User Input for Eigenvalue Analysis Model including Non-Structural Masses
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LNG Tank Modelling

Summary of Mass Caloulation

DHMENSION

Componant Diimensicnim)

Unit mass Structural mass | Total mas Equivalent unit mass

kgfm” i ; kgdm’

875937
1,400,000
135,000
42,000
400,000
30,000
103,000

11985937

) 2467,751

2467751
24940228
242000
234000
88,000

25764 428
21,797,085
3128000

275,000
2,795,105
G wolume * unit LNG mess) 104022 703

104.022.703

Fig 29 Summary of Mass Calculation for Eigenvalue Analysis including Non-structural
Masses

See Examples — User Inputs : 3D Shell Static Analysis for more information
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3D Shell Eigenvalue Analysis

3D Shell Eigenvalue Analysis

When a 3D Shell model is created, an eigenvalue analysis is added by defining the
number of target eigenvalues to extract.

LNG Tank - Static Analysis

Saved model file path

Tank definition data Tnkl

~

Model fllename |

‘ Half anly model

|C:WLIsersWnhsanDncumemsWLUSASWSDWPrnjectSW(SD)‘m(‘

Elernent size (m)
Analysis type

(O 2D Axisymmetric solid

Wind load (EN1391,1,4, 2005)

w)
sl
wm

Basic wind velocity
Roughness length
Minirnum height
Orography factor
Terrain factor
Turbulence factar
Alr density

Soil height above slab bottom

=
=1
m

w

= =
T —
& @

&

(@® 3D Shell

EButtress

(m/s) Number of buttress 4 ~
s Extruded thickness m
(mj) "
Butess i -
Eigenvalue
(m) ] Include non-structural masses

Cancel Help

Fig 30 User Input for a 3D Shell Model for Eigenvalue Analysis

Analyses

3 X

LUSAS View: example(3D) Window 1 x |

Eltayers [Eloroups b Attrib... (X Analys... o= Utilities [ Reports . 50.0

—40.0

-20.0 0 0.0 i 20.0

EHZ3 example(20)
423 Structural analyses

Analysis 1

(2] Geometric
(21 Material
(D) 1:5elfieight

[ 2:Dead Loads of Steel Structure

(=) 3:Dead load of iner and steel roof

}- @ 4:Dead load of steel structures on the roof
(L) 5:Dead load of Insulation
@ 6:Pressure on outer tank wall due to insulation
@ 7:Wall piping loading

- @ 8:Liquid bottom{Max)

£60.0

Eigenvalue

Solution  Frequency

Number of eigenvalues 10

Shift to be applied 0.0

= @ 9:Liquid botbom{Min)

() 10:Gas Pressure(Max)
(1) 11:Gas Pressure(Min)

e load

- :Snow load

= @ 14:Test load {Liquid bottom)

(L) 15:Test load (Pneumatic)
(L) 16:PrestressLoad

L= T/t Wind Loa
== Eigenvalug
—--@ 18:Eigenvalue

% Eigenvalue

-y Model properties

[Jinclude modal damping set damping...

Eigenvalues required | Minimum w~

Range specified as

Frequency Eigenvalue

Eigenvector normalisation

O Unity (@) Mass () stiffness

] convert assigned loading to mass

Type of eigensolver

[]sturm sequence check for missing eigenvalues

Default ~

Advanced...

Cancel Help

Fig 31 Eigenvalue Analysis in a 3D Shell Model
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2D Beam-Stick FSSI Seismic Analysis

A lumped mass beam-stick model is produced to perform a dynamic analysis under
earthquake conditions. The concept of using generalized single degree of freedom
systems to represent the impulsive and convective modes of vibration of tank-liquid
system is extensively discussed in the works by authors such as (Haroun & Housner,
1981) and (Wang, Teng, & Chung, 2001).

The beam-stick model includes:
1) The outer concrete tank

2) The fluid-structure-interaction (FSI) effects of the inner tank together with
the dynamic behaviour of the stored liquid.

3) The soil-structure-interaction (SSI).

The adopted arrangement of components allows capturing the complex seismic
behaviour of the liquid tank system in a simplified but accurate model.

Model for horizontal actions

Elements
The main elements used in the modelling are outlined in [Fig 32].

Roof Joint ——__
¥

Ringbeam —

Concrete tank
wall -

_— Liquid convective mass joint

_~ Liquid impulsive mass joint

_~ Steel Inner tank

Pile beams _— Rigid Beam

Soil Joint

Fig 32 Beam-Stick Modelling Concept for Horizontal Actions
A joint element is used to add non-structural masses to the top of the roof.

Joint elements are used for impulsive and convective liquid masses attached to the
inner tank. Joint elements are used for soil springs linked with piles.
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Geometric Properties

Geometric Properties are computed based user inputs and assigned as illustrated in [Fig
33].

Geometric Key
Analysis: Analysis 1

ConnectionPart

JointGeometric

Pile

BaseSlab (CSS D=93)

B Wall (CHS D=87.9 t=0.75%
Wall Tapered (CHS D=88.6 t=1.1/ CHS D=87.9 t=0.75)
RingbeamLower (CHS D=88.5 t=1.05)
RingrbeamUpperéCHS D=88.5 t=1.05/ CHS D=88.5 1=4138619?9?&)552)
Roof (Varying - 19 sections)

InnerTank {Varying - 8 sections)

Fig 33 Geometric Properties in a Beam-Stick Horizontal Model

The Connection Part is regarded as rigid, and 1 x 1m section is used.

Material Properties
Material Properties are assigned as illustrated in [Fig 34].

The structural masses and non-structural masses are distributed in the relevant element
by adjusting the unit mass of each member to include the non-structural masses.
However, the non-structural masses for the roof are separately assigned to the top of
roof as a lumped mass.

The masses and locations of liquid for convective and impulsive effect are computed
based on either [ACI 350.3] or [EN1998-4], and the details of the computation is
summarized as a spreadsheet and saved in the working folder with filename of ‘<model
name>_<code name> HorizontalBeamStick.xlsx’. (See [Fig 35] and [Fig 36])
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Key
Analysis 1
BaseSlab

Wall
RingbeamLower
ConnectionPart
Inner Tank
RingbeamUpper

Pile
ImpulsiveLNGMass
ConvectiveLNGMass
SoilSpring_1
SoilSpring_2
SoilSpring_3
SoilSpring_4
SoilSpring_5
SoilSpring_6
SoilSpring_7
SoilSpring_8

Others

Multiple assignments

Fig 34 Material Properties in a Beam-Stick Horizontal Model

g/’ kg

MASS DETAILS

Component
Roof

Ring Beam

Descriptions ass (kg)

Concrete Roof (= Roof volume * unit concrete mass) 9,875,937
Raof finer + steel roof structure 1,400,000
Suspended deck + insulation of the suspended ceiling 135,000
Roof nozzles 42,000
Roof platform 400,000
Roof pump & crane 30,000
Roof piping and support 103,000

Others -

Concrete Ring Beam (= Ring Beam volume = unit concrete mass)
[wall barrier plate

500 9475957 | 11985957 wall piping and support -
20 500 7370393 ] 109 ] Others S
| 11 o
aeme 300 24sa0428] 25 Outer Concrete Wall |Concrete Wall (= Wall volume * unit concrete mass) 24,940,428
zw:;:: ﬁ corner protection 242,000
[inner Tare ) Ta% wall barrier plate 494,000
[wall piping and support 83,000
Others -
SUMMARY FOR CALCULATED PROPERTIES
1) Horirontal Wodel Base Slab Concrete base (= Base slab volume * unit concrate mass) 21,797,085

Lever arm height

ILNG Conveciive
[ENG impusie

EN 1996-4
BN 19964

5032754
T Saasenss] et |

2) Vertical Model

[LNG Pengle 9,566,908
NG Rigd 080227027

EN 19964
EN 1992

Inner Steel Tank

2.5048E 18]
- EN 19984
o st

11985937

55956370

[Pie_NoRoofTank 225923,300,000

NG

Others 3,128,000
Steel tank ( = Steel tank volume * steel mass) 2479105
shell stiffener 45,000
shell insulation(50%) -
top girder -
Others 275,000
LNG (= LNG volume = unit LNG mass) 104,022,703

Fig 35 Mass Summary for the Beam-Stick Model
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3) LNG impulsive stiffness.

Verification for Beam-Stick Model

W 207905 | mm _[sverage wall trckness
Es 200E-05]  MPa _|modulus of sestety of inner tar
DIMENSION pe 78500 | kN.s%/m*  [mass density of inner tank
[cosfrcents for determining the Fundamentafrequenc
Component Dimension(m) = .15 R sy
[ 0.0422 [cosficents for determining the undamentafreavency
Wi 5473 Tad/s _|croular freauency of the impulsve mode of vibratan
- P e e e
meuve compenent of e ot
[ 1586485989 | N/m
SUMMARY FOR MASS _ CALCULATED PROPERTIES FOR VERTICAL MODEL
- Volume T e e S R BRI | ) Roof Mass & stiffness
o — Component Value Unit Remark
m kg/m* kg kg kg/m* — = =
= - 11,985,937 ke |mass of roof
Roof 3,050 2500|  9875037|  11,085937| Not Used T s —— —
[@ ) = 0] E10.593) IR E51 0,003} ZE0 T #DIV/0] s [fundamental perod of oscilston of the roof
Ringbeam(ower) 63 2,500 1156758 | 1,156758 2,500 T ool T
[Wall & Buftress 5876 2500 24040428 | 25764428 258
[Baseslab 8719 2500 21797085 | 24925085 2859 .
e 216714 480| 104022703 | 104022703 480 || 2ZLLNG Mass & Stiffness
[inner Tank 316 7850] 2419105 2793105 8863 Component Value Unit G
Mo 104,022,703 kg |mesofiNg
w 207905 | mm_[sverage wal thckness frmer sank)
CALCULATED PROPERTIES FOR HORIZONTAL MODEL Es 2.00E+05| MP3 | modulus of elasticity of inner tank
1) LNG Mass & Height o 4500000 | kg/m’__|mass densty of ING
mass B 9 98070 | _m/sec’ _|oraviatonal accseraton
Component height (1BP) ~ height (EB7) o« 27072 | UM Jamecie weat o conind Fard
(O (%) hothl. m (L= 00 T, 04504 S [fundamensl perod of siciston of the LNG
LNG Convective 48,423,453 3183 2310 - T )
|LNG Impuisive’ | 52,963,803 | 3336 | 1460 | — —

2) LNG convective stiffness 3) Mass for Outer&inner Tank

Component Value unit Remark
28070 | mjsec |gravitational acceleration A 5595670 Lol__|l=csizpcicho ol tia-re
) 5.8106 m'Zjs_|coefficient as defined in 934
we 06332|  radjs  Iarcular frequency of owcilstion of the rtconvectve || 4) Mass & Stiffness for Pile
Tc 99223 s natural period of the first (convective) mode of sloshing
ke 19417270 N/m N/m

Fig 36 Computation Summary of Liquid Masses for the Beam-Stick Model

The material properties for the connection beam between concrete wall and inner tank
are assumed to be the same as that defined for the base slab.

Groups
The groups defined in the model are summarized in [Fig 37].

Group Key

BaseSlab
Wall
Roof

InnerTank
I ConnectionPart

Piles
ImpulsiveLNGMass
ConvectiveLNGMass
SoilMaster

Multiple assignments

Fig 37 Groups in a Beam-Stick Horizontal Model
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Damping Coefficients

Damping coefficients are computed based on the user inputs for desired damping ratio
(%) and the frequency range of the structure obtained from a separate eigenvalue
analysis.

Critical damping / frequency

Critical damping (%) Frequency (1st mode, Hz) Frequency (2nd rmode, Hz)
Base slab [40 | [1.25 |
vl
Inmer tank
LMG impulsive
LMNG convective
eround

Fig 38 User Inputs for Damping for Seismic Analysis

For structural members and impulsive liquid mass, Rayleigh Damping Coefficients are
computed and used in the material definition

For Soil springs and convective mass, a Viscous Coefficient (=Damping Ratio *

2*Vkm) is used for horizontal movement considering the moving mass above the
ground.

Support Conditions
Vertical supports are assigned to all members.
As the pile group is modelled by a series of beam elements in a single position, a

rotational support representing the resistance to the overturning moment is added to the
pile head.
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Fig 39 Support Conditions in a Beam-Stick Horizontal Model

Loadings

For the transient dynamic analysis, time history seismic
acceleration/velocity/displacement would be used for loading. The Wizard is designed
to prepare the model for a Response Spectrum Analysis, so no loading is required.

If required, the model can be easily transformed to a transient dynamic analysis model
by adding time history loading data using ‘Load Curve’. Refer to the LUSAS Modeller
Reference Manual for more details.

Analysis Control

By default, the target number of modes is set to 30. This would be need to be increased
if not found to be sufficient to capture sufficient response.

The Wizard sets the ‘Include model damping’ option ‘on’. This does not affect the
result of natural frequencies and eigenvalues, but ensures that damping is considered in
the calculation of the results forces that are obtained.
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Analyses

‘ B ayers [E]Gro... dbattri. (5 anal... o Utili.. 5 rEig

VJ}IXI

[2-423 Structural analyses
-5 Analysis 1
-2 Geometric
122 Material
=8 tiLoadcase 1

STt
-y Eigenvalue
&

= P o
- @ 2:Response Spectrum CQC
: @ 3:Response Spectrum SRSS
-y Model properties

|| -3 Example_EN1998_HorizontalBeamStick(EBP).mdl

Solution | Freguency

Eigenvalues required | Minimum

Range specified as

Frequency Eigenvalue
Eigenvector normalisation
) Unity (® Mass (O stiffness

[Jconvert assigned loading to mass

40

LUSAS View: Example_EN1998_HorizontalBeam5Stick(EBP).mdl Window 1

x|

Number of eigenvalues

Shifl 10 be applied

0

LAY

edal Damping

—> (@ Viscous

(O Structural

Use distributed damping for | All modes V

Modes using distributed damping

[JEigenvalue 1 -~
[Eigenvalue 2
[JEigenvalue 3
[Eigenvalue 4
[JEigenvalue 5
[Eigenvalue &
[JEigenvalue 7
[JEigenvalue 8 w

Damping ratio for modes not using distributed damping
0.05

Cancel Help

Fig 40 Eigenvalue Control for a Beam-Stick Horizontal Model

Response Spectrum

By default, a Response Spectrum corresponding to ASCE, one of the design response
spectrums available in the LUSAS database, is defined by the Wizard.

A different reponse spectrum can be selected and used in the model, and a ‘User
Defined Response Spectrum’ is available by selecting the Utilities>Response

Spectrum menu item.

Utilities
B s, B, & a. ¢ uti.. @ An. O pe

3 Bxample_EN1998_HorlzontalBeamStick(4)
3 Utiliies (4)
3 Response Spectra (1)
o 1:ASCE A-CLASS
<3 LNG Tank (1)

| <3 Reference Path(2) |

< 2:InnerTank

¥ X Respanse Spectrum - Design Cade

Design code ASCE-7-10 (2010)

Curve definition

ncremental period

Spectra definiion

@ Code defined

Parameters
Site class A
Mapped spectral acceleration at 0,25
shont perieds (351
Spectral data
Site coefficient (Fa) 0.8
Short period response 0.133333 o
acceleration narameter (Sds) e
Period (T0) 0.08 o

Name ASCE A-CLASS

O User defined r—

” Show graph

r 10

4.0 s
1at ot

0.3

\ H 0.0533333
tH 0.4 s
a 7 o8 1 138
P
~|EHm

Close Cance Apply

Fig 41 Default design Response Spectrum for a Beam-Stick Horizontal Model
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Options for Post-Processing

After solving the model, the results of eigenvalue analysis will be loaded on LUSAS
Modeller. The results are combined in accordance with the options available in post-
processing loadcase. The options can be defined manually by selecting the
Analyses>IMD loadcase menu item and making selections as shown in [Fig 42].

= R =D 2000 1800 1600 1400 4200 1000
=
O Lves Eorouss & Arbu @ anays o vtites O pepors[B]
—H3 testACI_ACI350_HorizontalBeamStick( IBF).mdl
3 Structural analyses
= Analysis 1
113 Geometric
+- Material Excitation Support Motion v | | sat...
(@ 1:Loadcase 1 - 1
P I I
éSunnarts Results | Spectral |y set.. ISpectral Response X
3 Post processing Damping Modes =l o
2Z:Response Spectrum CQC ° Type of spectral response COC combination
; e Spectrum SRSS Type | LUSAS values [Ause all modes Damping variation correcton [ o
to respons spectrum
| Response L:ASCE A-CLASS o

Name 'luspunse Spectrum CQC - > (e

Close E pply Help

e

Fig 42 Post Processing Options for a Beam-Stick Horizontal Model

The method of combining the modes to obtain the maximum structural effects is
chosen. Two post-processing loadcases are defined by default; one for CQC
combination, the other for SRSS combination.

The formulae to be used for damping variation correction are set to ‘Eurocode’ by
default, the available options are Eurocode, Kapra, Tolis & Faccioi, and Bommer &
Elnashai.

The design response spectrum is chosen.

If the ‘Include modal damping’ option is checked from Eigenvalue analysis control
dialog (see [Fig 40]), modal damping is computed during the eigenvalue analysis and
used at post-processing by selecting Damping Type as ‘LUSAS values’.

See Examples — User Inputs : 2D Beam-Stick FSSI Seismic Analysis for Horizontal
Actions for more information

Model for vertical actions

Elements
The concept of using a beam-stick model for vertical actions is illustrated in [Fig 43].
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Mass & Jointfor o

Roof

« Mass & Joint for Liquid rigid

___» Mass & Joint for Liquid flexible

o Mass for Wall & RingBeam & Slab & Inner tank

_——* Joint for Piles

Fig 43 Beam-Stick Modelling Concept for Vertical Actions

The model is built using four joint elements as shown in [Fig 44]. Four joint elements
share the node at the location of ‘Mass for Wall & RingBeam & Slab & Inner tank’.
The length of joint elements does not affect the analysis result. Different joint lengths
are shown here only for visualization purposes.

If design code ACI 350.3 is chosen for building the model, the ‘Mass and Joint for
Liquid Rigid’ joint element is not included.

e —, Mass & Joint for Roof

s Mass & Joint for Liquid rigid

¢+ — Mass & Joint for Liquid flexible

A
//, Mass for Wall & Ringbeam & Slab & Inner tank

Z=wpm X

—— Joint for Piles

Fig 44 Beam-Stick Model for Vertical Actions
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Geometric Properties
The following dataset is used.

Joint Geometric Properties *

Analysis category | 20 Inplane

[JUse jeint length

Component | Value
Eccentricity (ez) | 0.0

Mame | JointGeometric w (0

Cancel Apply Help

Fig 45 Geometric Properties for Joint Elements for Beam-Stick Vertical model

Material Properties

Mass, stiffness, and damping coefficients are assigned for material properties for joint
element as shown in [Fig 46].

Material Key

Analysis: Analysis 1

B Roof
FluidRigid

Il FluidFlexible
Pile(k)_NoRoofTank(M)

Fig 46 Material Properties in Beam-Stick Vertical Model

Details of how masses and stiffness are calculated are summarized in a spreadsheet
form as shown in [Fig 35] and [Fig 36]. Values in red are written by the Wizard, and
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others are computed by the spreadsheet, hence the values in this spreadsheet can be
used for verification by comparing with data from LUSAS Modeller.

2) Mass 8 Stiffness for LNG

Component Value Unit Remark
H/R 0.924 LNG height divided by inner tank radius
o 430.0000 kg/m® mass density of LNG
Es 200E+11 N’,'r'n2 modulus of elasticity of inner tank material
v 0.2 poisson ratio of steel
5@ 0.0361 m wall thickness for { = 1/3 [ = 2/H,)
fiy) 1.0565 08<=y<4:1078+0274 In {y) , y<0.8 : 1 [Ad1a A41b)
Py 16,085 kgl.fmE hydrodynamic pressure on the wall base, from A40.
mM_inG f 88,566,808 kg mass of LNG {radial breathing), ref. A40.
Py 18,681.6000 kg,(mE hydredynamic pressure on the wall, frem A17
M_ing r (3) 104,022,703 kg mass of LNG (rigidly moving), ref. A17.
¥ 0.9245 =HJ/R
Y1 1.699140 =mn / {2y}
laly1) 1.8629 bessel function order 0
l1(y1) 1.1953 bessel function order 1
fud 2.4081 Hz fundamental frequency of oscillation of the liquid
Tud 0.4153 5 fundamental period of oscillation of the liquid
k_ing 20,504,603,004 N/m
K_ing e 20,504,503,003,538,400 N/m

Fig 47 Mass and Stiffness for Liquid for Beam-Stick Vertical Model

For the pile joint, the mass s defined as the sum of the total mass excluding the roof.
The stiffness is defined by user input. This is summarized in the spreadsheet as shown
in [Fig 48]. This mass is assumed to move rigidly vertically.

3) Mass for Outer&inner Tank

Component

IM_GuternnerTank 53,662,366 kg mass at top of pile = total mass - LNG - roof

4) Mass & Stiffness for Pile

Component REINES

K_pie 225,923,300,000 N/m

Fig 48 Mass and Stiffness for Pile Joint for Beam-Stick Vertical Model

Damping Coefficients

Viscous Coefficients (calculated as the Damping Ratio * 2*vkm ) are computed for
each joint and applied.
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Support Conditions

Only vertical movement is allowed for all members.

The end of the pile joint is fully fixed. The mass considered in the pile joints comprises
the mass moving as a rigid body in the vertical direction, i.e. the sum of the mass for

the outer tank (excluding the roof) and the inner tank. The stiffness is defined from user
input. These values are summarised in the spreadsheet shown in [Fig 48].

Fig 49 Supports in a Beam-Stick Vertical Model

Loadings / Analysis Control / Response Spectrum / Options for
post-processing
These values and settings are the same as those for the model for horizontal action.

See Examples — User Inputs : 2D Beam-Stick FSSI Seismic Analysis for Vertical
Actions for more information
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Exporting Forces from the 2D Axisymmetric Model

Section forces for the 2D Axisymmetric Solid Model are exported and saved as a
spreadsheet.

The stress distributions at the slicing lines can be converted into section forces as
shown in [Fig 50]. For example, SY through the wall section can be used for
computing vertical axial forces and bending moment.

Stress (MPa)
65 0
e e 9
6 6 ©

2000 S
= S I >
nterval
@— Convert stresses to
! N @__) Force / Moment
O g >
§ . 2 EE "“—';7,_1;;/‘/? g
7
-0 0 60 66

Fig 50 Converting Stress to Forces

The forces for the sliced section are automatically calculated by the Wizard from LNG
Tank> Export Forces to Excel (2D).

O Output file name is for the name of result spreadsheet.
U Target is for selecting members from which the results will be exported.
U Range is for defining the range of results that will be exported.

O Interval is the distance between the slicing lines that are temporarily created at
regular intervals for results calculation.
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Moment of Wall_Ringbeam (Hoop}

[rree ot [or—
lLocation ‘Wall_Ringbeam (4):Wns sige Tension
|Direction Hoop
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1600 ora| e 001 001 oos|  oor|  oum 015 0| om| om| 2 oo
Sestorcn thoop | ShemForon BV [P 2
-
Roof - Exporting Forces
LNG Tank - Export Forces to Excel (2D
Interval P @ x
Output filename [staticzD ]
‘Working folder @ Current (O User Defined
Save in [cwe D_Flooi,xis|
Target
O Base slab O Wall + Ringbeam ® Roof
Loadcases Range (X Coord)
elfieight "
Dead Loads of Steel Stucture Start 0o o
ead load of liner and steel roof
cad oad of steel structures on the roof Finish : a2 m
o3 load of pcuision ° 7 T
Prassurs on ousr tank wall dus to insulation
il piong loading Iz i
iquirl botiorn(Mai)
iquid bottom(Min)
iGas Pressure(Max)
Gas Pressure(Miny
Live load
Snow load
:Test load {Liguid bottorn) v
e Cancel | [ Help

Fig 52 Exporting Forces for a 2D Axisymmetric Solid Model (Roof)

The ‘Roof” group is used for extracting forces. The range is defined for x coordinates
from centre of roof to the perimeter of the roof. The interval value is the arc length of

the slicing locations.
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Wall - Exporting Forces

LNG Tank - Export Forces to Excel (2D)

Output filename

[statizD

Warking folder O Current @® User Defined

Save in

[EU

all fiing |

Target

O Base slab ® Wall +Ringheam O Foof

Loadcases Fiange ( Coord)

(IO

45,88 m
n

0ads of Stesl Stucture Starti
:Dead load of liner and steel roof

Dead load of steel stuchures on the roof
Dead load of Insulation

Pressure on outer tank wall due to insulation
Li

Li

al
3iDead
diDea
5

6
i
g

i

1

1

I

!

e
e
e
e

Finish

Interval :
iLiquid :

iquid botom(Min)
0Gas Pressura(Mas)
IiGas Praseura(Min)
2110 load

Snow load
4:Test load (Liquid battor)

Cancel Help

Fig 53 Exporting Forces for a 2D Axisymmetric Solid Model (Wall)

The ‘Wall” & ‘RingBeam’ groups are used for extracting forces. Values of ‘Start’ and

‘Finish’ for the range are automatically defined for Y coordinates measured from the
bottom to the top end of the wall and ring beam.

Base Slab - Exporting Forces

=
= 0000
b

Interval

LNG Tank - Export Forces to Excel (2D)

Output filename

[staticz0l

Working folder O Current

c

® User Defined
Save in

Usas 19097P BaseSla]

Targat

@ Base slab O Wall + Ringbeam O Foof
Loadcases Range (X Coord)

ead Loads 0 steel Structire

3iDead load of liner and steel roof
4Dead load of steel structures on the roof
&:Dead load of Insulatio

1o sure on auter tank wall due to insulation
TWall piping loading

Start:

m

Finish BE

m
Interval

&iliquid botior{viax)

iLiquid botiorn{vin

0:Gas Pressure(Max)

m

11635 Pressure(Min)
2:Live load

3:Snow lnad

4:Test load (Liquid botiom)

Cancel el

Fig 54 Exporting Forces for a 2D Axisymmetric Solid Model (Base Slab)

The ‘BaseSlab’ group is used for extracting forces. Values of ‘Start’ and ‘Finish’ for

slab.

the range are defined for X coordinates from the centre to the perimeter of the base

Exporting Forces of Specific Named Groups

This can be used not only for the Wizard built model but also for the user-built models,
providing that the relevant groups are defined in the model with the name of
Wall_RingBeam, Roof, BaseSlab and that the Structural Definition part in the

Tank Definition is defined.
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LMNG Tank - Export Forces to Excel (2D)

X
Qutput filename |stati:20| ‘
Working folder (O Current (@ User Defined
Save in |C:WUsersWuhssoWDo:umentsWLusasIEIEIWF‘roje:tsWstati:ZD_EaseSIa‘
Target
(@ Base slab (O Wall + Ringbearn () Roof
Loadcases Range (X Coord)
! E na! ! Etee !Iructure 2 Start: m
SDead load of liner and steel roof
4:0ead |oad of steel structures on the roof Finish : 46,5 m
:Dead load of Insulation

G:Pressure on outer tank wall due to insulation
TWall DIEIF\Q Inadmg

el m
& Liguid bottorn{hax)
SiLiguid bottom({kin}

1Gas Prassureihing
iLive load

Frlon
£

now load
Test load (Liguid bottorn)

Cancel Help

Fig 55 Exporting Forces for a 2D Axisymmetric Solid Mode
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Exporting Forces from the 3D Shell Model

Section forces for the selected slicing angles in the 3D Shell Model are extracted by the
wizard and exported to a spreadsheet. This is the same as would be done within
Modeller by selecting the menu item Utilities > Graph Through 2D for selected
loadcases and selecting slicing angles.

This can be used not only for the Wizard built model but also for user-built models,
providing that the relevant groups are defined in the model with the name of
Wall_RingBeam, Roof, and BaseSlab.

LMNG Tank - Export Forces to Excel (3D) *
Output filename |Examp\el |
‘Waorking folder (@ Current () User Defined
Save in |C:WUsersWDhSSDWDocumentsWLusas190WPr0jectsWE><amp\s|
Target Range
(@ Base slab () Wall + Ringbeam () Roof (]S ¢ iz & m
degree (eq, 10; 20; 30}

Loadcases

Slicing Line
Angle (Positive Direction)

X axis (0 Degree)

Cancel Help

Fig 56 Exporting Forces for a 3D Shell Model
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Exporting Forces from the 3D Shell Model
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Fig 57 Section Forces Exported from a 3D Shell Model
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Tank Definition

Examples — User
Inputs

This chapter explains how user inputs are used in Wizard-built models. The aim is to
give users more understanding about the models created, so that they can be updated
for performing other analysis tasks, or to trouble shoot any issues with their models.

Tank Definition
The examples in this manual are all based on data defined using this dialog.

Include pile data Include insulation Include seismic data

Structure Definition  Material Properties | Boundary Cundmunsl Loading | Prestress Load | Pile Arrangement (30} | Seismic input 1| Seismic input 2

Conerete tank  Insulations

Base slab and oot Wall and Ring beam

Base slab (Units: m)

Circular part length (L. inner) EX | Lincer

Lo |
Circular part depth (D_inner) 2 I T |
Tapered section length (W/_th 0.5 Dm;
Annular part lenath (L _outer) 67 o
Annular part depth (D_outer) 15
. W

Base heafing (D_heating} 0.38
Roof (Units: m)
Radius of inner roof (R_raot.i} B6.406 Tear
Radius of outer roof (Rtoof.0) 8,306 Tx - 7;;7¥k
Height from the top of the base slab to the topmost of 55,050 2
the roof (RHelght) oot Ressto
Distance of tapered section 1 (sl1} 10,079
Distance of tapered section 2 (sI2)
Set zero Set default
Name [Tnk1 VB

CHe] CEal Help
Fig 58 Tank Definition Dialog

U Include Pile Data This option should be checked to define each pile location
and its properties in a 3D shell model. If checked (ticked) the Pile
Arrangement (3D) tab will appear

QO Include insulation This option should be checked for Spillage analysis and
Burnout analysis for both of which insulation should be modelled . If checked
(ticked), extra tabs for insulation properties will appear.
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Examples — User Inputs

4 Include Seismic Data This option should be checked for Seismic Analysis. If
checked (ticked) the Seismic inputl and Seismic input2 tabs for seismic data
will appear.

Structural Definition

Concrete Tank

Include pile data Include insulation Include seismic data
Structure Definifion  Material Properties ‘ Boundary Conditions | Loading ‘ Prestress Load | Pile Arrangement (300 | Seismic input 1] Seismic input 2

Concrete tank  |ngulations

Base slab and Roof  all and Ring beam

Base slab {Units: m)

Circular part length (L innen) EX]
Circular part depth (D_inner) 12

Tapered section length (W_1) 06

#nnular part length (L_outer) 67

#nnular part depth (D_outer) 15

Base heating (D_heating) 0,35

Roof (Units: m)

Radius of inner roof (R_raaf_i)
Fadius of outer roof (R_taof_o)

Height frorn the top of the base slab to the topmast of 56,254
the roof (R_Height)

Distance of tapered section 1 (sl1) 10.079

Distance of tapered section 2 (sI2)

Set zero Set default

Name [Tnk1 Vo

Hoi

Fig 59 Tank Definition Dialog (Structure Definition/ Concrete Tank/ Base Slab and
Roof)

Base Slab

Dimensions for the Base Slab should be entered. The input value must be a positive
numerical value.

Loute T

DirElE Tgw%ﬁ

| _Linner
\

Wt
O Circular Part Length (L_inner): Defines the length of the circular part of the
base slab where the piles are arranged orthogonally.
O Circular Pat Depth (D_inner): Defines the depth of the circular part of the
base slab.
O Tapered Section length (W _t): Defines the length of the tapered section if it is
considered in the model.
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Tank Definition

O Annular Part Length (L_outer): Defines the length of the annular part of the
base slab where the piles are arranged in an annulus.

O Annular Part Depth (D_outer): Defines the depth of the annular part of the
base slab.

U Base Heating (D_heating): Defines the depth from the top surface of the base
slab to the heating line if base heating is considered in the analysis. Base heating
is installed to maintain constant temperature in base slab.

Roof

Dimensions for the Roof should be entered. The input value must be positive numerical
value.

sl2

Heingbeam

+ Rl height

Rroof i
e Rrosto

Radius of Inner Roof (R_roof _i): Defines the inner radius of Roof.
Radius of Outer Roof (R_roof_o): Defines the outer radius of Roof.

Height from the top of the base slab to the topmost of the roof (R_Height):
Defines the height between the top of the base slab and the top of the roof.
Distance of tapered Section 1 (sl1): Defines the lateral distance of the tapered
section 1.

Distance of Tapered Section2 (slI2): Defines the lateral distance of the tapered
section 2.

0o 0O 000
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Tank Definition

Include pile data Include insulation Include seismic data
Structure Definition  Material Properties | Boundary Conditions | Loading | Prestress Load | Pile Arrangement (3D) | Seismic input 1 | Seismic input 2
Concrete fank  Insulations

Base slab and Roof  Wall and Ring beam

Wall and Ring beam (Units: m)

Inside radius of concrete outer tank wall (InsR} 432 Tringheam

Thickness of wall base (T_bottarn) 1.1

Height of tapered wall {H_wall_t} T

Thickness of wall top (T_top) 0 Tl T

op

Height of wall (H_wall) 42,68

Height of ringheam_2 (H_ringbearn_2) 1.7

Height of ringheam_1 (H_ringbearn_1) 1.5 I_H"'gmm

Thickness of ringheam (T_ringbeamn} 1.08 Hoot Higimamt

Slope height (R_sl_height) oo

Huwatx
2 .
Toottom
Set zero Set default
Name [Trk1 | ] e
0K Cancel Apply Help

Fig 60 Tank Definition Dialog (Structure Definition/ Concrete Tank/ Wall and Ring
Beam)

Wall and Ring Beam

Dimensions for the Wall and Ring Beam should be entered into the boxes. The input
value must be a positive numerical value.
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Tank Definition

0o 0O 0O O O O

Tringbeam

Ttop

Huwan

H wall_t

Thattom

Inside radius of Concrete outer tank wall (InsR): Defines the inner radius of
the concrete tank wall.

Thickness of Wall Base (T_bottom): Defines the thickness of the bottom of
the wall which is connected to the base slab.

Height of Tapered wall (H_wall_t): Defines the height of tapered wall from
the top surface of the base slab if the wall has a tapered section.

Thickness of Wall Top (T_top): Defines the thickness of the top of wall which
is connected to the Ringbeam.

Height of wall (H_wall): Defines the height of wall from the top surface of the
base slab.

Height of Ringbeam 2 (H_ringbeam_2): Defines the height of the 2™ part of
Ringbeam measured from the point where inner Roof is connected to Ringbeam
to the top of the Ringbeam.

Height of Ringbeam_1 (H_ringbeam_1): Defines the height of the 1* part of
the Ringbeam measured from the bottom of the Ringbeam to the point where the
inner Roof is connected to the Ringbeam.

Thickness of Ringbeam (T_ringbeam): Defines the thickness of Ringbeam
Slope height (R_sl_height): Defines the height difference between the left and
right side of the Ringbeam.
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Insulation

Include pile data Include insulation Include seismic data
Stucture Definiion  Material Properties ‘ Boundary Conditions ‘ Loading ‘ Prestress Load | Pile Arrangement (30) | Seismic input 1| Seismie input 2

Concrete tank  Insulations

Base insulations (Units: m) {Upto B seaments can be defined for each Layer)

Laver 1 Layer? Layer3 Layerd Layer§ Layerb

Base and Wall Insulation

D Length Thickness Matatial 1D
. 0105 1 Set zero
2 ans 0105 2

Set defaults

Add

Femove

Wall insulations (Units: m)y

Layer 1 Layer2 Layer3 Layer4

Set defaults

D

Length Thickness Material 1D

49255 0.155 3 Set zero
2 EME 0,155 5 i
Remave
Roof Insulations (Units: m) Roof Insulation
Layer 1
vor! Set defalts
D Length Thickness  Material ID
04829 075 5 Set zera oot e
R 05 7 add

Remove

name [Tkt B

Close Help

Fig 61 Tank Definition Dialog (Structure Definition/ Concrete Tank/ Insulation)

a

O

COo0Oo

Length: Defines the length of each segment of insulation in each layer. Rows
for additional segments can be added to each layer by clicking the ‘Add’ button
on the right.

Thickness: Defines the thickness of each segment of insulation in each layer.
Rows for additional segments can be added to each layer by clicking the Add
button on the right.

Material 1D: Defines the material properties that are assigned to each segment
of insulation. The ID must match one of the material properties that is defined in
the Insulation Materials tab in Material Properties tab.

Set Zero: Sets all the input values to zero for the specific Insulation.

Add: Add a row to define a new segment for each layer of Insulation.

Remove: Removes the selected row.

The sum of the height of the Wall Insulation and the total thickness of Base
Insulation should not exceed the sum of the height of the Ringbeam_1 and the
Wall Height.

Base Insulation
A maximum of 6 layers of base insulation can be defined.

Wall Insulation
A maximum of 4 layers of wall insulation can be defined.

50



Tank Definition

Roof insulation

Roof insulation layers are assumed to sit on top of the innermost layer of wall
insulation.

e The top-left point of the innermost layer of wall insulation is used as the
‘reference point’ for modelling the roof insulation.

e The sum of the total length of the roof insulation for a layer and the total
thickness excluding the last layer for the wall insulation should be equal to inner
diameter of concrete wall.

Roof Insulation Layer 2

Roof Insulation Layer 1

Reference point

Several examples of defining wall and roof insulation follow:

Roof Insulation
Layer 1

Roof Insulation
Layer 1

Reference point

Case 1 Case 2
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Examples — User Inputs

Roof Insulation Roof Insulation
Layer 1

Layer 1

Case 3 Case 4

Roof Insulation
Layer 1

Roof Insulation Layer 1

Case 5 Case 6

Case 1
3 wall insulation layers and 1 roof insulation layer are defined.

e Length of wall insulation layer3 + Thickness of roof insulation layerl = Length
of wall insulation layer2

e Thickness of wall insulation layer3 = Length of 1% segment of roof insulation
layerl
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Case 2
3 wall insulation layers and 1 roof insulation layer are defined.

Length of wall insulation layer3 + Thickness of roof insulation layerl = Length
of wall insulation layer2

Thickness of wall insulation layer3 < the length of the 1% segment of roof
insulation layerl

Case 3
3 wall insulation layers and 1 roof insulation layer are defined.

Length of wall insulation layer3 + Thickness of roof insulation layerl < Length
of wall insulation layer2

Thickness of wall insulation layer3 = Length of the 1% segment of roof
insulation layerl

Case 4
3 wall insulation layers and 1 roof insulation layer are defined.

Length of wall insulation layer3 + the thickness of roof insulation layerl > the
length of wall insulation layer2

Thickness of wall insulation layer3 < the length of the 1% segment of roof
insulation layerl

Case 5

3 wall insulation layers and 1 roof insulation layer are defined

Length of wall insulation layerl/Layer2 and Layer3 are identical

Thickness of wall insulation layer3 < the length of the 1* segment of roof
insulation layerl

Case 6
2 wall insulation layers and 1 roof insulation layer defined.

Length of wall insulation layer2 + the thickness of roof insulation layerl = the
length of wall insulation layerl

Thickness of wall insulation layer2 = the length of the 1* segment of roof
insulation layerl
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Material Properties

Include pile data Include insulation Include selsmic data

Stucture Definition || Material Properties  Boundary Conditions | Loading ‘ Prestress Load | Pile Arrangement (30 ‘ Seismic input 1] Selsmic input 2

Tank matetials  Insulation materials

Elastic : Thermal
. Poissons ratin Mass Density Lty Heat Capacity -,
Material 1D Podulys €. {3 Mase bg alpha Conducty {37 Descipton
02 2563 10.0E-6 20 2.25%6 BaseSlab
Concrete (Wall) 35,069 [ 2563 10.0E-6 20 2.05%6 Wall
Concrete (Ringbeam) 35,068 0z 2563 10,0E-6 20 22576 FingBeam
Cancrete (Roof) .09 0.z 2563 10.0E-6 20 2.25%6 Fioof
Set Zem Set defaults
Name [Tkt 1B @

Fig 62 Tank Definition Dialog (Material Properties — Tank Materials)

The Tank Materials tab contains the material properties for the base, wall, ringbeam
and roof concrete required for the modelling the structure. Thermal Conductivity and
Heat capacity should be entered only when thermal analysis is carried out.

Include pile data Include insulation Include seismic data

Structure Definition || Material Properties  Boundary Conditions ‘ Loading ‘ Prestress Load | Pile Arangement (30) | Seismic input 1| Seismic input 2

Tank matetials Insulation materials

Material ID Eéﬂyi&}mﬁz) Poiasons atis. Densiy (1ho.  gipng é%mflc‘;“v HER SERSE  Descrintion
T 0z 00 10.0E-6 20 1.97E6 Soll
1 1 02 00 10066 20 225766 Levalling concrete
2 1 02 00 10068 07 225766 Dry Sand
3 [ 02 00 10,066 0,044 9434E3 | Callular Glass(Typel)
[ 1 02 00 10066 027 7631633 |Perlite Concrate(Base Slab)
5 1 02 00 10066 00811 51.263 Loose Fill Expanded Perlite(Wall)
6 [ 02 00 10,066 0032 9663 Resilient Glass Fibre BlanksttH,.
7 [ 0z 00 10068 00372 18.0B27E3 | Glass Fitrs Blanket(Foof)
Set zero Set defautts Add Remove
Name [Tk YHao

Close Help

Fig 63 Tank Definition Dialog (Material Properties — Insulation Materials)
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Tank Definition

The Insulation Materials tab should list all of the material properties of each type of
insulation required for the modelling the structure. The unique ID numbers must
include all of the material properties that have been assigned in the Insulations tab in
Structure Definition tab

Boundary Conditions

Include pile data Include insulation Include seismic data

Structure Definition | Material Properties || Boundary Conditions

Support type

FRegular Support < Vertical stiffness [ vim/m Harizontal stiffness [ Mvyme

Loading ‘ Prestress Load | Pile Arrangernent (3D) | Seismic input 1 ‘ Seismic input 2‘

Regular Spring Supports

Set zero Set Defaults

name [Tkt VB

oK Cancel Apply Help

Fig 64 Tank Definition Dialog (Boundary Condition- Regular Support)

Support Type

This tab defines the support type for the bottom of the base slab. Options are: ‘Fixed
Support’, ‘Pile Support’ or ‘Regular Support’. If ‘Pile Support’ is selected, the pile
stiffness for spring supports should be defined and the unique ID numbers must include
all of the pile stiffness. If ‘Regular Support’ is selected, one vertical and one horizontal
stiffness should be defined. The stiffnesses should be a positive value in MN/m/m?.
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| @ include plle data Include insulation Include seismic data
Structure Definition | Materlal Froperies || Boundary Conditions Luaumg| Prestress Load | Pile Arangement (30) | Seismic input 1| Selemic input2
Support type
Pile Support <

Spring stifiness for piles

NS Ragins ) ecal Siilpess ?@rﬁg‘id) Desription Pl supports
O .2 52,0 479 Pile
2 8.4 1.0624E3 8.1 Plle
3 126 1.5987E3 122.7 Pile
¢ 168 2,1048E3 1702 File
5 21.0 26311E3 2128 Plle
3 =2 3.1573E3 2553 Pile
7 294 5436263 26,7 File
& 329 5.7295E3 301.6 Plle
9 %7 4.6615E3 3717.0 Pile
10 403 4,3345E3 4039 File
1 451 5. 664E3 4578 Plile

| Spring Number
Set zero Set Defaults Add Remove
Name [Tk YEHao

Close Help

Fig 65 Tank Definition Dialog (Boundary Condition- Pile Support)

Spring Stiffness for Piles

This tab defines the vertical and horizontal stiffness for the piles. The stiffness should
be entered as a positive value in MN/m/rad. The radius is the distance from the centre
of the tank to where each equivalence spring support is located.
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Tank Definition

Loading

Tank Definition X
Include pile data Include insulation Include seismic data

Structure Definition

Material Properties | Boundary Conditions | Loading Prestregs Load | Pile Arrangement (3D) | Seismic input 1| Seigmic input 2

Structural Dead Loading  Structural Variable Loading  Thermal Loading

Initial liquid helght (m. For burnout and seismic analysis)
Loading Type Ehecking Dimension{m}) }ﬁ'{luin"a Desciption #| - Dead load of steel structure
oad Tupe kN%n)
Dead Loads of Steel Structure g4 0o 00 Steel Structure
Dead Loads of Steel Structure P 421 29 Steel Structure
Dead Loads of Steel Structure q-r 421 0,098 Steel Structure
Dead load of liner and steel roof a-1 432 0,404 Liner_basel
Dead load of liner and steel roof q-2 0o i} Liner_base?
Dead load of liner and steel roof a3 0.0 0o Liner_base3d
Dead load of liner and steel roof g4 0o i} Liner_based
Dead load of liner and steel roof gr_liner 432 1,085 Liner_Roof
Dead load of liner and steel roof gL 0o 0,404 Liner_iall
Dead load of steel structures on't,,, |gr_st 10,0 575 SteelStructuref
Dead load of Ingulation g-1 4.5 4,902 Insulgl
Dead load of Insulation q-2 06 10,314 Insul_g2
Dead load of Ingulation g-3 0E 30,059 Insul_g3
Dead load of Insulation g4 05 24,645 Insul_g4
Dead load of Insulation g-r 42,1 0177 Insul_gr
Prassure on outer tank wall dust,, p_i 00 0,245 Insul_Pressure
‘Wall piping loading g-wp 0o 1.2 ‘Wall piping loa
v
< > Set zern Set defaults
Name [TnkL | B e

OK. Cancel Aoply Help

Fig 66 Tank Definition Dialog (Loading — Structural Dead Loading)

Structural Dead Loading
This defines the structural dead loading to consider in analysis.

O Initial Liquid Height This defines the initial height of the contained liquid,
which is used to compute the total LNG mass. It is measured from the top of the
base slab.

O Loading Type Defines the type of structural loading including dead load and
hydrostatic load. Data tips and other details such as load direction and where to
apply can be seen on the right.

O Loaded Length [Dimension(m)] Defines the loaded length in metres. Negative
loaded lengths are not permitted and may give an error message. A zero loaded
length means that the loading is not considered in the analysis.

O Value Defines the magnitude of the structural dead loading in units of kN per
square metre or kN per metre length. A positive value should be entered
regardless of the loading direction. The structural loading will be automatically
defined by correctly matching the load direction shown the load assignment
image.
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Include pile data Include insulation Include seismic data

Structure Definition | Material Properties | Boundary Conditions ‘ Loading Prestress Load | Pile Arangement (30) | Seismic input 1| Seismic input 2

Structural Dead Loading  Structural Yariable Loading  Thermal Loading

- _ - Liquid Bottom

Loading Type Chesking . Dimensionmy {lREvabe, o MinValie iy Descipto |

Liguid batior adioud 0 159662 159,662 Linuid a1 !

Liquid botiom aZlud 00 [ [ Liquid_q2 |

Liauid botior addioud 00 i [ Liauid a3 |

Linuid botiom addioud 00 00 10 Linuid a4 |

Liquid wal (itaie) aiquid_wall 0.0 10 00 Liquid g |

Liquid wall (vin) aiquid_wall 00 00 00 Liouid_| |

Gas Pressure s 00 50 50 GasPres|

Live load arlive 10 12 [ LiveLoad

Snow load arsnow 00 12 00 SnowLoa

Test lnad (Linuid batiory P_hydrstatic 42,1 153662 00 Hydrosta

Test load (Linuid wal) P_hydrastati, 0.0 [ 00 Hydrosta]

Test lnad (Pneumatic) P_pneumatie 0.0 12 00 Pnaumal

Setzero Set defautts
< >
Name \w.t v\ o)
oK. Cancal #pely Help

Fig 67 Tank Definition Dialog (Loading — Structural Variable Loading)

Structural Variable Loading
Defines the structural variable loadings to consider in analysis.

U Loading Type: Defines the type of structural loading including dead load and
hydrostatic load. Data tips and other details such as load direction and where to
apply can be seen on the right.

U Loaded Length: Defines the loaded length in metres. Negative loaded lengths
are not and may give an error message. A zero loaded length means that the
loading is not considered in the analysis.

O Max/ Min Value: Defines the magnitude of structural variable loading in units
of kN per square meter or KN per meter length. A positive value should be
entered regardless of the loading direction. The structural loading will be
automatically defined by correctly matching the load direction shown the load
assignment image.
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Tank Definition x
Incluge pile data Incluge insulation Include seismic data

Structure Definition | Material Properties | Boundary Conditions || Loading Prestress Load | Pile Arrangement (3D) | Seismic input 1| Seismic input 2

Structural Dead Loading  Structural Variable Loading  Thermal Loading
Convective

Loading Type (Srﬁi)“age Height Eré)mperat“’e 80/25!\;2\?5 Type of boundary  Description

Liquid Temperature 0.0 -170.0 oo Convection ~ |Liguid Temperature
External Temperature 0.0 25,6 25.0 Convection ~ |External Temperature
Base Heating 0.0 5.0 00 Prescribed ~ |Base Heating

Initial Temperature (Soil} 0.0 151 00 Prescribed ~ |Initial Temperature of Soil
Initial Temperature (Structure) 0,0 151 00 Prescribed ~ |Initial Temperature of Structure

Set zero Set defaults = If temperature for base heating is defined as other than zero, it will be considered in the analysis,
Otherwige base heating will not be considered in the analysis,

Name |Tr\k1 v‘ 2| frew)

oK. Cancel Apply Help

Fig 68 Tank Definition Dialog (Loading — Thermal Loading)

Thermal Loading

O Loading Type: Defines the type of temperature loading including LNG
Temperature, External Temperature, Base Heating, Initial Temperature, and
Spillage Temperature.

O LNG Temperature: LNG Temperature which is applied to the inside of the
inner tank.

O External Temperature: Ambient temperature applied to the outer tank.

O Base Heating: Temperature for the base heating system that is applied to the
heating line if a base heating system is considered in an analysis. The heating
line could be defined in the Structural Definition tab. If any value except zero
is entered (which is the distance from the top of the base slab to the heating line)
then the base heating temperature will be considered in the analysis.

Q Initial Temperature: Initial temperature that is applied to whole model.
Thermal stress is zero at this temperature.

O Convective Coefficient: Defines the convective coefficient that is only required
when Convection is entered for the Type of Boundary.

O Type of Boundary: Defines the type of boundary which should be selected.
Options are: ‘Prescribed’ or ‘Convection’. If Prescribed is selected, LUSAS
Prescribed temperature is used to define temperature loading and the
temperature where the loading is applied will be maintained at the defined
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value. If Convection is selected, Convection Coefficient should be entered and
LUSAS Environmental temperature is used to define temperature loading. The
temperature where the loading is applied will vary by the convection coefficient
entered.

Prestress Load

Include pile data Include insulation Include seismic data

Structure Definition | Material Properties ‘ Boundary Conditions ‘ Loading ‘ Prestress Load  Pile Arrangement (30) | Seismic input 1| Seismie input 2‘

Vertical prestiess

Total tendon force (Shart Term, ki) [EamEEs | Total tandon force (Lang Tarm. K} [PameEs |

2D Conversion (kN/m"2) [ERES] 2 4337563 2D Conversion (kN/m'2) : 357193 24337563
30 Shell Conversion (kH/m) 2 TEIES 2D Shell Conversion CkNN/m) 2. 159143

Horizontal prestress

Section 1D St Posion g poion (my fogoed Lenalh ?j&?ﬂ'ﬂ%ﬁijﬁ“ (%:?EESQ Description ———— Vertical Prestrse

<

RingBeam

00 00 12 31,275 31,275 BaseSlab
0o 38 38 319,291 315,291 1T
38 74 36 208,796 208,796 20T
4 1.0 36 206,208 206,208 30T
1.0 14.6 36 180,432 180,432 0T
146 162 36 154,656 154,656 BI0T
18.2 218 36 154,656 154,656 BIOT

218 .4 36 128.88 128.88 70T Horizontal Prestress

254 250 36 103,104 103,104 80T
8.0 326 36 103,104 103,104 8107
326 62 36 103,104 103,104 10T
36,2 388 36 103,104 103,104 10T
398 42,88 288 96,66 96,66 1207
42,68 45,88 32 112,033 112,033 FRingBeam [Base Prestress

5) Vertical Prestress

Set zero Set defaults Add Remove

Name [Tok1 Y He

oK Cancal Apply Help

Fig 69 Tank Definition Dialog (Prestress Load)

Vertical Prestress
O Total Tendon Force (Long term/ Short term): Defines the total tendon force

for vertical prestress. The vertical prestress load is calculated by dividing the
Total tendon force by the loaded area. It is applied to both the top surface of the
ringbeam and the bottom surface of the base slab over an area equivalent to the
width of the bottom surface of the wall.

Horizontal Prestress

a

a
a
a

Section ID: A unique positive integer ID should be defined, with the exception
of the first and the last row.

Start Position: Defines the start location of the prestress load. It should be
defined from the top of the base slab, which is at a location of Om.

End Position: Defines the finishing location of the prestress load. It should be
defined from the top of the base slab which is at a location of Om.

Loaded Length: Defines the loaded length in metres. Negative loaded lengths
are not permitted in the modelling and may give an error message. A zero
loaded length means that the loading is not considered in the analysis. A loaded
length for the base prestress load will be automatically defined as the depth of
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inner base slab and this value will be able to be changed after the analysis model
is created by editing the attribute.

O Prestress load (Short term/ Long term): Defines the magnitude of the
structural loading in units of KN per square metre. A positive value should be
entered regardless of the loading direction. The hoop forces in the tendon are
applied as radial pressures by considering the radius of the tendon.

Pile Arrangement (3D)

Include pile data Include insulation Include seismic data

Structure Definition ‘ Material Properties | Boundary Conditions ‘ Loading ‘ Prestress Load ‘ Pile Arrangement (303 Seismic input 1| Seismic input 2

Crosswise pile X coordinates (Units: m)

n
&l Pz 73 Pl P5 76 P7 P8 73 ~ eeeees T
EE - 2 84 12,6 168 21,0 ®2 294 #6 L !
[ 42 a4 126 168 210 %2 204 E fe
00 42 a4 126 168 210 %2 204 Le o i fentol piles
00 12 a4 126 168 210 %2 204 te “
00 42 a4 126 168 210 %2 204 P
00 42 a4 126 168 210 %2 |
v !
Crosswise piles ¥ caordinates (Units: m)
o1 = 3 e 3 e 7 5 g = Addpile in Define pile locatians...
o [ 00 0.0 0o 00 0 0o 0.0 Add pile in ¥ Setzero Set defaults
1.2 ER 42 12 42 42 2 42 42 P——
Crosswise pile stifness
a4 a4 a4 a4 a4 a4 Rl a4 Vertical stiffiess (k/m) 573 07863
-i25  -126 |-l26  |-126 | -l26  |-1z6  -l26  -126 ertical stiness (h/m
68 88 |88 68 <88 |68 68 -188 Horizantal sfifness (kH/m) 32 23763
20 e 2 e e 2 o o e
Circumferential piles
Tofial Theta  Number o Veriical Sifness Horzontal
0 f (m (degree) piles ay/m Stifness (ki/m) Tupe T
I EN 00 5% 523,016E3 42.297E3 Cirpiles el detauls
B 08 00 i 523,018E3 12,2973 Cipiles Set zero
3 4.9 00 5 EXIES] 12,2973 Ciriles add ol row
Remave pile row .
Name ‘Trvkl V| l

oK Cancel Apply Help

Fig 70 Tank Definition Dialog (Pile Arrangement)

Crosswise piles X Coordinates

Defines X coordinates for piles which are located in the fourth quadrant from the centre
of the tank. The value should be a positive number. If all crosswise piles coordinates

are zero, then the crosswise pile is not included and only circumferential piles are
included in the model.

Crosswise piles Y Coordinates

Defines Y coordinates for piles which are located in the fourth quadrant from the centre
of the tank. The value should be a negative number. If all crosswise piles coordinates

are zero, then the crosswise pile is not included and only circumferential piles are
included in the model.
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Murnber of piles in X 13 | Rowin Y Murnber of piles in X
Add row in Y
Remove row

: Start offset of piles in X {m)

; Start offset of piles in % {m)

General spacing of piles in % (m)

i General spacing of piles in % {m)

Cancel Apply Help

Fig 71 Tank Definition Dialog (Pile Arrangement — Define Pile Locations)

Define pile locations

O 0O 0O OO0 OO0

Q

Number of piles in X: Defines the number of piles in the X direction

Add Row in Y: Add a row in Y direction with a defined number of piles in X
direction

Remove Row: Remove the last row in the Y direction.

Start offset of piles in X(m): Defines the start offset of piles in X direction. If
this value is zero, X coordinates for the piles in the first column are zero.

Start offset of piles in Y(m): Defines the start offset of piles in Y direction. If
this value is zero, Y coordinates for the piles in the first row are zero.

General Spacing of piles in X(m): Defines the spacing of piles in the X
direction.

General Spacing of piles in Y(m): Defines the spacing of piles in the Y
direction.

Horizontal Stiffness: Defines the horizontal stiffness of the crosswise piles.

Crosswise piles stiffness

a
a
a

Vertical Stiffness: Defines the vertical stiffness of the crosswise piles.
Horizontal Stiffness: Defines the horizontal stiffness of the crosswise piles.
Type: Defines the name of crosswise piles which is used as dataset name.

Circumferential piles

a
a

a

R: Defines the radius of the ring of piles.

Initial Theta: Defines the angle (theta) between the X axes and the location of
first pile. If the first pile is placed on the X axis then initial theta will be zero.
Number of piles: Defines the number of piles positioned the same distance
from the centre of the tank.
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Tank Definition

Q Vertical Stiffness: Defines the vertical stiffness of the circumferential piles

O Horizontal Stiffness: Defines the horizontal stiffness of the circumferential

piles.
O Type: Defines the name of crosswise piles, which is used as dataset name.

Seismic Input 1

Include pile data Include insulation Include seismic data

S"udursDEl\mhnn‘ Ma«syiawmpemsa‘ Boundary Cnndmnna‘ Lnadmg| Prestress Load | Pile Arangsment cam‘ Seismic input 1 Seismic input 2

Inner Tank Properties  Mon-Structural Masses

Liquid mass

Liquid unit mass 480.0 (kg/m"3) Inner tark inside radius )

Inner tank geometric properties

1 2 3 4 5 B 7 8
0,031 0,0361 0,012 0,01 0.0 0.0 0.0 0,0
Height(m} 3.08 210 3.86 .12 0.0 00 0.0 0.0
< >
Inner tank material propetties
Coefficient of  Thermal
Elastic Modulus Poissons ratio Mass Density it Heat Capacity
Filg UGS ey iy MEET vescipior
Inner Tank 200.0E9 0z 7.85E3 10.0E-6 2.0 1.968E6 Inner Tank
Set zero Set defaulls
Name [Tnki ~| ] @

oK Cancel Apply

Fig 72 Tank Definition Dialog (Seismic Inputl — Inner Tank Properties)

Help

O Liquid Unit Mass This defines the LNG Unit Mass for convective and

impulsive mass in seismic analysis.

O Inner Tank Inside Radius Defines the inside radius of the inner tank which

will be used to compute total LNG mass and Inner tank volume.
Q Inner Tank Thickness and Height Defines the thickness and height of
inner tank, which will be used to compute total Inner tank volume

Q Inner Tank Material Properties This defines the material properties of
inner tank, which will be used to create a seismic model.

the

the
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[ Include pile data [ Include insulation

[ Include selsmic data

Structure Definition | Material Properties | Boundary Conditions. ‘ Loading ‘ Prectress Load | Pile Arangernent (30) | Seismic input 1 Seismic input 2

Inner Tank Properties  Mon-Structural Masses

Roof  Ring Beam Wall Base Slab Inner Steel Tank

Descriptions.

Mass(ka)
1,486

Suspended deck & insulation of the suspended ceiling 135.0E3
Roof nozzles 42.0E3
FRoof platform 400,0E3
Roof purnp & crane 30.0E3
Roof piping and support 103.0E3
Others. 00
Total 2 11EE
Set zero Set defaults
ame [Tkt M=)
oK Cancel Apply Help
Fig 73 Tank Definition Dialog (Seismic Inputl — Non-Structural Masses)
Non-Structural Masses
This tab defines masses for the non-structural parts which will be used to compute
additional mass for seismic analysis.
Seismic Input 2
Include pile data Include insulation Include seismic data
Structure Definition ‘ Matarial Pmuemes| Boundary Cnr\dmnr\s‘ Lnadmg‘ Prestress Load | Pile Arrangement (300 | Seismic input 1 ‘ Seismic input 2
Pile Properties  Soil Properties
Geometric properties
I e L L A T
617,228 540,157 297,064 3 EX] 225, 923363 225 %3E3
Material properties
Elastic Paissons ratic Mass Density G oefficient of  Thermal Heat Capacity
sl € G (GRS D gty GRS b
pie O 03 2563 10.0E-6 20 (] Pile
Set zero Set defaults
Nome [Tk V| H o
oK Cancel Apply Help

Fig 74 Tank Definition Dialog (Seismic Input2 — Pile Properties)
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Tank Definition

Pile Properties

U Geometric Properties: Define geometric properties for piles which will be
used to build a model for seismic analysis. Piles are to be modelled with a series
of elements in a single line. Values for area, inertia and stiffness for ‘Pile’
should be for the total of all piles acting as a group.

Q Material Properties: Define material properties for piles which will be used to
build a model for seismic analysis.

Include pile data Include insulation Include seismic data
Structure Definition ‘ Material Properties ‘ Boundary Conditions ‘ Loading | Prestress Load ‘ Pile Arrangement (3D} | Seismic input 1 ‘ Seismic input 2

Pile Properties  Soll Properties

Fave gotom ELGm) [RIck9SS O in(ny/m/m)  Description(Soil Profile) ”

File He... (i 0o 00 Pile Head Layer 1

1 20 20 14,9263 Backil

2 40 20 %, THE S Backil Layer 2

3 5.0 20 2,33 Backil

4 80 20 215483 Backfil Layer 3

5 -10.0 20 23,6263 Backil

6 -12.0 20 2373 Sitty Sand! Layer 4

7 -140 20 27,003 Silty Sand! [E—

8 -16.0 20 24,3573 Silty Sand1 Layer 5

El -18.0 20 4563 Silty Sand2 T

10 -20,0 20 21,26%3 Silty Sand2 Layer 6

i 20 20 2503 Sily Sand2

12 240 20 21,783 Silty Sand2

13 2.0 20 30,7893 Silty Sand2

14 -28.0 20 % 82263 Sily Sands

15 -30.0 20 3,353 SSilty Sand3 Add

16 20 20 % 3%E3 Silty Sand3 Remove

17 -340 20 6 847ES Sily Sands T

18 -%.0 20 3,343 Silty Sand3

13 -3 20 35563 Silty Sand3 . Satzero
Name [TrkL Y EH o

oK Cancel Apply Help

Fig 75 Tank Definition Dialog (Seismic Input2 — Soil Properties)

Soil Properties

U Bottom EL: Defines the level (elevation) of a soil layer with respect to the pile
head which is at a location of zero. The value should be negative.

O Thickness of Layer: Defines the thickness of each layer. The value should be
positive.

U Kh: Defines the horizontal soil spring stiffness per unit length.
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2D Axisymmetric Static Structural Analysis

User Inputs
The required user inputs for this model are as shown in [Fig 76].

ank Definitio x
[ Include pils data [ Include insulation, [l Includs seismic data
Stucture Definiion Material Properties ‘ Boundary Condttions ‘ Loading ‘ Prestress Load | Pile Anangement (30) | Seismic input 1 ‘ Seismis input 2‘ I
i Conciets @kl Insulations
i
Base slab and Aot Wall and Fing beam 1
Base slab (Units: m)
Circular part length (L_inner) EXi I Linner j Louter |
Circular part depth (D_inner) 12 I T |
Tapered saction length (W.1) 06 D;
Douter
Annular part length (L_auter) 67
Annular part depth (D_outery 5
Base heating (D_heating) 0,386 We
Roof (Units: mj
Radius of fnner roof (RLroof 1) AT Tk
Radius of outer roof (R_roof_o) B6.906 T %T . o
— N
Height fram the top of the base slab ta the topmost of 56,254 =
the roof (_Height) Rroot. Reoato T~ sl
Distance of tapered section | (slf) 10,079 Hungberm.2
Distance of tapered section 2 (120 3 Rupegn
Set zero Set default
Name \ml v\ =@
oK Cancal Apply Help

Fig 76 User Inputs for 2D Axisymmetric Static Analysis

The user dialog is available from LNG Tank>Static Analysis Wizard as shown in
[Fig 77].

Specify a model filename and set the element size to 0.2 m, and press OK to build the
model.
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2D Axisymmetric Static Structural Analysis

Tank definition data Tkl ~
Model flename ‘ ‘
Saved model file path ‘C:WUsersWnhsanDncumentsWLusasWSDWPrnjectSW(ED),md‘
Element size (m)
Analysis type
(® 2D Axisymmetric solid (30 Shell
Cancel Help

Fig 77 User Dialog for 2D Axisymmetric Static Analysis
Meshing

Element Type

LUSAS elements ‘QAX4M’, which are suitable for a 2D axisymmetric model, are
defined and assigned.

Element Size
The largest element size used in the model will be less than 0.2m as per user input.
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T e

|

[
e

Fig 78 Mesh division for a 2D Axisymmetric Model

The numbers of mesh divisions are computed to obtain an element size smaller than
0.2m as per user input

Geometric Properties
No geometric properties are required for 2D axisymmetric model.

Material Properties
User defined material properties are assigned to the relevant surfaces.

[ Include pile data

Tank materials  |nsulation materials

Include insulation

Include seismic data

Structure Definition || Material Properties  Boundary Conditions ‘ Loading ‘ Prestress Load ‘ Pile Arrangement (30) ‘ Seismic input 1| Seismic input 2

Elastic

Matetial D Madulus (E.
N/m™2)

Concrete {

35.0E9

Concrete (Wall) 35,0E9
Concrete (Ringbeam) | 35,0E9
Concrete (Foof) 35, 0E9

Paoissons ratio Mass Densit
D] tka/m™3)
nz 25E3

0z 25E3

nz 25E3

0z 25E3

Y alpha

10.0E-8
10,0E-8
10,0E-8
10,0E-6

Therrnal
Conductwny
{d/ms.C)

20

20

20

20

Heat Capacit
(J/m™3/C)

2.257ER
2,257ER
2,257ER
2,257ER

Fig 79 User Inputs for Tank Materials

This can be found from LUSAS Modeller as shown in [Fig 80].

Y Description

BaseSlab
‘Wall
RingBeamn
Fioof
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2D Axisymmetric Static Structural Analysis

Attributes >ax |y 20.0 10.0 0.0 10.0 200 300 40.0 50.0 60.0
Lay Gr. & at. @& an. # Utl. & Re. Isotropic x
o
=43 Bample(20).mdl A2
13 Attributes (81)
1453 Mesh (31)
" (3 une (30) [JPlastic [Jcreep [Joamage [shrinkage [ viscous [JTwo phase  []Ko Initialisation
=23 Surface (1) o Elastic
& 31:AxsymmetricSolid 38
=TS Material (4)
F‘Eibﬂvﬂrﬁh)'-- []pynamic properties Value
L 1:8aseslab ! [ hermal expansion Young's modulus 350E9
=g = Poisson's ratio 02
& 3:RingBeam g Mass density 25E3
& 4:Roof Coefiicient of thermal expansion 10.0E6
=13 Supports (12)
TP
& 2:Pile_2 o
& 3:Pile_3 &
& a:pile_a
% 5:Pile_5
& 6:Pile_6
& 7:Pile_7 =
% 8:Pile_8 &
& 9:Pile_9
& 10:Pile_10
& 11:File_11
& 12:X Fixed =
=153 Loading (33) =
[£423 structural (33)
& 1:Selfweight
& 2:Steel Structure_q1
& 3:Steel Structure_gF o e
&% 4:Steel Structure_qr e :
& s:Liner_basel I HName |BaseSlab : M)
& sttiner oo p ]
- 7:Liner_Wall
& 8:SteelStructureRoof Ml
= ‘ oz W A Hap
Text Output
Support Conditions
Include pile data Include insulation Intlude seismic data
Stucture Definition | Material Praperies ‘ Boundary Conditions[Loading ‘ Prestress Load | Pile Arrangement (D) | Seismic input 1| Seismic input 2
Support type
File Support -
Spring sifiness for piles
Horizontal Pile Supports
Spring Vertical Stifness 9 i
‘ i Radius (m) (57107 F0°%S Sifiness  Descripiion .
1.2 e Pile I !
T T T PE |
3 126 1.5987E3 1227 Pile |
[ 168 2 104963 12 Pile |
5 2.0 26311E3 2128 Pile |
& %2 3157363 2653 Pile |
7 =X 3.496263 2627 Pile |
& 29 3.7295E3 301.6 Pile '
] 67 4661563 377.0 Pile !
10 0e 4,994563 403.9 Pile '
1 [ 5 6604E3 457.8 Pile |
 Spring Number
"1 2 3
Set zern Set Defaults Add Remove
Name [Tnk1 VIHao
Close Help

Fig 81 User Inputs for Boundary Conditions

The user input of 592 MN/m/rad for vertical stiffness is converted to 592E6 N/m/rad in

LUSAS Modeller.
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Attributes vax [y 200 0. 00 00 200 00 300 500 §00.______ 700800 900

By o & an. @an. & ui. Ere Structural Supports X
=3 Eample(20).mdl ~||2
—D———_.\..N il
£ 3 Surface (1) o Free  Foad Spring stffnass.
&b 31:AxsmmetricSolid 2 B -
1423 Material (4) x O O _@[ _ees_ 1
)23 Isotropic (4] = L r 1
& 18asesiab Transiation in y O o1 @ 53206 1
& 20l = . L-.,m-l
&b 3:RingBeam El
x
123 supports (1) 1
1 & 1 Rotation about Y
——mm - & g
& 3:Ple 3 2 z @ O Qf
&b 4:Pile_4
& 5iFies 1 Hinge rotatian
j et o Torsional warping
AL © Fore presaure ® O [ ]
Pl
&b 10:File_10
&b 11:Pile_11 Spring suffness distridution
-
53 Loading (33) =1 Y :' T
53 Struchural (33) (O Stifnessiunit langth
& 1:selnnieignt (O stiffnessfunit area
& 2:Steel Structure_q1
& 3:Steel Structure_qP ol
& 4:Steel Structure_qr & i
& Sitiner_hase1 oo
& 6:Liner_Roof
&b 7:Liner_wall
& et «l2 same P e

Fig 82 Pile Support for a 2D Axisymmetric Model

TEST CASE

If support type ‘Regular Support’ is chosen as shown in [Fig 83], the support definition
will be as shown in [Fig 84].

Include pile data Include insulation Include seismic data

Structure Definition ‘ Material Properties | Boundary Conditions  Loading ‘ Prestress Load ‘ Pile Arrangement (30} | Seismic input 1 ‘ Seismic input 2‘
Suppart type

| Regular Support v Wertical stifness (MM/m/m ™2 Harizontal stiffness 2000 (MN/mAm 2 |

Fig 83 Test Case - Regular Support for a 2D Axisymmetric Model

A vertical stiffness of 1000 MN/m/m? is converted into 1E9 N/m in LUSAS Modeller,
and applied as 1E9 N/m/m? by selecting the “Stiffness/unit length’ option. (In a 2D
axisymmetric model, ‘stiffness/unit length’ is converted to be ‘stiffness/unit area’.)
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e 7
A o [P 20 20 00 Structural Supports X
By Eern. & an. @ an. & Uni. O ge

=3 testcase(20).mdl ~ll - . .
= 3 Attributes (65) lysis category | 2D Axisymmetric
1) (1 Mesh (25)
=3 Material (4)
3 satropic (4)
& 1:BaseSlab X o
[e
& 2:wsll |
% 3:RingBeam Translation in ¥y O
3 supports |
& 1:Regular Spring Suppart

3 Loading (33) Rotation about ¥

E129 Structural (33)

& 1:selfweight 1 : ® 's) O '7
&b 2:5teel Structure_q1
& 3:5teel Structure_qp Hinge rotation 1
&b 4:Steel Structure_gr
& SLiner_besel Torsianal warping

& 6:Liner_Roof "
& 7o !
& B:SteelStructureRoof 1 A
& sinslq Spring siffness distribution
& 10:Insul_g2
& 11iInsul_q3 = ‘.J.‘.%H":w-
& 1z:Insul_gt ®

& 13:insul_gr
& 14:006_q1
& 15:wveload
b 16:Insul_Prassure Lift-off >
& 17:GasPressure

6.0
i

00

200

i

Pore pressure ®

& 18:VerticalFrestress_Top E Contact >>

&b 19:VerticalPrestress_Bottom :

& 20:Horzontal Prestress_LioT 1=

& 21:Horizontal Prestress_2I0T " Hame | Regular Spring Support ~| & @
[ —————

Fig 84 Test Case - Definition of a Regular Support for a 2D Axisymmetric Model

Loadings
A total of 16 loadcases is defined in the model.

B LUSAS Bridge Plus - Example(2D).mdl - o X
¢ File Edit View Geometry Aftributes Analyses Utilities Tools Bridge Design LNGTank Window lodules
DEEH & = B@ Q'Q'éEOv/vagvﬁ‘higlzl 3
Analyses vax LUSAS View: Example2DLmdl Window 1 el >
Hiavers [Blorou... Fattri.. (B anal. o utiit.. Erepo 00 - 00 200 0,0 200 00 60.0 500
-3 Bxample(20).mdl

chralanal o

2-22 Analysis 1 &

(2 Material

&0 1selfweight

11 2Dead Loads of Steel Structure FRONT

" 3:Dead load of liner and steel roof

&7 4:Dead load of steel structures on the roof

& S:Dead load of Insulation "

& GiPressure on outer tank wall due to insulaton £

&7 7:Wel piing loading -
&7 8:Liqud bottom(Wax) o R o &
&7 Siiqud bottam(Min)

&7 10:Gas Pressure(Max)
&7 11:Gas Pressure(Vin)
&7 124ive load

& 13:500 load o
&7 14:Test load {lquid bottom) &
&7 15:Test load (Peumatic)
&7 16Frestressioad v
o propertes
'y [
None ~ | [specty...

Fig 85 Loadcases available in a 2D Axisymmetric Static Analysis Model

71



Examples — User Inputs

Self Weight

B LUSAS Bridge Plus - Example(2D).mdl — o
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design LNGTank Window Help Modules

DS & = BB x 2-2- & o/ -0-& B inka(S]f[i]em® @ k-K-kkkkd (H:awE

Analyses vax LUSAS View: Example(2D).md| Window 1 x
Biayers Gr:um&MmI‘ B anal I&uumm CErepo.. 200 =108 0 10.0 200 300 400 50.0 600 700 80.0

B
5 Example(20).mdl
423 structural analyses

T T
(] Material =
e 1:Seifeight K
(] Supports. FRONT
-4 Loadng 1
i § Gravity =
Te=dToad: of T Shuckre &

7 3:Deadload of iner and steel roof

" 4:Deadload of steel structures on the roof 1 N
@

&7 5:Deadload of Insulation w2 o F

1 6:Pressure on outer tank wall due to insulation

L 7:wall piping leding =
& s:Liquid bottom (Max)

& 9:Liquid bottom (vin)

&7 10:Gas Pressure{Max)

L 11:Gas Pressure(Min) =
L7 12:Live load &
& 13:5nowload

& 14:Testload (Liguid bottom)

L7 15:Test load (Preumatic)

&Y 16:Prestressioad g

g, Model properties Y
‘ J

Fig 86 Self Weight in a 2D Axisymmetric Static Analysis Model

I

Nane | |spedfy...

Dead Loads of Steel Structure

The dead load of the steel inner tank is defined including wall plate, secondary bottom,
bottom plate, annular plate and suspended deck. In a construction situation, the dead
load of suspended deck, ‘gr’ is evaluated as a structural load.

B LUSAS Bridge Plus - Example(2D).mdl - o
File Edit View Geometry Attributes Anases Utiities Tools Bidge Design INGTank Window Help Modules

DEH & = BB x 2-2- & 0o-/-0-8-Bimba[FlTi]lsh®-8 & K-k [B:a@E

Anases v 8 X LUSASView: ExampleGOMmdl Window 1 x |

[Bravers Forou... At unm CErepo.. B 200 0.0 00 100 200 W00 . 400 50.0 600 700 ... .80

&3 Exanpe(20).ndl w
23 Structural analyses

5% Analysis 1
(3 Material 4
L Lselrlisighs.
-1 2:DeadLoads of Steel Structure - FRONT
&3 Loading

Lsteel Structure_q1 (x 1.0)
2iStee! Structure_P (x 1.0)
v 3:Steel Structure_ar (x 1.0)

ET

00

L #:Deadload of steel structures on the roof @ F

¥ 5:Dead load of Insulation
\] essure on outer tank wall due to insulation

&Y 7:wall piping loading

&7 8iliquid bottom (Max)

" 9:Liquid bottom (Min)

-7 10:Gas Pressure(Max)

A7 11:Gas Pressure(Min)

&Y 12:ilive load

- 13:5now load

L7 14:Test load (Liquid bottom)

&7 15:Testload (Preumatic)
" 16:Prestressload !

) Model properties A

Nore | [ Spedfy...

00

00

100

o0

Fig 87 Dead Load for Steel Structure in a 2D Axisymmetric Static Analysis Model

Dead load of liner and steel roof
The total weight of the roof plate and frame are required to design the roof frame.

72



2D Axisymmetric Static Structural Analysis

Analyses ¥ 2 X |/ LUSAS View: Example(2D).mdl Window 1 x

B ravers [Eerou... Hattrif (3 anal.| L utiiit... B repo.. .. 200, 100 ] 700 200 300 00500 510 700800

500

542 Example(20).mdl

/23 Structural analyses
-2 Analyss 1 [
(2 Material mm]m]
" Lisalfieight
i {!‘ St = FRONT
b 3:Dead load of iner and steel roof i
5123 Loading
- 4liner_baset (x 1.0) [
e 5 F 0c 1.0) R
T K BwRe A
&7 s:peadload of Insuiation
L &iPressure on outer tank wall due tainsulation
£ 72wal piping loading o
&7 8:Liquid bottom(Max) 3]
" 9:iquid bottom(Min)
7 10:Gas Pressure(Max)
&7 11:Gas Pressure (Min)
L7 12:0ve load =|
L7 13:5now load |
1 14{Test load (Liguid bottom)
L7 15:Test oad (Pneumatc)
L7 16:Prestressload x
iy Model properties 21 v

None | [specfy.

Fig 88 Dead Load of Liner and Steel Roof in a 2D Axisymmetric Static Analysis Model

Dead load of steel structures on the roof

For the design of the outer tank, the loading due to the steel structure on the roof as
well as the pipework on the roof should be considered as a distributed load on the roof.

Analyses v & X [/ LUSAS View: Example(2D).mdl Window 1 -
Blayers [BlGrou.. &A««ml@maun I&uhmm Erepe.. B 200100 00 100 200 300 300 500 60.0 700 0.0
423 Example(2D).mdl =

/23 Structural analyses
-85 Analysis 1

(2 Materal

47 Liselfweight

& 2:Dead Loads of Steel Structure ks FRONT
2 3:Dead 03d of ner and steel roof
L7 #:Dead load of stedl stuctures on the roof
£1423 Loading

- 7:SteelStructureRoof (x 1.0) =
— TR & .
&7 &Pressure on outer tank wal due to insuiation 2o F
" 7:Wall piping loading
&7 8iLiquid bottom(Max)
L7 ouiquid bottom(Min) =
&7 10iGas Pressure (Max) =]
&7 11:Gas Pressure (Min)
L7 124ive oad
& 13570 load
&7 14Test load (Liquid bottom) =
&7 15iTest load Pneumatic) "
L7 15Prestressioad

3, Model properties
& Y

Fig 89 Dead Load of Steel Structures on the Roof in a 2D Axisymmetric Static Analysis
Model

Dead load of Insulation
All insulation to the base, wall and suspended deck are defined.
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Analyses

Biovers Boros.. & [T | vt Frero

v 8 % | 7 LUSAS View: Example(2D).mdl Window 1 X

200

[T 100 00900

43 structu

o8]
2]
22N
il

/23 Example(20).mdl

©-%2 Analyss 1

00 [

ral analyses

Material
Lseifweight
2:Dead Loads of Steel Structure
3:Dead load of iner and steel roof
teel struchures on the 1oof

500

£ 5:Dead load of Insuation

=43 Loading

a0

- BiInsul_q1 (x 1.0)
- :Insul_a2 (x 1.0)
- 10:n5u_g3 (x 1.0)
= 1kiInsul_a# (¢ 1.0)
e iZosl el ]

e
& 7:wal piing loacing
£ 8iLiquid bottom(Mx)
7 9iiquid bottom(Min)
&7 10:Gas Pressure(Max)
&7 11:GasPr
&7 12ve o
&7 13:5nowload

&7 14:Test load (Liguid bottom)
£ 15:Test load Peumstic)
L7 16Prestressioad

iy Model propertes

00

sure on outer tark wall due to insulation

700

re{Min)

00

00

| [Specify...

.wlmmnmmmmmmﬂﬂﬂwmmm

FRONT

oW R e &

Fig 90 Dead Load of Insulation in a 2D Axisymmetric Static Analysis Model

Pressure on outer tank wall due to insulation
The insulation (e.g. loosed fill perlite) in the gap between the inner tank and outer tank

is assumed to exert a horizontal loading on the outer tank.

Analyses

- o X

B ayers [Blerou.. & Attri.. [(S anal... k2 utilit... (B Repo...

LUSAS View: Example(2D).md| Window 1 xl

T 200,00 ... 080

200, .
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Fig 91 Insulation Pressure Load in a 2D Axisymmetric Static Analysis Model

Wall piping loading

The weight of the contained liquid acts on outer surface of the ringbeam and wall.
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Fig 92 Wall Piping Loading in a 2D Axisymmetric Static Analysis Model

Liquid bottom (Max, Min)
The weight of the contained liquid acts on the base slab.
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Fig 93 Liquid Bottom Loading in a 2D Axisymmetric Static Analysis Model

Nore

Gas pressure (Max, Min)
Gas pressure is assigned to the inner surface of concrete tank.
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Fig 94 Gas Pressure Loading in a 2D Axisymmetric Static Analysis Model

Live load (Imposed Load on the roof)

Live Load (Imposed Load on the roof, ref. EN 14620-1) is assigned to the top surface

of the roof.
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Fig 95 Live Load in a 2D Axisymmetric Static Analysis Model

Snow load
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Snow load acts on the top surface of roof.
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Fig 97 Test Load (Liquid Bottom) in 2D Axisymmetric Static Analysis Model

Test load (Pneumatic)
Test load (Pneumatic) acts on the inner surface of the concrete tank.
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Fig 98 Test Load (Pneumatic) in a 2D Axisymmetric Static Analysis Model

Prestress Load

The effect of prestressing steel shall be converted to an equivalent external load and
used as input in the Wizard.
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Fig 99 Prestress Load in a 2D Axisymmetric Static Analysis Model
Viewing Results

Contours

The Layers panel

in the LUSAS Modeller user interface controls what is displayed
in the View window.
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Select to add Contours and choose Axisymmetric-Solids for Entity, SX for

Component, and the contour plot for SX will be displayed. SX represents the stress in

the global X direction. Positive values are for tensile stress.
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Fig 100 Selection for Contour Display in a 2D Axisymmetric Solid Model
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Fig 101 SX Contour for Self Weight in a 2D Axisymmetric Solid Model
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Values

Values can be dlrectly displayed for the chosen nodes by right-clicking on the Window

entry in the Layers

O treeview and adding the Values layer to the View window.
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Fig 102 Value Display in a 2D Axisymmetric Solid Model
If particular nodes are selected in the view window, the values are displayed for just
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Fig 103 Values Displayed for Selected Nodes in a 3D Shell Model
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Graph through 2D

Define a line from Geometry>Line>By Coords.

Enter Coordinates

X
Grid style
3 columns
X Y V4
1 30 30 0
2 60 30 b 3

Local coordinate

Global coordinates

[]5et as active local coordinate

Cancel

Help

A Q-

Sty

]
TR R s e e ]

Fig 104 Line for Slicing Results in a 2D Axisymmetric Solid Model

From Utilities > Graph Through 2D, select By selected line and SX for result

component.

Graph Through 2D

() By cursor

Snap to grid Grid size 10

| G offset

Generate new annotation line

Straight line 124

Projectline | In Z direction

By selected surface

Extent Visible model ~
At location of existing graph
Cancel Help < 5E@ e =22
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Create new wi

Fig 105 Graph Through 2D in a 2D Axisymmetric Solid Model (1)
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Slice Data X
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Fig 106 Graph Through 2D in a 2D Axisymmetric Solid Model (2)

A graph showing the variation of SX with wall thickness is generated. As the model
units are N,m, the stress unit is N/m?. The X axis in the graph is the distance from the
start point of the selected slicing line.
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Fig 107 SX Graph for Sliced Line in a 2D Axisymmetric Solid Model

If ‘Resultant effects from 2D model’ is selected from the dialog, the forces at the
sliced section are computed and printed in the text window.
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Fig 108 Graph Through 2D in a 2D Axisymmetric Solid Model (3)
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Fig 109 SX Graph for Sliced Line in a 2D Axisymmetric Solid Model

Export Forces to Excel (2D)

Forces calculated can be exported using LNG Tank > Export Forces to Excel (2D).

With the results file loaded and loadcase(s) selected in the list box, the inputs shown
below will create a spreadsheet containing section forces including axial force, shear
force, moment force for Wall & RingBeam.
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LNG Tank - Export Forces to Excel (2D)

x
Output filename [statizD |
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Fig 110 Export Forces for a 2D Axisymmetric Solid Model (1)

Moment of Wall_Ringbeam (Hoop)

[rree. Woment Sign Comuenton
Locanon Wall_Ringbeam (+] iner site Tensan
Direction Hnop

unit KN-mim

Moment of Wall_Ringbeam (Hoop) Moment of Wall_Ringbeam (Hoop)
000

—Max

- § am — etV

10000

-12000

14000
Distancetm)

Distancelm)

mentHoop | Moment RV ®

Fig 111 Section Force Spreadsheet for Self Weight

If all loadcases from the list box are selected, the forces for all loadcases are computed.
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Fig 112 Section Force Spreadsheet for All Loadcases

Sign convention

Axial Force: (+) for Tension, (-) for Compression

Moment: (+) for Inner side tension, (-) for outer side tension
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2D Axisymmetric Staged Construction Analysis

This example is based on the user inputs discussed in the chapter titled Examples —
User Inputs.

Refer to the section titled 2D Axisymmetric Construction Stage Analysis for more
information.

User Inputs

The required user inputs for this model are the same as for 2D Axisymmetric Static
Analysis.

The user dialog is available by selecting the menu item LNG Tank> Staged
Construction Analysis as shown in [Fig 113].

e Enter a model filename, set the element size to 0.2 m, and press OK to build the

model.

Tank definition data Tnk! ~
Model filaname [Example |
Saved model file path |CJWUserSWDhssoWDa:umentsWLUSASIQDWPrDJectsWExamp\|
Elamant iz ()
Options

Fioof ratia far 1st built

Include self waight Include structural loadings

Cancel Help

Fig 113 User Dialog for 2D Axisymmetric Staged Construction Analysis

Meshing / Geometric Properties / Material Properties /
Support Conditions

These are the same as for the 2D Axisymmetric Static Analysis model.

Activation and Deactivation

Activation and deactivation of elements enables the modelling of a staged construction
or demolition process. Activate and deactivate attributes are defined from the
Attributes> Activate and Deactivate menu item and are assigned to features. As
selected features are activated and/or deactivated the elements within those features are
themselves activated and/or deactivated.

In the 1st loadcase, the ‘Deactivate’ attribute is assigned to all features except the
annular part of Base Slab. In the 2nd loadcase, the ‘Activate’ attribute is assigned to
the circular part of the Base Slab.
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LUSAS View: ExampieiStagedCanstnucionZDhmd Wandows | x
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Fig 114 Activate and Deactivate Assignment in the Model

The full scenario is as illustrated at [Fig 5].

Control for Nonlinear Analysis

The geometry of the structure changes at each loadcase, so a Nonlinear Control should
be defined as shown in [Fig 115]. If Nonlinear Control is set for the 1st loadcase, it is
applied to all the other subsequent loadcases unless otherwise defined separately for
them.

‘Manual’ control is set in the model, which means that:

O the subsequent loadcases inherit the stress and strains from the previous
loadcases

Q the subsequent loadcases inherit the support conditions from the previous
loadcases

QO loading is not inherited
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Analyses ¥ 2 X | Monlinear & Transient
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-4 11:Vertical PS(Staged)
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>
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-4 7:Roof Lower Complete(Staged) 100.0E5
41H) 8:Roof Upper Wet Concrete(Staged, temporary)) T e History file
@ 9:Roof Complete(Staged)
-5 10:Ringbeam 2nd PS(Staged) Advanced...

Common to all

Advanced...

Incremental LUSAS file output
Same as previous loadcase

Max number of saved restarts

I

[[]save a restart at the end of this control

Max fime steps o increments [0 |

Cancel Help

Fig 115 Nonlinear Control for a Staged Construction Analysis

Loading
As the ‘Manual’ Nonlinear Control does not inherit the loading defined in the previous
loadcases, all loading that apply to the current loadcase should be assigned separately.

Stage 1 : Annular Part ~ Stage 2 : Circular Part
Self weight is assigned by using ‘Gravity’ loading.
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Fig 116 Loadings for Stage 1~2

Stage 3 : BaseSlab PS ~ Stage 4 : Wall RingBeam

Prestress loading to the BaseSlab is added in Stage 3. If no prestress is defined for the
slab, Stage 3 will be the same as Stage 2.
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Fig 117 Loadings for Stage 3~4

Stage 5 : RingBeam PS ~ Stage 6 : Roof Lower Wet Concrete

Horizontal Prestress for the RingBeam is added in Stage 5, but with load factor of 0.5
which means only 50% of the defined RingBeam prestress is applied at this stage. By
default, this ratio is set to the ‘Roof Ratio for 1** built’ from the dialog input.

Stage 6 is same with Stage 5 as the Wizard does not define the loading for air raising
pressure and the loading for wet concrete. If this loading should be considered, users
can define this loading separately and assign to Stage 6.

U545 Vi Expe oA oo D] sl Wi 1 X

Fig 118 Loadings for Stage 5~6

Stage 7 : Roof lower complete ~ Stage 8 : Roof upper Wet
Concrete

At Stage 7, the lower part of the Roof is added to the structure assuming that it is built
in 2 stages, with 50% initially and the other 50% later. If the Roof is built in one go,
there is no need to modify this model and this stage can be ignored when post-
processing.

Stage 8 is for considering the upper 50% of the Roof as a loading to check the stability
of lower half of the Roof while the upper part is being built. The self weight of the
upper part of Roof is added at Stage 8.
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Fig 119 Loadings for Stage 7~8

The weight of the upper part of the roof is computed by the Wizard from the geometry
as marked in [Fig 120]. The total weight is computed as 48.09E6 N, and the area of top
surface of the Roof Lower Part is computed as 6218.422m?. From this the loading of
7.73334E3 N/m? iis defined. This can be verified by assigning self weight to the upper
part of the Roof and checking the reaction.

=
Fig 120 Load Definition for the Wet Concrete of Upper Part of the Roof

Stage 9 : Roof Complete ~ Stage 10 : RingBeam 2nd PS

At Stage 9, the upper part of the roof is added, and the loading for Wet Concrete is
removed. The remained RingBeam prestress is added at Stage 10. (Load factor is
changed from 0.5 to 1.0)

CUSAS Vem: Examen SagedCormiucion 201 Wedin 1 %
vy LR 1) 1) 1)

Fig 121 Loadings for Stage 9~10
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Stage 11 : Vertical PS ~ Stage 12 : Horizontal PS

The structure is fully built at Stage 10, and the additional loading of the Vertical
Prestress is added to Stage 11, and Horizontal Prestress is added to Stage 12.
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U e Exurpie Sl geat ol B el Wik |
5 [ ER—T]

g

i

B

Fig 122 Loadings fgr Stage 11~fé
Stage 13 : Operating Stage
Stage 13 models the operating (in-service) stage.

All the loadings used in the 2D Axisymmetric Static Analysis Model are all included in
this stage.

Analyses vrx LUSAS View: Example(StagedConstruction2D).mdl Window 1 X
B rayers [BGrou... Atti.. (8 anal.. o Utilit.. ERepo..
{R 13:0perating Stage(Staged) ~
/83 Loading
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- 2:SteelStructure P (x 1.0)
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- 7:SteelStructureRoof (x 1.0)
-~ 8iInsul_q1 (x 1.0}
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- 16:GasPressure(Max) (x -1.0)
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- 18:SnowLead (x 1.0}
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0. ...
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- 20:Pneumatic test (¢ -1.0)
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- 3 Horiznntal Dractrare QT £ 1 0 ira ¥
< >
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Fig 123 Loadings for Stage 13 of the Operating Stage

The prestress loadings are defined with the values obtained from User Input dialog and
only the short-term prestress is applied. If long-term prestress is desired to be used at
this stage, users can either update the load factor used at this stage or create separate
prestress loading and substitute as appropriate.
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Load Combination

Looking at U-C1-1 from the sample design load combination at [Fig 124], it might be
necessary to extract the pure prestress (PS) effect from the staged construction analysis,
due to the different load factors for self weight and the prestress loading respectively.

T2 ] 3 4+ 1 6 T 6 [ 7 [ 89 w0 0 [ 12 [13 ™ B 16 [ 17 [ 18 ] 18]
Permanent
D
SEELED Outer tank Others | Sreep and Prestress Roof frame concrete
Shrinkage
Outer
Outer tank Roof | Roof
tank Outer Rb+ | AIPS|AlPS Roof | 1st Jayer | 2nd layer
no. | Code Details i W?u;fpy ank pu| Ohers |Earty | Late | Rbtst | RoAl | B LSS Fraﬂme F:azm i Y el iy
roof
UC1-1 1.35 1.30

U-C12 | Tank WO roof + RB 1st| 135

1.00

UC1-3 PS 1.00

1.30

1.00

1.00

u-cz-1 135

130

1.50

UC2-2 | Tank WO roof + RB 1st| 135

1.00

150

wf~lo|m|e]w|n|~
=
&
s

UC2z3 | PS+Roofframe 1 | 100

1.30

1.50

U-C2-4 1.00

1.00

1.50

Fig 124 Example of a Design Load Combination

The 1st PS is introduced at Stage 5, hence the pure effect of 1st PS can be obtained by
defining a load combination for ‘Stage 5 — Stage 4°.
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Fig 125 Loadings for Stage 4 and Stage 5

This can be achieved by specifying a load factor of -1 for Stage 4, and 1 for Stage 5 as
illustrated in [Fig 126]. The load combination of ‘Pure 1st PC” will be defined, and can
be used for defining the design load combination U-C1-1 ~ U-C1-2 of the sample

design load combinatio

n table.
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B4 LUSAS Bridge Plus - [LUSAS View: Example(StagedConstruction2D).mdl Window 1]

Fig 126 Definition of Load Combination for Pure PS effect

Adding Extra Stages

If additional stages are required, the ability to Copy and Paste loadcases will be useful,
as illustrated at [Fig 127]. Other attributes such as ‘Activate’ and ‘Loading’ are also
copied.
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<
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Fig 127 Adding Stages in the 2D Axisymmetric Staged Construction Analysis Model
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2D Axisymmetric Thermal Analysis

User Inputs
The required user inputs for this model are as shown in [Fig 128].

Include pile data Include insulation Include seismic data

‘ Structure Definiion Waterial Pmuemes| Boundary Cnndmnnﬁ‘ Loading ‘Ipvesvess Lnad‘ Pile Antangement (ED)‘ Seismic input | ‘ Seismic inuut?‘

Concrete tank{ |nsulations 1
........... -

i |
1" Base slab and fioof | Wall and fing beam §

Base slab (Units: m}

Circular part length (Linner) EX
Circular patt depth (D_inner) 12
Tapered section length (W_t) 06

Annular part length (L outer)

Annular part depth (D_outer)

Base heating (D-heating)

Foof (Units: m)
Radius of inner roof (R _roof_i) 5,408
Radius of outer raof (R _roof_o) 5.906

Height from the top of the base slab to the topmost of
the roof (R_Heighth

Distance of tapered section 1 (sI1) 0.073

Distance of tapered section 2 (sI2)

Set zem Set default

Name [Tkt VB

#ei

Fig 128 User Inputs for 2D Axisymmetric Thermal Analysis

The user dialog is available from LNG Tank>Thermal Analysis Wizard as shown in
[Fig 129].

o Enter a model filename and set the element size to 0.2, the soil height above the
soffit of the thickened slab to 1, and press OK to build the model.

LNG Tank - Thermal Analysis X
Tank definition data Tnkl ~
Model filename |Exarnp|e\ ‘
Sawved model file path |C:WUserSWUhssUWDUcumEHQSWLUSASIHDWPrUJECIS“

Element size (m)

Include soil

Soil height above slab bottom ()
Soll depth {m) 5.0

) =]
r

Cancel Help

Fig 129 User Dialog for 2D Axisymmetric Thermal Analysis
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Meshing

Both structural elements and thermal elements are defined together. The element size
will be a maximum of 0.2m as per user input. The ground is modelled up to a height of
1.0 m above the soffit of the thickened base slab..

gt
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LSBT
CADAL T
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Fig 130 Elements for 2D Axisymmetric Thermal Analysis Model

Geometric Properties
No geometric properties are required for 2D axisymmetric model.

Material Properties
User defined material properties are assigned to the relevant surfaces.

The mechanical and thermal properties for BaseSlab are as shown below.
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Fig 131 Material Properties of BaseSlab for a 2D Axisymmetric Thermal Analysis
Model

Support Conditions

Pile Support is used as per user input, as discussed in [2D Axisymmetric Static
Structural Analysis].

Loadings

Thermal Analysis > Initial Conditions
Initial Soil Temperature is defined and assigned as shown in [Fig 132].

B4 Lusas endge Plus - [LUSAS View: Example_Thermal.mdl window 1 o ®
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Fig 132 Initial Soil Temperature in a 2D Axisymmetric Thermal Analysis Model
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Initial temperature of structure is defined and assigned as shown in [Fig 133].

6 LUSAS Bridge Plus - [LUSAS View: Example_Thenmal. mdl Window 1]
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Fig 133 Initial Structure Temperature in a 2D Axisymmetric Thermal Analysis Model

Thermal Analysis > Operating Conditions

Liquid temperature is defined as an Environmental Temperature, and assigned to the
inner face of the tank.The air temperature is also defined as an Environmental
Temperature, and is assigned to the outer face of the tank.
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Fig 134 Operating Temperatures in a 2D Axisymmetric Thermal Analysis Model

Base heating is assumed from the User Input, which is assumed to be consistent all the
time, hence it is defined as a Prescribed Temperature Loading, and assigned to the line
inside base slab
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Fig 135 Base Heating Temperature in 2D Axisymmetric Thermal Analysis Model

The Base heating temperature is assigned to selected lines as shown in [Fig 136]. The
range of the loading is defined using a LUSAS field variation and can be modified by
editing the values of ‘Base Heating’.

Funcion [ 1.0

(®) Global coordinates

(O Local coordinates assigned to geometry
(transformed freedom assignments)

(O spedified local coordinates

2:LocalCoord

Function imits...
Function Limits
[CIMin. x coordinate Max. x coordinate
Neme [Fasemeatr
[CMin. y coordinate [OMax. y coordinate
[Cmin. z coordinate [OMax. z coordinate
Cancel Help

Close Cancel Apply Help

Fig 136 Base Heating Temperature Variation in 2D Axisymmetric Thermal Analysis
Model

Refer to the section entitled Examples — User Inputs :
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2D Axisymmetric Thermal Analysis for more information.
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3D Shell Static Analysis

This example is based on the user inputs described in the section titled Examples —
User Inputs

Refer to the heading titled 3D Shell Static Structural Analysis for more information.

User Inputs
The required user inputs for this model are as marked in [Fig 137].

Include pile data Include insulation Include seismic data

Structure Definition  Material Properties ‘ Boundary Conditions ‘ Loading ‘ Prestress Load | Pile Arrangement (3D} ‘I Seismic input 1 ‘ Seismic input 2‘

=

I
| Base slab and Hw'lvvau and Fing bearm |

Base slab (Units: m)

Circular part length (L-inner) EX
Circular part depth (D_inner) T2
Tapered section lengih (W_) 06
Annular pait length (L_outer) 6.7

Annular part depth (D_outer) 15

Base heating (D_heating) 0,386

Roof (Units: m)

Radius of inner roof (A_roof_i)
Radius of outer roof (R_roof_o)
Height from the top of the base slab o the topmost of 55,254

the roof (R _Height)

Distance of tapered section 1 (s/1)
Distance of tapered section 2 {sI2)

Set zero Set default

Name [Tnk2 ~] ] ey

Cancel Apply Heln

Fig 137 User Inputs for a 3D Shell Static Analysis

The user dialog is available from the LNG Tank>Static Analysis Wizard menu item

Enter the model file name, and set the element size to 1.5, and the other values
as shown in [Fig 138].

Ensure ‘3D shell’ is chosen for Analysis Type.
Enter 10 for Number of Eigenvalues.

Leave the default values for Wind Load (EN1991) parameters. Soil Height
above slab bottom is for the height from the soffit of the thickened base slab to
the ground surface, so enter 0.9 in this example. The height (z) starting from
ground surface is used for computing wind load and the value could be either
positive (+) or negative (-).

Select 4 for Number of buttresses, input 1.0 (m) for Extruded thickness and
5.0(m) for Buttress width.
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Mesh

The elements and geometric properties are as shown below, with a maximum element
size less than 1.5m as per user input. Quadratic shell elements (QTS8) are used.

Fig 139 Mesh Arrangement and Geometric Properties for a 3D Shell Model

The element local axis can be displayed as shown below. The wizard produces
elements having a local x axis in the horizontal direction for the Wall and Roof. The
element shape in the Slab cannot be regular due to the variable pile arrangement hence
the local axis of the elements for the Slab is not consistent.

LNG Tank - Static Analysis

Tank definition data
Model filenarne
Saved model file path

Element size (m)
Analysis type

O 2 Axisymmetic solid

Wind load (EN1991,1,4,2008)

Basic wind velocity
Roughness length
Minimurn height
Orography factor
Terrain factor
Turbulence factor
Air density

Soil height above slab bottom

Tnk!

‘Examp\a\

5]
Ed
&
z

USAS190W ,;

@ 30 Shell

Buttress.

Murnber of butiress
Extruded thickness

Buttress width

Eigenvalug

MNurnber of eigenvalues

| 21 Half only model

[ Inelude non-structural masses

Cancel Help

Fig 138 User Dialog for a 3D Shell Static Analysis Model
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Fig 140 Element Local Axis in a 3D Shell Model

Geometric Properties

Geometric properties are defined as per user inputs. [Fig 141] illustrates how properties
were defined for varying sections at the edge of the roof. The variation dataset can be

reviewed from the Utilities sj;’ treeview.
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Fig 141 Geometric Properties for Roof in 3D Shell Model

TEST CASE

If either the ‘Extruded Thickness’ or the ‘Buttress Width’ is set to 0 (zero), the mesh is
defined as shown below.
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Fig 142 Mesh Arrangement and Geometric Properties for a 3D Shell Model with no
Buttresses

Material Properties

Structural members

Material properties are defined and assigned as shown in [Fig 143].
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Fig 143 Material Properties in a 3D Shell Model

Z A

Selected: Wall_Regular
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Support Conditions

The spring stiffnesses are converted into N/m unit in LUSAS Modeller.

Include pile data

Include insulation

clude seismic data
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Fig 144 Support Definition in a 3D Shell Model

TEST CASE

By ticking ‘Half only model’, a symmetric half model is built.
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LMNG Tank - Static Analysis

Tank definition data Tnkl ~
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(O 2D Axisymmetric solid (® 3D Shell

Fig 145 Option for Half Model

s o

Fig 146 Half Symmetric Model
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Loadings
Seventeen loadcases are defined in the model.
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Fig 147 Loadcases Available in a 3D Shell Static Analysis Model

Self Weight
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Fig 148 Self Weight in a 3D Shell Static Analysis Model

Dead Loads of Steel Structure

The dead load of the steel inner tank is defined including wall plate, secondary bottom,
bottom plate, annular plate and suspended deck.
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Fig 149 Dead Loads for Steel Structure in a 3D Shell Static Analysis Model

Dead load of liner and steel roof
The total weight of the roof plate and frame need to be specified to design the roof.
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Fig 150 Dead Load of Liner and Steel Roof in a 3D Shell Static Analysis Model

Dead load of steel structures on the roof

For the design of the outer tank, the loadings due to the steel structure on the roof as
well as the pipe work on the roof should be considered as distributed load on the roof.
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Fig 151 Dead Load of Steel Structures on the Roof in a 3D Shell Static Analysis Model

Dead load of Insulation
All insulation to the base, wall and suspended deck are defined.
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Fig 152 Dead Load of Insulation in a 3D Shell Static Analysis Model

Pressure on outer tank wall due to insulation

The insulation (e.g. loose fill perlite) in the region between the inner tank and outer
tank is assumed to exert a horizontal loading on the outer tank.
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Fig 153 Insulation Pressure Load in a 3D Shell Static Analysis Model

Wall Piping Loading

Wall piping loading acts on the outer surface of the ringbeam and wall.
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Fig 154 Wall piping loading in a 3D Shell Static Analysis Model

Liquid bottom (Max/Min)
The Liquid weight acts on the top surface of the base slab.
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Fig 155 Liquid Bottom Loading in a 3D Shell Static Analysis Model

Gas Pressure(Max/Min)
Design gas pressure acts on the inner surface of the concrete tank.
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Fig 156 Gas Pressure Loading in a 3D Shell Static Analysis Model

Live load (Imposed Load on the roof)

Live Load (Imposed Load on the roof, ref. EN 14620-1) is assigned on the top surface

of the roof.
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Fig 158 Snow Load in a 3D Shell Static Analysis Model (Roof)
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Test load (Liquid bottom)
The Test load (Liquid bottom) acts on the top surface of the base slab.
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Fig 159 Test Load (Liquid Bottom) in a 3D Shell Static Analysis Model

Test load (Pneumatic)
Test load (Pneumatic) acts on the inner surfaces of the concrete tank.
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Fig 160 Test Load (Pneumatic) in a 3D Shell Static Analysis Model

Prestress Load

The effect of the prestressing steel tendons needs to be converted to equivalent external
load and used for the input in the Wizard.
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Fig 161 Prestress Load in a 3D Shell Static Analysis Model

Wind Load

Wind loading for the wall and roof is computed based on EN 1991-2. For the wall,
separate loading datasets are defined for approximately each 1.0 m rise in height.
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63:Wind-wall(4.03-5.04) front (x L.0)
64 Wind-wal(4.03-5.04) middie_positive
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Fig 162 Wind Load in a 3D Shell Static Analysis Model
Viewing Results

Contours

The Layers treeview in the LUSAS Modeller user interface controls what is
isplayed in the View window. Add Contours and choose ‘Force/Moment-Thick
Shell’ for Entity, ‘Mx’ for Component, then the contour for Mx is displayed.
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Fig 164 Element Local Axis in a 3D Shell Model

With regard to the moment in the wall, as the element local x-axis is for horizontal
direction in the model, the horizontal directional moment is displayed for the selected

loadcase as shown

below.
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For Help, press F1

Fig 165 Mx Contour for Self Weight in a 3D Shell Model

The element local axes are not consistent in the structure as a whole, so it is
recommended to use a local coordinate system for viewing results. In the Wizard-built
model, a cylindrical local coordinate is already defined, with the name of

‘LocalCoord’, as shown below.
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Fig 167 Contour Display using Local Coordinate in a 3D Shell Model
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If a local coordinate of ‘LocalCoord’ is chosen, the result component of ‘Mt’ can be
displayed, where ‘t” represents tangent direction in the cylindrical local coordinate
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Fig 168 Mt Contour in a 3D Shell Model

In the Wizard-built model, a Results Transformation dataset is also defined and
assigned to roof, wall and base slab respectively, as shown below.
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Selected: Contours : Transformed Mt
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Fig 169 Results Transformation in a 3D Shell Model

This results transformation can be used for viewing results as shown below. Select
‘Assigned results transformation attribute’.
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Fig 170 Contour Display using Results Transformation in a 3D Shell Model
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If the “Assigned results transformation attribute’ option is chosen, results
components of ‘Nx” and ‘Ny’ can be displayed. Any components with “x’ represent the
results of hoop direction (wall/roof) or radial (base slab), and those with ‘y’ represent
results of radial (roof) or vertical (wall) direction or hoop (base slab) direction.
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Fig 171 Nx Contours in a 3D Shell Model
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Fig 172 Ny Contours in a 3D Shell Model

Values

Values can be displayed for chosen nodes by adding the Values layer to the Layers
treeview.
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Bl il - o x
i Fle Edit View Geomety Attriotes Analyses Utilties Tools Bridge Building Design INGTank Window Help
DM @ =2 BREX 2-2- &ic-/-O-8B8-EBnmkta: F-TL- -7 k-
Layers vax LUSAS View: Example(3D).mdl Window 1 x | 2
Layers [Slcrou.. dpattri. Ranal. gEutitit.. Frep [ E . E . = - 200 - [0 - o - [ - 50
{743 Example(30) mdl =
[ Example(30).mdl Window 1 |
Analysis: Analysis 1
i
= Loadcase: 1-SelfWeight =
B Atrbute: Results fle: Exampl \e 3D ~Anslys\s‘1 mys
outes Entity: FurcelMumsm Thick Shel
Deformed mesh Transformation: Local Coords "L-ca\Cn-rd'
Contours : Transformed Mt (Force /Mement - Trick shell ||| | _ Component Mt (Units: N.m/m)
annotation B
Lesh, -151.889E3
| Values i Transformed Mt (Force Moment - Thick Shel) T3.9444E3
prirerre X (94443 o R & F
1.889E3
Value Results Values Display 7 633E3
3. T7TE3
o [ . 6 72263
Component |ME e 489 B35F 3 at node 160
Location | Averaged nodal v |Properties X
Tranfom bomood | e et values Disply

1 Deform
Symbols Maxina
0.0 |
values Minima Failure details,
@ Sigrificant figures

Display on slic

O Decimal places

Show trailing zeros
Cancel A Choose font..

LD

Fontangle
Text Output Pen #| [E=1| choose pen... 0.0 ° g
call view.panToFosition(-13.5455591088000 lable ftems

call view. insertValussLayer()
call view valuss. setResultsTransfornlocal
call view values sethssocOption(’Single”)

Cancel Apply Help

call viev values setShowOptioms(false, tete, T007
call view. valuss.showOnlylfSelected(trus) v ‘
< >

For Help, press F1 Units: NmkgsC X NA  ¥NA  ZW/A  Selected: Values: Transformed Mt (Fc

Fig 173 Value Display in a 3D Shell Model

Selecting nodes in the View window shows values for just those nodes.

LUSAS Bridge Plus - Example(3D).mdl - o x

File Edit View Geometry Aftributes Analyses Utilities Tools Brdge Building Design INGTank Window Help

@@ = REx 2-2- 8 0./ -0-6- mbb:F-F -lomS -0 k-

Layers vax LUSAS View: Example(3D).md| Window 1 x| =
Layers [Z]Grou... & attri... (Banal.. & utiit... [F rep. 0.0 . 600 . 0.0 , 200 . [0 . 200 . 200 . 600
(7423 Example(30).mdl =
-7 Example(30). mdl Window 1 =
& vniues Analysis Analysis 1 e |
sty Loadcase: 1-SelfWeight
B Atrbute: Results fle Exsmu\e 3D ~Ans\ys\s‘1 mys
outes Entity: Force/Moment- Thick Shel
Deformed mesh Transformation: Local Coords " L-as\c--m“ FRONT
5 Contours : Transformed Mt (Force Moment - Thick Shel) Component Mi (Units: N.m/m)
B rnotation o
= &
|5 values :Transformed t (Force oment -k shety
T YD
75.9444E3
5 157 880E]
227833E3
303.777E3
E 379.722E3
= 455 B6BE3
Maximum 489 835E 3 at nodd
Minimum -193.664E3 at nod
< >||[[F
Deformations X 513,475
[ window summary | Detais,
B - = X
Text Output ~ 2 X Selected ltems - ax
"selection now contains: H16042 ~ Cyclable I
call database.options setBoolean(®asscciateDown”, false) Selected ftems | Cyciable ftems
call selection.sdd(’Nade’, "£990%) Ned 16042
call database.options.sstBoolean(’associateDown”, trueh de 6990
"selection now contains: N16042;
call view.panToPosition{—6.810144869253844, 16.25517705114969, 26.405532858%v
< >

Units: Nmkgs,C X NA  VNA  ZNA  Selected: 2 items

For Help, press F1

Fig 174 Values Displayed for Selected Nodes in a 3D Shell Model
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Graph through 2D

Define a line from Geometry>Line>By Coords...

Enter Coordinates

x
Grid style
3 columns
X Y Zz
1 0 43575 06
2 0 43575 4328 ¥

Local coordinate

Global coordinates

[ set as active local coordinate

OK Cancel Help

Fig 175 Line for Slicing Results in a 3D Shell Model

z

-,

From Utilities > Graph Through 2D, select By selected line and Mt for result

component.

Graph Through 2D
OBy cursor

Snap to grid Grid size Lo

| Grid offset ‘

Generate new annotation line
(® By selected line
Straight line 1443

Project line

By selected surface

Atlocation of existing graph

oK Cancel Help

Normal to screen ~

x Loadcases and Extent

Loadcases

@ 1:Selfweight
O Active

QAl

O specified

Extent Visible model 2

Fig 176 Graph Through 2D in a 3D Shell Model (1)
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Slice Data x Display Graph

2D model

ol el &
af s &

‘Width for corridor averaging

< HE(®) TSN > FHa

=@
Fig 177 Graph Through 2D in a 3D Shell Model (2)

Display X scale
@ Results component Title |Graph for Mt @Automatic (O Manual
Enti Fi t v 0.0 e
ntity orce Momen « [Wall heignt min 0.0 max 10
Component | Mt v
Mt
Transform [Set... || LocalCoard Y [ use logarithmic scale
10
Show grid show symbols. el
¥ scale
Corner labels [~] Auto-update
(® Automatic O Manual
Include existing graphs 00 10
Calculate distance as angle 9 grap! min 0.0 max| 1.0

[ Use logarithmic scale

Mame | Graph for Mt for Self Weight Save in treeview Display now

Scale factor

Az cgg

A graph showing the variation of Mx with wall height is generated. As the units of the

model are N,m, the unit for moment force is N-m.

LUSAS View: Bxampie(3D}.mal Window 1

SR EmE

Graph for Mt x|

M- [~ [LUSAS 19.00c2 May 26, 2020
Straight line | | g
ey | 1:SelfWeight
00 TR 03E3 LUSAS3
(2] o wesies
(3] 2dbbsr B3 1763ES
[+ | 37 12.1135E3 Graph for Mt
E59550 GaG5ED
[ etestr | i13a7Ed 20000
74 3 SESIES
74 456317 10000 -
ENIE PN =) o .
(0] 10224 TA43%ES 0 T o P
1636 561 T e g ol g oo \.
130428 0474%ES -10000
4458 3005763
[72] 58673 35751563 20000
5] 172784 SU649E3
6] 1868% 271563 20000 by Y
[17] 20,1008 75679E3
512 O0BEES.
8] 2903 01796E3 Pl
[20] 343324 TATIHES
[21] 745 | 5.13763E3 -50000
E 1568 0877763
(23] 85633 8kAT9ES -60000
E 7955
E 39047945663 70000
8016 1134763
2128 £360263 P
[28] 5624 ASBIES 80000
0350 7604953
[30] daen 80214E9 20000
[37] 39876 69765ET
(32| E 26EE B 2EET -100000
4268 59847ES
S A s s v e B s N E S L B0 ARSI NESS SN B SREEo oD s o
ffffffffff RNANRILENRRRAUBIBBLBRI YIS ILEY
Wall height
—#— Wt - 1:SelWeight(2) / Straight line 1449(1)
v
CA W 4 v Documents\Lusas190\Projects\3D) D). mdl

Fig 178 Mt Graph for Sliced Line in a 3D Shell Model

Export Forces to Excel (3D)

Units: N.m kg.s.C

The forces calculated for the sliced section can be exported to a spreadsheet by

selecting the menu item LNG Tank > Export Forces to Excel (3D).

O Output file name is for the name of the result spreadsheet.

U Target is for selecting members from which the results will be exported.
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Examples — User Inputs

U Angles defines where slices should be taken in the model. Multiple angles can
be defined by using a semi-colon ( ;) as a separator. (e.g. 10;20;30)

O Interval defines the distance between each value.

With SelfWeight selected from the list box for Loadcases, the inputs shown below will
create a spreadsheet containing section forces including axial force, shear force and
moment force for Wall & RingBeam at a slicing angle of 20 degrees.

LMNG Tank - Export Forces to Excel (30) x
Qutput filename ‘Examule |
Warking folder (O Current (® User Defined
Save in ‘C:WUSEI’SWDhSSDWDEI[IIJITIEI‘\TSWLLISES1HDWPFDJ'EEISWE)<EI‘I‘\D\E|
Target Range
() Base slab @ Wall + Ringbeam O Roof Angles : Interval : i
degree (eq, 10; 20; 30}

Loadcases

Wﬂ\
Dea

nads of steel Structure
Dead load of liner and steel roof

d:Dead load of steel structures on the roof
5:Dead load of Insulation

B:Pressure on outer tank wall due to insulation
Tall piEing loading
8
a
1
1
1
1
1

Slicing Line

:Liquid botforn{Max)
:Liguid bottorn{Min} Angle (Positive Direction)
1Gas Pressure(ax)
‘aas Pressura(Min)
’|§W9 oad X axis (0 Degree)
5

now load
est load (Liguid bottorn) ¥

Cancel Help

Fig 179 Export Forces for 3D Shell Model (1)

Moment of Wall_Ringbeam (Hoop)

1

5 [ Voment sion€

4 [Eoeston Wiall Regbean ) Inne sida Temsion
A Hoop.

5 | [t mm

7

a8

a N (-

Moment of Wall_Ringbeam (Hoop)

1000 1300 2000 2500 3000 3500 4afo asfo sepo

000
18 0
19 100
20 350 E——
21 a0 — 20 ideg: Selweght
22 450 —n
23 500
24 850
P 800
26 050
27 700
26 750
29 800
30 850
30 900 Distance(m)
32 950
33 100
a4 1050
® 1100
36 1150
37 1200
30 1250
59 1300
40 1350
a1 1400
42 1450 ua3
43 1500 5 5 5
I s T £ — T I

Fig 180 Section Force Spreadsheet for Self Weight
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3D Shell Static Analysis

If Angles is defined as 0;45, and all loadcases are selected from the list box for
Loadcases, then the forces of all loadcases for the two different angles are exported and
saved in the spreadsheet.

LMNG Tank - Export Forces to Excel (3D) x
Output filename |Examp\e ‘
Working folder @ Current (O User Defined
Save in |CIWUSErSWDhSSDWDDEUmEHlSWLUSES1HDWPI’EIJEE15WEKEITI|J|I‘
Target Range

O Base slab ® Wall + Ringbeam O Roof Angles i Interval m
degree (eqg, 10; 20; 30)

Loadcases

Slicing Line
Angle (Positive Direction)

X axis (0 Degree)

d (Liguid bottorn}

Cancel Help

Fig 181 Export Forces for a 3D Shell Model (2)

Moment of Wall_Ringbeam {Hoop)

[ryee Woment Sign Comventon

Location Vial_Ringoeam (41:neer 5108 Tansion

Duecion Houp s

unit ki

CosdCane Wax Wi - W ;

m-ﬁ(’:‘ i ;g?f Moment of Wall_Ringbeam (Hoop) Moment of Wall_Ringbeam (Hoop)

in {et-mim 3
100000 0 aowmoo g

[T ] ] —odeg: seitweight
0o0]  aorz4| -tai7s| e T~ N
a0 wa|  seris oca | R 2 JE -
10| trras| -aeosz ofo S0 1000 1500 2000 00 WD SO0 4ED0 4500 S0TO 0 000 2000 3080 s0bA_ 5000 anare
150  rsoo| -tsesar
2o0|  teaae| 24028 oo | o —— 0 deg: Dead koad of ner ands
250 19288 239337 roof
gg: g‘: ‘g ig?’::';’ 1 4 E =G deg: Desd load of steel

aar| H | —n |7 - 1 structures an the roct

aon|  orose| aere| § 0000 § womee
450 20918| 327408 F —Min z =0 deg. Dead load of Insultion
so| | 3wsea
Ss0| sl assadg) 00000 | —— ey Pressure on auter tank |
son|  aae| aesem jrivpifiesie
6s0|  e738| 3m0am)
Ton|  as1| aima|  40wg0 | om0 | —0eg: Wl piing loading
Ts0|  asa7a| 3veast
L) ST T — e Liuid bottamibhas!
s| asaps| 3357 soooo 00000 .
aon|  s1338| somaes Distance{m] Datencelm)
om|  ssaz|  riesd & 5
00| ssaes|  arsaaz 118 04 nos (7] 210 am o8 a3 FE 554 554 005 008 43 w21 wiz
wom|  smau| 4 oot 004 o i) 210 oM o8 a5 s 578 578 004 004 45 02 e
1on|  seams|  4tezsa 084 004 no3 no3 210 a3 on3 453 45 am a1 003 003 453 020 2737
nE0|  somns|  arsame 032 004 oot nos 210 anz onz 446 448 38 350 o0z 00z 43 018 w0
1200 omso|  4tzz60) 010 00 () ) 209 an om0 417 417 218 218 001 001 417 012 41
20| 6767|4063t 088 003 o0z 012 105 a1 01 380 380 78 175 001 201 380 007 331
00| tzem3| 4037 101 003 004 015 108 an an 342 342 o2 o2 002 002 342 003 am
1as0|  ga27s|  3seand 148 003 008 018 07 000 ass 204 294 022 022 003 003 294 001 890
00| osmaz| 3e2me 195 003 07 122 100 000 am 245 245 118 115 005 005 245 005 a2
1s|  saams| seres 242 002 009 225 100 001 ase T 167 208 208 006 208 197 008 1858
son|  seree| zeraar 284 002 011 128 205 ) ass 148 143 283 283 008 008 148 012 2180
el sl _asam 228 n 2 ' an 11 101 am an an ana 101 n1s 2upa
Aiisorce_Hoop | AdialForce_RY | ShearForce_Hoop | SMeAtFOrce_Rv | Moment-oco | Momant-RY ® 0

Fig 182 Section Force Spreadsheet for All Loadcases

A cylindrical local coordinate system is used to obtain forces in the BaseSlab and Wall,
and a Spherical local coordinate system is used to obtain forces in the Roof.

Sign convention
Axial Force: (+) for Tension, (-) for Compression
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Moment: (+) for Inner side tension, (-) for outer side tension

128



3D Shell Eigenvalue Analysis

3D Shell Eigenvalue Analysis

An Eigenvalue Analysis is created as a part of a creating a 3D Shell Static Analysis
Model.

‘ﬁa, SAS Br

ge Pl S View: Examp - o x
D@ @ls BRx 90 &io- /- -0-8: b GBI Lo b d-d h
Analyses v X LUSAS View: Example(3D).mdl Window 1 | v
B oyers [Blorou... &attri. | (B anal.. | utit.. [ repo B 0.0 M0 70 ED 0 7000 0 a0 7600
5423 Example(30) md
423 Structural analyses
= Analysis 1 =
(3 Geometric
(2 Materal
) uselfweight
() 2:Dead Loads of Steel Structure.
(5) 3:Dead load of liner and steel roof
(5) 4:Dead load of steel structures on the roof
(%) 5:Dead load of Insulation
{5 &:Pressure on auter tank wall due to insuiation x
(5 7:wal piping loading
(=) 8iliquid bottom(Max) Soluon  Frequency [ Value |
() 5iLiquid bottom(Min) Humbe o coervaes } o
0 be appi
10:Gas Pressure(uz) [inciude modal damping Set damping.
(1) 11:Gas Pressure(Min)
(5 12tve load Eigenvakues requed [Miimum °
(5 13:8now load
(5 14:Test load (Liquid bottom) Range specified as
() 15:Test load (Pneumatic) Frequency Eigenvalue
(&) 16:PrestressLoad
917‘\‘V\ndl.wad Eigenvector normaisation Type of eigensolver | Defait v
=T Ournity  @mass O stiffness
Sturm sequence check for missing eigenvalues
[convert assigned oating to mass Advanced
ok Cancel Help
None | [spey..
Text Qutput ~ & X Cydable items vax
Hoxinun distance Point 1472 to Line 1722 - 35.633% A| Selected ftems | cyciable it
Mininun distance Point 1478 to Line 1722 = yelanle tems
Masinun distance Point 1478 to Line 1722 = 31.0522
*Tank Wizarde Neshing
*Tank Wizarde Nodel conpletsd
Model successfully saved as C:\Users\ohsso\DocunentsLusas190nProjects\Exzanple v
< >
For Help, press F1 SHAPES UnitsPimkgsC  XNA  ENA  ZNA  Seleded None

Fig 183 Eigenvalue Analysis in a 3D Shell Model

If the option to ‘Include non-structural masses’ is checked, the equivalent mass is

computed to include the non-structural masses, and the mass computation summary is
provided in the working folder with the filename of <model
name>_EigenvalueAnalysis.xIsx.
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LNG Tank - Static Analysis

Tank definition data
Model filenarne
Saved model file path

Element size {m)
Analysis type

(O 20 Axisymmetric solid

Wind load (EN1931,1,4, 2005)

Basic wind velocity
Roughness length
Minimurm height
Orography factor
Terrain factor
Turbulence factor
Air density

Soll height above slab bottom

X
Tnk! w
[Exarnplel | 3 Half only model
|C:WLIsersthsanDncumentsWLuSASIQDWijectsWExamp\l
(@ 3D Shell
Buttress
=) Murnber of buttress 4 ~
30E-3
tm Exruded thickness )
™
Buess i ®
0,156
Eigenwalue
= v Nt snabes
() Include non-structural masses

Cancel Help

Fig 184 Dialog for a 3D Shell Eigenvalue Analysis

Summary of Mass Calculation

DIMENSION

Component

Inner Tank Radius

Dimension(m)

Tank Height

40.06

LNG Height

38.92

SUMMARY FOR MASS

Equivalent unit

-~ Volume Structural mass Total mass
Component mass
kg kg kg/m*
Roof 3,950 2,500 9,875,937 11,985,937 3,034
Ringbeam(upper) 524 2,500 1,310,993 1,310,993 2,500
Ringbeam(lower) 463 2,500 1,156,758 1,156,758 2,500
Wall & Buttress 9,976 2,500 24,940,428 25,764,428 2,583
BaseSlab 8,719 2,500 21,797,085 24,925,085 2,859
LMG 216,714 430 104,022,703 104,022,703 430
Inner Tank 316 7,850 2,479,105 2,799,105 3,363

Fig 185 Mass Summary for an Eigenvalue Analysis

The computed equivalent unit mass (the density) for each component are defined
separately and used for eigenvalue analysis.
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<

B LusAS Bridge Plus - [LUSAS View: Example(3D).m — o
Flle Edt View Geometry Attributes Analses Utilties Tools Bridge Bulding Design INGTank Window Help Modules
iDSA @ = BAX 2-C- & 0-/-0-8- (BT L- ¢ ®- kK- Rpahirg i B
Analyses v ax LUSAS View: Example(3D).mdl Window 1 x| v
Bieyers [Horon.. o Banal,. o Utit.. Freps Toronc o
-3 Example(30) md " .
3 structural analyses
= Analysis 1 [ Elastic [ Thermal =
{22 Geometric o [OPlastic [Ccreep [Ipamage [shrinkage [Oviseous [J7wo phase  [JKo Initialisation
(0 material ©|  Elstic Thermal
{5 1:Selfeight
(&) 2:Dead Loads of Steel Structure
(%) 2:Dead load of liner and steel roof
8 4:Dead load of steel structures on the roof [Joynamic properties Value
5Dead load of Insuiation o - 35059
M hermal :
(%) :Pressure on outer tank wall due to insulation Ei ermalexpansion Foissons ratio 25
(5 7:Wal piping loading Wass density 2.85876E3 1 v
() 8iLiquid bottom(Max) Cocfficient of themal expansion 53
(%) arLinuid bottom(Min)
10:Gas Pressure(Max)
(5 11:Gas Pressure(Min) g
(B 12:Live load E;
(5 13:5now load
(E) 14:Test load (Liquid bottom)
(E) 15:Test load (Preumatic)
(5 16:Prestressload
o izwiodion
= Bgervalie =
3 Material
>
. 8:Baseslab(Eigen) P
:wal(Egen)
10:RingBeam(Eigen))
-+ 11:Ro0f(Eigen)
() 18:Egenvaie MllE
None | [specify...
Text Output Name |BasesiabiEigen) ~| e AR
Hazinun distance Point 1215 to Line 1304 - 35,63
Mininun distance Point 1221 to Line
Maxinun distance Point 1221 to Line 1304 = 31.05
*Tank Uizarde Heshing
*Tank Vizards Hodel conpleted Close Cancel Aoy relp
Model successfully saved as C:\UsershohssowDocu T
>

For Help, press F1

Fig 186 Mass for Eigenvalue Analysis

Viewing Results

Mode Shapes

SHAPES Units: N.m kg

The Layers treeview in the LUSAS Modeller user interface controls what is
displayed in the View window. Mode shapes can be observed by adding the Deformed

mesh layer to the Layers [C} TreeView.
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Layers v ax ] 80.0 60.0 40.0 200 1 0 200 4
O Layers @ Attrib.. @ Analy @ ReportsE Groups ¢ Utilties |3
=3 Example(3D).mdl
=lm Wiod
{3 Utilities 8 Copy
& Mesh Paste
& ceonety X Delete
{3 Deformed mesh ‘% Geometry...
S View propertics I Mesh...
¥ Attributes...
Labels...
Annotation
¥ Utiities... ]
Contours... '
Vectors...
. Deformed mesh...
Diagrams...
Values...
&' Properties...
Deformations... x 177.157E3

|_|Window summary  Detalls o

[/ View axes Detail...

Fig 187 Mode Shape from an Eigenvalue Analysis

Natural Frequencies

By selecting the menu item Utilities>Print Results Wizard... the Natural Frequencies
and Participation Factors will be listed.

Print Results Wizard

Results type
() Components (@) Eigenvalues
Results
Lrs Model urits v

Loadeases | 13:Figenvalue e

Eigenvalues (Frequency)
Participation factors

Mass participation factors
Sum mass participation factors

Predision
(@ significant figures E =
O Decmal places x
Display now [Ishow traiing zeros

ave in treeview I=ils [hreshold value  1i/4
Loadcases
Avalable Induded

- Eigenvalue ~ =l o

Name v | [ tewy

el | Ay | [
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LUSAS View: Example(3D).mdl Window 1 Sum mass participation factors  x ]
HELEB=0 O
Mode & Sum Mass X Sum Mass Y Sum Mass Z Sum Mass THX Sum Mass THY Sum Mass THZ Freguency Period
1 1 0.915501 96 814TE-18 0.165431E-12 2 34559E-15 4 19417E-3 0.039255 230809 0433258
2 2z 0919452 4.13314E-15 1.T2545E-12 42 N454E-15 '5.35235E-3 0.039372 459995 0217393
3 3 0919452 0.385728E-3 1.76484E-12 45 1659E-9 5.35235E-3 0.039372 481417 0216724
4 4 0.993637 0.385728E-3 1.53175E-9 45.2205E-9 0.062865 0.0398599 4.84321 0.206474
5 5 0.993637 B.74012E-3 0.458632 0.0172653 0.062865 0.0383599 4.80317 020385
6 6 0.594547 B.74012E-3 0.458632 0.0172653 0.0842204 0.0400356 5.06408 0.197469
7 7 0594547 0.0155891 0.540807 0.0203377 0.0842204 0.0400356 5.2048 0.182138
8 8 0.594547 0.0158892 0.545147 0.0205245 0.0842204 0.0400356 5.77654 0173114
8 i 0594556 0.0153892 0.545147 0.0205245 0.084351 0.0440871 6.23003 0.160513
10 10 0.996628 0.0158892 0.545147 0.0205245 0.0662597 0.0441852 6.77019 0147708

Fig 188 Natural Frequencies from an Eigenvalue Analysis
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2D Beam-Stick FSSI Seismic Analysis for Horizontal

Actions

This example is based on the user inputs discussed in the section titled Examples —

User Inputs : 2D Beam-Stick FSSI Seismic Analysis for Horizontal Actions

User Inputs

The required user inputs for this model are shown below. In addition to Structural
Definition and Material Properties, Seismic Input should be defined.

Insulation Data

The thicknesses of the wall insulation and of the base insulation are used to create the

‘Connection Part’ — a beam element which connects the concrete tank and the inner

tank.

Inner Tank Properties

Thickness variation, material properties, unit mass and inner side radius of inner tank
must be defined.

Tank Definition

Include pile data

Include insulation

[ Include seismic data

Structure Definition | Material Properties ‘ Boundary Conditions ‘ Loading ‘ Prestress Load | Pile Arrangement (30} ‘ Seismic input | Seismic input 2

Inner Tank Properties  Mon-Structural Masses

Liguid mass.
Liquid unt mass W00 (ka/m™3) Inner tank inside radius A () kness 6 Lt
o Height s
Inner tank geometric properiies Height
1 2 3 4 5 b 7 8
0.0361 0.0361 0.012 001 00 o0 0.0 o0 Thickness 3 Height
Height(m) 308 210 3.86 612 00 a0 0.0 a0
Hoight 2
Height 1
<
Inner tank material properies.
Coefficient of ~ Thermal
Elastic Modulus  Poissons ratin Mass Density 7251 hermal iy Hest Capacity pocciog
e D n g escription
(€ N2y & (kajm expansion/C) (/m.s.C) M 78
Inner Tank 200,089 0z THEES 10.0E-6 2.0 19656 Inner Tank
Set zero Set defaults
Name |Trk2 M
Cancel Apply Help

Fig 189 User Inputs 1 for Seismic Analysis

Non-Structural Masses
Loadings other than self weight can be considered as additional masses in the seismic

analysis.
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2D Beam-Stick FSSI Seismic Analysis for Horizontal Actions

Tank Definition

] Include pile data | Include insulation | [ Include seismic data :
i

Structure Definition | Material Properties | Boundary Conditions | Loading | Prestress Load | Pile Arrangernent (3D)| Seismic input 1

Roof  Ring Beam Wall  Base Slab  Inner Steel Tank

Descriptions Massikg)
Foof Liner + steel A 1.4E6
Suspended deck & insulation of the suspended celling 136.0E3
Foof nozzles 42, 0E3
Roof platform 400,0E3
Foof pump & crane 30.0E3
Roof piping and support 103,0E3
Others 0.0

Total 2 11E6

Fig 190 User Inputs 2 for Seismic Analysis

Pile Properties

The piles are modelled using a series of beam elements, and the geometric and material
properties of the pile group as a whole needs to be defined.
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Tank Definition
[ Include pile data Include insulation Include seismic data
n ‘ Material Properties | Boundary Conditions | Loading ‘ Prestress Load | Pile Arrangement (3D} | Seigmic input 1 || Sel put 2
_:Sui\ Properties
Geometric properties
P ~ Iloment of i Vertical Fotational Stifiness
Area (m*2) Shear Arealm™2) inertia(m*dy Pile Length{rny Stifiness(MhAm) (M, m/rad)
617,229 540,137 297, 084E3 558 225 9233 225 92333
Material properties
Elastic i Mass Coefficient  Thermal "
Modulus f;“t"'gieg's Density ofthermal  Conductivity maar‘g%ag?mty Description
(E. N/m"2) (kg/m™3) expangion(/ {J/m, e C) .
Pl [l 03 2563 00E-6 (20 00 Pile
Set zero Set defaults
Name ‘Tnkt v‘ =] (rew)
0K Cancel Apply Help

Fig 191 User Inputs 3 for Seismic Analysis

Soil Properties

The soil properties for horizontal stiffness are used as the boundary condition for pile.
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Include pile data Include insulation Include seismic data

Siructure Defiion | Mateial Fropories | Boundary Condtions | Loacing| Preswess Load| il rangement ) Seismi:inuuﬂlSe\smmmuutz I

T -
Pile Properiesy Soil Properties |

h?e' Bottam EL(m) [;“;E“,?;ﬁs o Lh(MN/m/m)  DescriptiontSoil Profile) o

File He... (i 00 00 Pile Head Layer 1
1 20 20 14,963 Backil

2 40 20 25, 769E3 Backil Layer 2
3 50 20 22,33 Backil

4 -8.0 2.0 2154963 Backfil Layer 3
5 -10.0 20 23 62263 Backil

3 -12.0 20 323733 sitty Sand1 Layer 4
7 -140 20 27,0033 Silty Sand1 R
8 -16.0 2.0 24.337E3 Silty Sand! Layer 5
9 -13.0 20 32,4663 Sty Sand2 B
10 200 20 27,2693 Silty Sand2 Layer 6
1 220 20 32,5093 Silty Sand?

12 240 20 27,73 Sty Sand2

13 2.0 20 30.789E3 Sty Sand2

1 2.0 20 3582263 Silty Sand3

15 E 20 36,3293 3Siy Sand3 aad

16 20 20 35.3%E3 Silty Sand3 Femave
17 -340 20 5. 847E3 Silty Sand3 T
18 0 20 36, 34853 Sity Sand3 £ detaule
13 -3 20 35,3563 Silty Sand3 . Setzer

Neme [Tkt VBae

Close Help

Fig 192 User Inputs 4 for Seismic Analysis

Seismic Analysis Wizard
The user dialog is available from LNG Tank>Seismic Analysis Wizard as shown in
[Fig 193].

o Enter the model file name and select Design Code to EN1998-4, model type of
Beam-Stick Horizontal.

e Set the number of buttress to 0 (zero).

e The required damping ratio for the design code can be defined for each of
members.

e The 1 and 2" mode frequency of the tank can be obtained from a separate
eigenvalue analysis. This is used together with the damping ratio for computing
damping coefficients for material properties of each member.
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LMG Tank - Seismic Analysis
Tank definition data Tnk! v
Model filename |E><amp|e| |

Saved model file path |C:WLIsersWohsSoWDocumentsWLUSAS1BDWPr0jects‘|
Analysis type

Design code EM 15933-4 v
Bearn-stick harizontal @  Beam-stick horizontal () Beam-stick vertical
(Excluding base pressure) tncluding base pressure)

(Bearn-5tick Horizontal model and Vertical model is created according to
EM1993-4:2006 A3.2.2 Simplified procedure for fixed base cylindrical tanks)

Critical damping / frequency

Critical damping (%) Frequency (1st mode, Hz) Frequency (2nd mode, Hz)

Base sal
EL

Inner tank

Fil

LMG impulsive

LMG convective

Ground

Buttress
MNurnber of buttress 4 ~
Extruded thickness (mj  Butress widh (m

Cancel Help

Fig 193 User Dialog for Seismic Analysis Wizard

Mesh

For modelling details see the section titled 2D Beam-Stick FSSI Seismic Analysis.

The properties used for the beam-stick model are summarized in the spreadsheet
Example_Seismic_Report(HorizontalIBP).xlIsx located in the current working folder.

The locations of convective and impulsive masses are defined as shown below. A
computation summary is presented in the saved spreadsheet. The height of convective
mass is at 32.77m above the inner tank bottom (Y coordinate = 0.6915), and the
impulsive mass is at 30.88m. (Hence the Y coordinate in the model is 33.4583 and
31.575 respectively)
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i

0@

e[ 334e3)00)
o EL

Grrp:2JontGeometnic
Mat11:Convectivel NGMass
Sup:3X Free for Liquid
Thete ate 4 Rems &t this posiion
Press Tabto th them

sh’ r
Gmg: 2-JoirtGeometnic
Mat10ImpultiveL NGMass
Sup:3X Fres for Liqud
There ate 4 xems at this positon
|Press Tab to cycle thiough them

———

z o

— b5 = =g
‘—N~<—tro—{‘
1y 41y 4 g I

g—» X X
T Pont 14
2 1.1]06315.0
; There a[e 1 postion
E 4 Press Tab o cpcle through them

CALCULATED PROPERTIES FOR HORIZONTAL MODEL
1) LNG Mass & Height
IBP (Including Base Pressure)

, Lever arm
Myeq/m mass

Component height
me(mi), Kg hethi), m
LNG Convective 0924 0.49 0.24 50,527,854 3297
LNG Impulsive 0.924 0.51 0.79 53,494,849 30.88

EBP (Exluding Base Pressure)

, Lever arm
Mg/ Mass

Component height
me(mi), Kg hethi), m
LNG Convective 0.924 0.49 0.60 50,527,854 23.53
LMG Impulsive 0.924 0.51 0.41 53,494,549 16.13
| Summary | Verifications-ACI350.3 | Verifications-EM1998-4 | @

Fig 194 Location of liquid masses in a Beam-Stick Model
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Tip
A reference path was used to define the varying sections. These can be hidden as
illustrated below.

Utilities * o x
Layers Gr-:uups &L.ttrib.‘. @Analy . futihti... Rep-:u...

[=-4=3 Example_EN1398_HorizontalBeamstick(3
2423 Utilities (4)
Ea Response Spectra (1)
|l L:ASCE A-CLASS
423 Tank Definition (1)
| e 1Tk
=423 Reference Path(2)

g 201700 Rename
Delete

Edit...
Create Geometry

.

Select

Deselect

| v \isualise
VRS a2t POTS |

Fig 195 Hide reference path in Beam-Stick Model
Geometric Properties

Roof
The elements defined for the roof represent the region of the tank as shown below.

Fig 196 Roof in Beam-Stick Model
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Varying Section properties are defined as shown below.

B Multiple Varying Section x
File Edit View Geometry Aftributes Analyses Utiliies Tools Bridge Design LNGTank Wi
D@ & = B@Ax 92-- &0~ ~0-8- i b & Analysis category 2D Inplane

‘Attibutes v 3 X | LUSAS View: Example EN1998_Horiz e O Scaled to fit each line individually

[Diayers [BlGrou... dpattri.. DAnal.. Foutilit... [F Rep. B A [ 700 (® Along reference path |Roof v
[ symmetric section

Distance

(=423 Example_EN1998_HorizontalBeamStick{IBP).md! -~

43 Attrbutes (59)
4 Mesh (5)
3 Point (2)

o8, 3Impuisiverart

& #:Convectvepart
A line 3)

& vEeam

& 2:Beam_EndlointRoof)

&% 5:5ail
23 Geometric (10) i 3 -
e @ ignmen =
LConnectionPart 1 Vertical | Centre to centre v Align all sections to section I:l =
3:Pile
4:BaseSlab (€55 D=93) Centre to cenfre Interpolation of properties |Use Section Calculator  ~
5:Wall (CHS D=87.9 t=0.75)
&:WallTapered (CHS D=88.6 t=1.1/CHS D+
7:Ringbeamlower (CHS 5t=1.05) \
8:RingbeamUipper (CHS D=38.5 t=1.05/ Cr
9:Roof (Varying - 19 sections)
10:InnerTank (Varying - 8 sections)
453 J0int (1) o
& 2 JointGeometric E e
423 Material (40)
/3 1sotropic (8)
L:BaseSlab
2:wall
3:RingbeamLoner
4Roof

e ‘ O0000000000000C00Es:
7RingbeamUpper Tom w4 s e om o omom ee e

&:Pile 1

< T >

A Edit.

0.0

Shape Interpolation Distance

ot 00 Insert
4 inear 0507534

6 inear 1.01507 Delete
52 inear 1.5226

nesr 20008 Fip
near 253767

inear 3.0452 v

Sinionoool

00

200

200

Text Qutput <

=et attr = nothing
"selection now contains: ;L6 Hame ‘Rnnf \,‘ 2@

Fig 197 Geometric Properties for the Roof in a Beam-Stick Model

RingBeam Upper
The elements for RingBeam Upper represent the region of the tank as shown below.

RingBeam Upper

Fig 198 RingBeam Upper in Beam-Stick Model
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Varying Section properties are defined as shown below.

& 3:ImpulsivePart

& 4:ConvectivePart Geometric Line
S Line (2)
& 5s0il Analysis category 2D Inplane
= f:f‘r::t(r:;] (10) Definition Properties for end 1 of line Properties for end 2 of line
& 1:ConnectionPart (®) From Library User Sections | User Sedions v
& 3:Pile Rotation about centroid @ © Local = M= =
(i 4:BaseSlab (CSS D=03 majer z) o = .
& 5:Wall (CHS D=87.9 1=0.75 major 2) o) CHS D=88.5t=1.05 +| |cHs D=88.5t=4.13861079720552 -
¢ 6:WallTapered (CHS D=88.6 t=1.1/ CHS D=87.9 t=0| —
+& 7:Ringbeam| ower (CHS D=88,5 t=1,05 major L ERS

ae 8: R nqh?ar\rUuDer \CHS D=88.5 t=1.05/ CHS D=88. 2D Thick Beam (Any beam)
B varyin SeCtions)
& w lnne\ Iank(vawmg 5 sactions)
S Joint (1) Rl ‘
& 2:JaintGeometric
(

(®) Align end 2 to end 1

4 Material (40) () Mign end 1 to end 2 L
<aTsotropic (8)
& 1:BaseSlab Vertical Centre to centre
& 2:Wall re to centre )
& 3RingbeamLower Centre to centre 0.0
& 4:Roof
& 5:ConnectionPart Enhanced \_

& 6:InnerTank

& 7:RingbsamUpper [ Value Value

& 8:Pile Cross sectonal area (A) 283460 109685E3

2 Joinkc 1) of area aboul z s (12z) 275796E3 876.116E3
E > | [Effeciwe shear area iny drection (Asy) | 144234 550625
ext Output | | Ecoentrcity iny direction (ay) 00 00

Fig 199 Geometric Properties for RingBeam Upper in a Beam-Stick Model

RingBeam Lower
The elements for RingBeam Lower represent the region shown below.

Fig 200 RingBeam Lower in a Beam-Stick Model

Section properties are defined as shown below, with an outer diameter of (43.2 + 1.05)
* 2 =88.5m, and a thickness of 1.05m.
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SLine (2) o
& 1:Beam Geometric Line X
& 5:50il
<3 Geometric (10) )
S Line (9) Analysis category 2D Inplane
& 1:ConnectionPart Definition
& 3:Pile . -
7 & 4:BaseSlab (CSS D=93 major z) (®)From Library . User Sections
& 5-Wall (CHS Rotation about centroid 0 Tocl -
Mirrored about axis None ~ T 5
_)Enter Properties
~ p 100%

'
#db 10:InnerTank (Varying - 5 sections) 2D Thick Beam (Any beam)
3 Joint (1)
& 2:JointGeometric
‘33 Material (40)
=143 Isotropic (8)
& 1:BaseSlab
& 2:wall
& 3:RingbeamlLower
& 4:Roof
& 5:ConnectionPart
& 6:InnerTank
& 7:RingbeamUpper
& 8:Pile

Fig 201 Geometric Properties for RingBeam Lower in a Beam-Stick Model

Wall
The elements for the Wall represent the extent of the wall with a constant thickness.

Section properties are defined as below, with outer diameter of (43.2 + 0.75) * 2
87.9m and wall thickness of 0.75m.

& 5:Soil
1“3 Geometric (10)
=3 Line (9)
& 1:ConnectionPart
& 3:Pile
% 4:BaseSlab (CSS

I 5
:RingbeamUpper (CHS .. .05/ CHS D=88.5
<& 9:Roof (Varying - 19 sections)
& 10:InnerTank (Varying - 5 sections)
& Joint (1)
& 2:JointGeometric
£3 Material (40)
=33 Isotropic (8)
& 1:BaseSlab
& 2:wall
& 3:RingbeamLower
& 4:Roof
& 5:ConnectionPart
& 6:InnerTank
& 7:RingbeamUpper
& 8:Pile

2 Tninke (311

L
Geometric Line

Analysis category |2p Inplane

Definition
(®) From Library User Sections
Rotation about centroid @ | ° Local
Mirrored about axis None ~

CHS D=87.9t=0.75
() Enter Properties
2D Thick Beam (Any beam)

Fig 202 Geometric Properties for Wall in a Beam-Stick Model
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Wall Tapered

The elements for Wall Tapered represent the extent of the wall having a varying
thickness. Varying section properties are defined as shown below.

'
Geometric Line

& 5:50il

5 Geomelric (10)

& Line (9)

& 1:ConnectionPart

& 3:ple Analysi category |20 Inplane
: if;s\f‘:ﬁ‘(ﬂg (s b 'a“;‘;’rf;lom Defiition Properties for end 1 of ine Propertes for end 2 of line
1 5:Wall (CHS D=67.9 t=

& bWallTapered (CHS D=B8,6-t-1.1] CHS D=87.9 t=0. ® From Ubrary . User Sections User Sections

& 7:RingbeamLower (CHS D=88.5 t=1.05 major 2} Rotation about centrold [0 e = (| .
& B:RingbeamUpper (CHS D=88.5 t=1.05/ CHS D=88.5 " .

& 9:Roof (Varying - 19 sedions) frrored about as o) CHS D=88.6 t=1.1 | [os0=8791=075 -
&% 10:InnerTank (Varying - 5 sections)

4 Joint (1) () Enter Properties

e 00° =T, 00
& 2:JaintGeometric 2D Thick Beam (Any beam) 7 - \
S5 Material (40) / \
| %,
= Isotropic (8) Alignment . ¥ \ ¥ %

& 1:8aseslab
& 2:Wall ®) Align end 2 to end 1
& 3:RingbeamLower () Align end 1 to end 2

& 4:Roof I I I i
& 5:ConnectionPart Vertical  [Centretocentre | 0.0 \ I ] |
& GilnnerTank Centre to centre y \\

& 7:RingbeamUpper N P

& 8:il #

>

Fig 203 Geometric Properties for Wall Tapered in Beam-Stick Model

Buttresses

Buttresses can be added as structural members by specifying the number of buttresses
and their dimensions in the dialog.

Buttress
Mumber of butiress 0 ~

Extruded Thickness (m) Buttress Width 0 (m)

As the inclusion of buttresses makes the model non-axisymmetric, this is considered in
the model by increasing the thickness of wall and ringbeam to the equivalent thickness.

BaseSlab

The length of the line modelling the slab is equal to the slab thickness. If the annual
part of slab has different thickness, an average thickness is computed and used.

From calculations the slab is modelled with vertical beam elements, having a circular
section with diameter of 93m (section area of 6,792.91 m?), and total length of 1.2835
m.
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S TR Gecmnetic e .
[ T . . pe—
OGS FH908 e, ry| [P— =
A (36) b gy (25 irgh
G Datinitica
@ From Liteary TETTy
scatin ot otrsg 0¥ °
A ([

ot s

20 thick e (A beem)

F'a X

Stra\ghlhr\el, ngth=1.28352 l
Prifte—t-

Msh1Beam
Grap:4:BaseSlab [C55 D=93 major z]
Mat1BaseSlab

Sup T3 Fived -
There are 2 items o this position & 3 abgheaniomes
Fiess Tab o cycle through them e

s sochionl avea ]

& 5:Comnectimpart
6tniTork

= st Ot
— % e = St dta,
0 G e it S

Fig 204 Section Properties for Base Slab in a Beam-Stick Model

Pile

3 Geometric (10)
—4 Line (9)
& 1:ConnectionPart

S5 D=93 major z)
46 5:Wall (CHS D=87.9 t=0.75 major z)

+1¢% 6:WallTapered (CHS D=88.6 t=1.1/ CHS D=87.9 t=0 ¥
41& 7:RingbeamLower (CHS 8.5 t=1.05 major z)
& B:RingbeamUpper (CHS D=88.5 t=1.05/ CHS D=88.5

11 9:Roof (Varying - 19 sections)
&% 10:InnerTank (Varying - 5 sections)

Value
= Joint (1) Cross sectional area (A) 617220
& 2:JointGeometric s r Tof Sout ; 5
3 Material [40] econd moment of area aboul z axs ( ZZ] 297 0G4E3
& Isotropic (8) Effecive shear area in y direcion (Asy) 540.137
& 1:BaseSlab Eccentricity in y direction (ey) 00
& 2:Wall
& 3:RingbeamLower
& 4:Roof
& 5:ConnectionPart
& 6:InnerTank
& 7:RingbeamUpper
| GEle v Visualise. Tapering >> Section defall...
[4 >
t Output 1 Name Pile V=@
Fig 205 Section Properties for Pile in a Beam-Stick Model
Inner Tank

The varying thickness of the inner tank is defined as follows:

145



Examples — User Inputs

Attributes v o x LUSAS View: Exampld Multiple Varying Section
ElLavers [Eoro.. Erep... Fattri., (Banal.. F>utilit...

=424 Example_EN1595_HorizontalBeam3tick(18F).md ~ sl o e Distance interpretation
=43 Attributes (58) nees cateeny

(O Scaled to fit each line individually
423 Mesh (5) ‘1 [/] Specify shape interpolation

3 Point (3 [ —— (@) Along reference path | InnerTank -
& 2PointMass(Roof)

i 3mpulsiverart - 7

& +ConvectvePart St Shape Interpolation|  Distance Eii

=9 Line (2)

% 1:Beam 1[CH:

L. & 550l 2|CHS

424 Geometric (10) Cl

2123 Line (3) cl

&% LiConnectionPart E

3iPie -

% 4iBaseSlab (CSS D=93 major 2) . Alignment
& 5:wal (CHS D=88.0447317611605 t=0.8 Vertical | Centre to centre
&b &:WallTapered (CHS D=88.743590139765
&b 7RingbeamLower (CHS D=88.643752125
& BiRingbeamUpper (CHS D=88.643752125 - X
& 5iRoof (Varying - 19 sections)

| &b 10:InnerTank (Varying - 8 sections) |

g m el o)

. 2:JointGeometric

423 Material (40)

29 Isotropic (8)

& 1:Baseslab

&b 2wal 1 3 5 g 3

& 3:RingbeamLower

& 4:Roof

& 5:ConnectionPart

& s:lnnerTank

&, FRingbeamUpper

&b, 8:Ple Section 1-1 Section 2-2 Section 3-3 Section 4-4 Section 5-5 Section 5-6 Section 7-7 Section 8-5

424 Joints (31)

&, 10:Impulsivel NGMass

&, 11:ConvectiveLNGMass

‘g} 12:SiSpring_1 v Name |Inr\erTank -

Insert
Start 0.0

Jan L —
Linear 3.08001
Lnear 30.08
inear 30.08

i 548

Delete

Fip

Align al sections to section

Centre to centre Interpolation of properties | Enhanced v

S (o)

Fig 206 Section Properties for ‘Inner Tank’ in a Beam-Stick Model

The inner tank is modelled at X=1.0639 (not in the centre, but at a distance equal to the
thickness of the wall insulation), hence an eccentricity in the y direction (ey) of -1.0639
was used in the geometric property definition. The properties for the bottom of the
inner tank are as shown below.

Multiple Varying Section = l
! Distance intora ENISY Section - Row 2 ==
Analysis category 20 Inplane
© Scaled 10 fit] | pegi
[7] Specity shape interpolation =initen User Sections
Siepe i © Along referefl | ©) From Lbrary
[ Symmeric section
0 Local
Shape Interpol None Error: Not found
(@ Enter Properties o
CRE D% {Linear
Alignment
Vertical [Centra to centrs L] Manalsect
Centre to esnire Interpolation
Value
Cross sectional rea (A) EEceTy
Second momen of area sbout z as (z2) §47348E3
|| [Effective shear areain y drection (isy) 477667
Eccentictyiny drection (&) 1063
Section 1-1 Section 2-2 Section 3-3 Section 4-4 Section
Mame  InnerTank 1

Visualise...

Fig 207 Section Properties for Inner Tank in a Beam-Stick Model
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Material Properties

Roof

The Input data was used for elastic modulus, Poisson’s ratio, and mass density.

Rayleigh damping constants are computed and assigned as below.

Attributes ¥ 0 x [(¥1z200 -100.0 80.0 60.0 400 200 0.0 200 400 60.0
O @ an.Dge. B # ut. & a. | fsoroPi
{1 & 10:TnnerTank (Varying - 5 sections} |||
2 Joint (1) 3
la Maﬁ@’a’é’;’enmm'c [ Plastic creep [Jpamage [ |Shrinkage [ ]Viscous [JTwophase [ ]Ko Initiaisation
43 Isatropic (8) n Elastic
& 1:BaseSlab E
[+] Dynamiic properties al
[IThermal expansion Young's modulus 35.060
n Poisson’s ratio 02
< Mass density 25E3
& 7:RingbeamUpper Mass Rayleigh damping constant 051002
& a:pile Stiffness Rayleigh damping constant 1.9032E-3
=3 Joints (31) n
& 10:ImpulsivelNGMass =
& 11:Convedtivel NGMass
& 12:SoilSpring_1
& 13:50il5pring_2
& 14:50ilSpring_3 =
&

& 15:5allSpring_4
& 16:5oilSpring_5
& 17:5ailSpring_6

Fig 208 Material Properties for Roof in Beam-Stick Model

The wizard adds a joint element to the end of the line modelling the top of the roof, as

shown below. The amount of additional mass is as per user input. (see [Fig 190].)

attributes

tavess [[Sorouns | aroues [Eanaies. | uiites | B Reparis

=2 test1_E19%6 Horontaeansth(3s)
23 Attriutes (53]
=l Mesh (5)
= Pant ()
& mpsiverart
& “Comectepart

& ueam

& 2:Beam_Endlointiftoof)

Jots (32)
& sRooMonstucurabiass
& DiImouisivelNGMas

14:Solsprng_3
15iSolsprng_4
16:50lSprng_§
17:SolSpring_§

vax

LUSAS View: testl ENIS98, Horian alGeamSUck(EGF).mdl Window 1 % |

B o e W W% Ho T e
=
o General Progerties
=

1 ] Analysis category 2 inpiane

1 1 Assignment to [Poi fine ends Thermal expansion
- Jointtype [Jaint for beams (2D} =]  @IDamping
= Mass poslton [Bafween nades @ Rayleigh ) Viscous coeflciant
1 Properies specilied for each keadom

3 u v THz
= Eatic spng wvess TIETE TR TOETD
= Wass 00 21168 00

- Wass Ragergh 00 05102 08

i Sifness . 00 wfff; 00

1 -
=

=
| Name RoaPlarStucturabiass - Hea
i

8 e =

Fig 209 Non-structural mass on the Roof in a Beam-Stick Model

RingBeam Upper / RingBeam Lower

The Input data was used for elastic modulus, Poisson’s ratio.
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Attributes v R Xx
B 1. ®an. Bre. Bor. & vt & at.

b 10:InnerTank (Varying - 5 sections) a
=53 Joint (1)
& 2:JointGeometric
— Material (40)

23 Isotropic (8)
& 1:BaseSlab
& 2:Wall
& 3:RingbeamLower

& 8:Pile
3 Joints (31)

& 10:Impulsivel NGMass
& 11:Convectivel NGMass
& 12:50llSpring_1

& 13:50ilSpring_2

& 14:50l5pring_3

& 15:50ilSpring_4

& 16:50ilSpring_5

& 17:50ilSpring_6

1200 -100.0 800 600 -400 -200 0.0 200 400 60.0
Isotrapic
o
=
2
[ Plastic [(creep ["]pamage [shrinkage [ ] Viscous [(]Two phase  []Ko Initialisation
2] Estic
g
[+#] Dynamic properties [ Value |
. Youn 35 0E9
Thermal expansion
2 U o Poisson's ratio 02
4 Mass density 25E3
Mass Rayleigh damping constant 025546
Siifiness Rayleigh damping constant 0951589E-3
°
°
o
o
o

Fig 210 Material Properties for Ringbeam in a Beam-Stick Model

Wall

The Input data was used for elastic modulus and Poisson’s ratio. The Rayleigh
damping constants are computed as below.

Attributes v ax
B la. @ an. B Re. @ . ¢ . & At

% 10:InnerTank (Varying - 5 sections] a
=13 Joint (1)
& 2:JointGeometric
3 Material (40)
&3 Isotropic (8)
& 1:BaseSlab
& 2:wall
s

b L

I & 4:Roof I

& G:InnerTank
& 7:RingbeamUpper
& 8:Pile
3 Joints (31)
& 10:Impulsivel NGMass
& 11:Convectivel NGMass
& 12:SollSpring_1
& 13:50llSpring_2
& 14:50ilSpring_3
& 15:50ilSpring_4
& 16:50ilSpring_5
& 17:50ilSpring_6

[y 120.0 -100.0 -80.0 600 40,0 -20.0 00 200 400 600
Isotropic
o
2
[ Plastic [Ccreep [[1pamage [Ishrinkage  []viscous [JTwophase  [_]Ko Initialisation
o Elastic
E:
g
Dynamic properties Value
Young's modulus 35.0E9
Thermal expansion oS moces
e O Poisson's ratio 02
= Mass density 2500333
Mass Rayleigh damping constant 025546
|Stiffness Rayieigh damping constant 0951509E-3
o
=
o
&

Fig 211 Material Properties for ‘Wall’ in a Beam-Stick Model

Base slab

The Input data was used for elastic modulus and Poisson’s ratio. Rayleigh damping
constants need to be calculated.
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Attributes ~ax LUSAS View: Example_EN1995
[Eiayers [Blerou... & attri.. (Danal.. £ Utilit... (3 Rep. . 00

S:ConnectionPart ~
7:RingbeamUpper
8:Pile
EHE3 Joints (32)
9:RoofNonstructuraMass Joint type | Joint no rotational stiffness 2D) v Damping

10:Impulsivel NGMass.
e i Mass position | At first node - O Rayleigh @ Viscous coefficient

L 12:50ispring 1 |
13:Soipring_2

14:Soispring_3

15:Soifspring_4

16:SailSpring_S B I TE— - v
17:SoitSpring_6 Flastic sping stfines} | _14.5269 00
18:SoitSpring_7 Mass 00 00
15:SaiiSpring_8 Viscosty cocficent | | 20 749TEE 1)
20:SoiSpring_5

2L:SoilSpring_10
22:S0iSpring_t1

23:SoilSpring_12

24:50ilspring_13

25:SailSpring_14 o

26i5aliSpring_L5 = X

27:50iiSpring_i6
28:SoilSpring_17
29:50iispring_i8
30:SoiiSpring_t9
3L:SaiiSpring_20
32:50iispring_21
33:SoilSpring_22
34:sailspring_23
35:SailSpring_24
36i5aliSpring_25

General Properties x

500

Assignment to [Lines [ Thermal expansion

ol

Properties specified for each freedom

a0

200

300

v
< > Name ‘SuiEpﬂng_l v|

Fig 212 Material Properties for Soil Boundary in a Beam-Stick Model

Impulsive liquid mass & Stiffness

Following the code-based computation as summarized in the spreadsheet, the impulsive
liquid mass and stiffness are applied to the model.

IBF (Including Base Pressure)

Lever arm
~ mass .
Component height
mec(mi), Kg hethi), m
LNG Convective 0.924 049 0.84 50,527,854 3297
LNG Impulsive 0.924 0.51 079 53,404 240 30.88

3) Stiffness for Impulsive Mass

Component Remark
H/R 0.02447 LNG height divided by inner tank radius
o] 430.0000 kg/m? mass density of LNG
Es 2.00E+11 N/m? medulus of elasticity of inner tank material
s 0.0348 m equivalent uniform thickness of inner tank wall
G 6.51359 coefficients for determining the fundamental frequency
Timp 043182 5 fundamental peried of oscillation of the tank (plus the in
ki 11,325,839,357 N/m
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Attributes v ax LUSAS View: Example_EN1998_H:
B Layers [Blcrou... & attri.. (R Anal. ~ utilit.. (F Rep... 00 . 2
S:ComnectionPart ~

L 8:Pie I E Assignment to | Points and line ends [ Thermal expansion

General Properties X

w00

[ ——— | Joint type |Joint no rotational stifiness 20)  ~| [ Damping

10:Impulsivel NGMass Rayleigh (O Viscous coefficient
11:ConvectvelNGMass Mass position |At first node ~ @Rayleigh O

12:50iSpring_t
13:50lspring_2
14:50i5pring_3
15:50i5pring_+
16:5015pring_5 5
17:SolSpring_6 Elosic sping sifiness TT 325869
18:50lspring_7 Mass 51434568
19:50iSpring_8 Mass Rayleigh damping constart 035318

20:50ispring_9 Stffness Rayleigh damping constarf | 1.4274E-3
21:SoiSpring_10
22:S0lSpring_11

23:50iSpring_12 1

24:50iSpring_13

25:5oiSpring_14

26:SoiSpring_15 X

27:S0iSpring_16
28:Soispring_17
29:SoiSpring_18
30:50i5pring_13
31:50l5pring_20
32:S0iSpring_21
33:So0lSpring_22
4:SolSpring_23
35:S0ispring_24
36:SoiSpring_25

a0

Properties specified for each f

oo oo

00

00

200

v
S B Name [ImpulsvelGHass BEE)

Fig 213 Material Properties for Impulsive liquid mass in Beam-Stick Model

Convective liquid mass & Stiffness

Following the code-based computation as summarized in the spreadsheet, the impulsive
liquid mass and stiffness are applied to the model.

IBF (Including Base Pressure)

Lever arm
- mass .
Component : height
mcimi), Kg hethi), m
LNG Convective . 50,527,854
LNG Impulsive 0924 051 079 53,494 849 30.88

2) Convective stiffness for Liquid

Component Value Remark
H/R 0.924 Liquid height divided by inner tank radius
Cc 1.54 s/m"? coefficients for determining the fundamentalfrequency
Teony 9.993 s natural period of the first (convective) mode of sloshing
ke | 19,974,995 ||  N/m
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Attributes

vax

(S usyers [Horou.. attri,, Eanst. FPuni. Frep.

LUSAS View: Example EN1998 H

00 . 2|

5:ConnectionPart
6:InnerTank
7:RingbeamUpper

E 8:Pile
=23 Joints (32)
9:RoofNonStructuralMass
L0:Impusie NN

I 11:Convectivel NGMass

13:SoiSpring_2
14:5aiSpring_3
15:SoiSpring_4
16:5aiSpring_5
17:SoiSpring_6
18:50iSpring_7
18:SoiSpring_8
20:SoiSpring_9
21:S0iSpring_10
22:50iSpring_L1
23:50iSpring_12
24:50iSpring_13
25:SoiSpring_14
26:50iSpring_15
27:50iSpring_16
28:SoiSpring_17
29:50iSpring_18
30:SoiSpring_19
31:SoiSpring_20
32:50i5pring_21
33:50iSpring_22
34:SoiSpring_23
35:50iSpring_24
36:S0iSpring_25

~

w00

00

200

200

General Properties

Assignment to

Joint type |Joint no rotational stiffness (2D)

Mass position

Properties specifie

Points and line ends

At first node

for each freedom _

[ Thermal expansion

Damping

ORayleigh @ Viscous cosfficient

u
| 155756

Hlasiic sping sifine:
Mass

| 50.5279E6

Viscosity coefficiert

| 317 684ES

Nare | ConvectveLNGuass

v| 2 ay

Fig 214 Material Properties for Convective Liguid Mass in a Beam-Stick Model

Inner Tank

The Input data is used for elastic modulus and Poisson’s ratio. The Rayleigh damping
constants are computed as follows:

Atrivutes

B

Mo &

Dan.. ot Dee
& b 10iIrmerTank (Varying - 8 sechons A
S Jont (1)
& 2donteamelnic
3 Materiel (40)

LUSAS View: Example_EN1998_ HorlzontaiBiead

Isotropic

=1

ropic (8)
Jr———y

<

Tedt Output

2wl
BiRingbeanLower
ool

rrerTark

Pl

s (32)
#:RooMonstructurabass

& 10:ImpuavelNGMazs

1:ConvectivelHohiass

16 SaiSpring &
17:SaiSgring 6
a7
19:5i50nng_§
20/50k5prng 9
21iSoiSpring_i0
22:5oiSpring_11
23:SolSpring_12

T

[

¥

WO

[ Plastic

[Ccreep

Elastic

[ Dymamc repertes
] Thermal expanscn

Narme

[IDamage

[Cshrinksge (] viscous

[JTwo phase (1Ko initialisation

Wasn Rayleigh danping condtart

[ P Gy conmi?

&
09515993

InnerTank.

Fig 215 Material Properties for Inner Tank in a Beam-Stick Model
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Viewing Results

Mode Shapes

The Layers panel in the LUSAS Modeller user interface controls what is displayed
in the View window. Mode shapes can be observed by adding the Deformed mesh

layer to the Layers treeview.

nases X |7 LUSAS View: Example_ EN1998_ HorzontaiBean Analyses vax LUSAS View Example_EN1998. HorizontalBe:
Blayers [Fcroups & Atrb... ( analy... ¥ Uit Brovers [Horoups Attio.. @ Analy.. o vtit., [ repo.. | [T 2098 ]
Sy - = aralyse 1 ~1/ [=1
() Geometrc (0 Geometric
4 ) Matenal (] Material
2 -9 Iloadcase 1 =]
= E ] (3 supports Gl
Wy Bgenvalue |
L =148 Example_EN1998_HorizontalBeamstick _IBP_r.
SetActive | & [T i
Close Resuls il [ ¥ R | €
Properties. ‘ | 7 1ode 5Freaueney Close Resuls File
L A &7 L:Mode 6 Frequency B Prnpemes
& " 1:Mode 7Frequency =
&7 1:Mode 8 Frequency = 27. 0343
g > X =] —- X
& 1:Mode 10 Frequency = 37.5517
&7 1:Mode 11 Frequency = 40.2817
o &7 LiMode 12 Frequency = 47.0261 o
& &7 LiMode 13 Frequency = 49.2882 2
lode 14 Frequency = 54. 1M & 1:Mode 14 Frequency = 54.1798 :
lode 15 Frequency = 8.8509 & L:Mode 15 Frequency = 58.8509
lode 16 Frequency = 61.5095 o &7 1:Mode 16 Frequency = 61.5005 o
de 17 Erequency = 67.4503 S &7 LiMode 17 Frequency = 67,4503 B
de 18 Frequency = 78.3405 &% 1:Mode 18 Frequency = 78.3405 .
= &7 1:Mode 13 Frequency = 816638
o " LiMade 20 Frequency = 84.9184 o
v B 47 2iMode 21 Frequency = 83,6621 vl [=
< 2 < >
Nore Spedfy. None: | Spedfy...
Ansiyses = 8K | LUSAS View: Example,EN1938_HorizontalBeamSth Analyses vax LUSAS View: Example_EN1598.HorizontalBea
(=15 Giouos dyamtrt... (8 anaty... F viens.. (Mrepo TR LT - T R Lorers [Bloroups dpatirv.. (D analy... o vt Erepo... | [0 770 08 =0
= Analysts 1 N ¥l 2 Analysis 1 ~ 2]
-1 Geometrc (£ Geometric |
(8] Materiel = {1 Material
Q lmdam1 5 . 203 tloadease 1 |
e 1 Supports &
il Exarpie 195§ R B Eicenvalue ]
N EM0e L Freauency = 0,1000%0 = i e Exeme BISSR Horwondtenoi
=1 T tiMode 1 Freauency = 0.1 ol
B roce s e ] i i
W7 1Mode 4Frec S8 Set Active 1
&% 1:Mode 5 Fre¢ s Fi i 1 =
& 1900 6 Fred Close Results File ¥ de 5 Frequ B o acive
1 iMode 7Freq EY Properties | & de 6 Freay
£ 1:Mode 8 Frequency = TT0BAT T de 7 Frequ Close Results File
£ 1:M0de 9 Frequency = 29,2496 = - X de 8 Frequ g5l Properties.
7 L:Mode 10 Frequency = 37.5517 1:Mode 3 Freq. = - X
e 10 Frequency = 375517
u de 11Frequency = 40.2817 1
gl de 12 Frequency = 47.0261 n
: f:Mode 13Frequency = 45.2882 =
de 14Frequency = 54.1798 :
o de 15Frequency = 58.8509 9
&% 1Mode 17 Frequency = 67.4503 =l de 16 Frequency = 61.5095 -
&7 tMode 18 Frecuency = 75,3905 Liode 17 Frequency - 67,4503 &
&7 1:Mode 19 Frequency = 81643 e 18 Frequency = 78.3405 !
& 1Mode 20 Freguency = 34.9154 - 1 TiMade 19 Frequency = 81638 1
i L:ads 21 Fregiency = 51821 181 A7 1:Mode 20 Frequency = 848184 o
= 2 & 1:Mode 21Frequency = 93.6621 vl
None v speafy... < >
None ~ | Ispecify..

Fig 216 Mode Shapes from Eigenvalue Analysis with a Beam-Stick Model

Natural Frequencies

By selecting the menu item Utilities>Print Results Wizard...Natural Frequencies and
Participation Factors can be displayed.

Looking at the mode shape and the mass participation factor, the 1% mode is for
convective liquid mass, and the subsequent modes are mixed modes. From this it
would be reasonable to use the 2" and 3" frequencies as the frequency range for
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computing damping constants. (e.g. f1=1.25, f2=5.44 for the 1% and 2" frequencies in
the Seismic Analysis Wizard dialog.)

LUSAS View: Example EN1530 1 i Mas x|
. HSDBe o
— T Woie | WeesProi | WasaPtv | MemFrZ | WesPrTOX | UsssProv | e | Presessy | Peed
T T S | oEEE | 08 % o o5 Trooes | 53050n
7 2 oawm | wenscs 1] o ]
E) ) TS | oiorees 0o 0 1] ozermt
) P TaumEd | ndsasies | ne 1) w oosza
5 : aimion | sisses [ o 1] 007sesi4
0 s assirei | ssssees | us (T} ) cosist
7 omgses2 | emiike 09 0o 1] 0 0sav0as
) ) nsses [T I 1) 7] comee
0 s G | owerses 0o w0 0 oosersst
i) 10 056207863 | 813131365 | (1] 1 1) T (1] 002883
() " 08956263 | 70336469 [T} 1 [ I [} 00268252
(2] | csownes | sames 1] o ] oozass
n ] Tosomes | 2480358 1] [ 1] 0.0202888
" 1 oasares | wsmss | oo [T} w ooteesTt
I i coued | Sle0SiE 00 (1 1] 0 oieeszt
3 ® 238107E8 23877868 L] I L1 I (1] 0.0162¢76
Pesion 7 7 owmerie | oamiEs 1] %0 (] oorezsT
) sonibcas fgres (5= " " 0B11BTIE | nB1T2SES W] (1] [1] uonzress
Dacimal places. 15 15 0.3484TES 11201666 [} H 00 [} 00122483
[ty nom ] e g e E-) % 37ea | 11R2iES us (1} 1] o018
[ 5ave n reeien Defats D Mhresckdie WA = 2 DitesTeEs | 0152617E% s a8 ] 00108787
z z 910ITED | 9506066 (1] 13 w0 00105014
) D ommmes  assises 1] [ 1] 8re21e3
o e <121 (oo ] u TesEEs | o o [T} w s ases
= 2 00mEs | eiTNES (1] o {1] BaszreE s
= (i siormea | sooasez | ue 1) o o
i 7 0TS S 4TOTER 1] 0 1] 83373
- | [ T2se0ts (7} 1) [T] e
o = = i 4 aues) Lilnadesse 1{Partonation factors) 1doadease 1{M: fa

Fig 217 Natural Frequencies from Eigenvalue Analysis

Diagram
The Layers panel in the LUSAS Modeller user interface controls what is displayed
in the View window.

e Add the Diagrams layer and choose Force/Moment — Thick 2D Beam for
Entity, Fy for Component, then the Shear Force Diagram is displayed.

Layers v ax LUSAS View: Example_EN1998_HorizontalBeamStick(IBP).mdl Window 1 X
Brayers [Hcrovps atri.. (Banaly.. > utiiti.. [ repo B[ 200 . 00 . 200 . 400 . 690 . 800 . 1000 . 1200 . 1490 . 16p0 . 1890 ., ¢
=142 Example_EN1998_HorizontalBeamstick(IP).md 1
&[] Example_EN1938_HorizontalBeamstick{IBP). mdl Window 1 =
{9 Utiities =
{5 Mesh |
{5 Geometry Properties X
B Attributes =
{5 Deformed mesh M Diagram Plot  Diagram Display Scale
{5 iagrams : Fy (ForceMoment - Thick 2D Beam) |
- View properties
o Entity Force /Moment v
I
™ Component |Fy -
Location | Internal points v
o
o
o
o
&
b=
-
ki
] Clase Cancel Apply Help
Deformations. .. x 109.688 o
=
[window summary | Detals... '
[~ view axes Details... a
[ view axis cube &

Fig 218 Shear Force Diagram from a Beam-Stick Model

The results combined with the given response spectrum is displayed by ‘Setting
Active’ the Post Processing loadcases as shown below.
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LUSAS View: Example_EN 1998 HorzontasSeamsStckiBF).mal Wie | Analyies

LUSAS View: Exampie_£81598_HorizontaifieamSick 5FLmal |

0 [ 50 00 g ws S (S analy... U1 s EBY T ) 5 )
&80 Bk, P8 irromtaie el
2 B trranives
¥ g 58 B
: = | B
i A f o Ef
S =] 2 E
L e — Frt Modl Forees RE R o 64t
e RS 5 EEHE
. AR e AR
& rae : T copy . 4 2
= a8 s B ' E
— : |
% Delets aname :
il K Delete
i "“_
e = = =

Fig 219 Shear Force Diagram for CQC & SRSS from a Beam-Stick Model

Damping applied to each mode

Because Include modal damping is checked in the Eigenvalue control, the modal
damping factors computed for each mode are printed in the output file.

Analyses
la. ®at. D re. @ A Bor. &

[

D Convert assigned loading to mass

~40.0

50.0

=123 Example_EN1998_HorizontalBeamStick(IBP) Solution | Frequency v Value
21423 Structural analyses Number of eigenvalues 100
== Analysis 1 = - phift to be applied 0.0
™
£ Geometric I Include modal damping II Set damping... l
(23 Material ) . . ~SA Modal Dampin:
@ 1:Loadcase 1 Eigenvalues required ' Minimum ~ ping
=] S_u ports Range specified as i X
4 Eigenvalue Frequency Eigenvalue (®) Viscous (O Structural
[T Post processing
-¥ 2:Response Spectrum CQC
(%) 3:Response Spectrum SRSS Eigenvector normalisation Use distributed damping for  All modes bd
# Model properties Unif Mass Stiffness
prop @iy ® o Modes using distributed damping
[CEigenvalue 1 ~

[CEigenvalue 2
[CEigenvalue 3
CIEigenvalue 4
[CEigenvalue 5
[CEigenvalue 6
[CEigenvalue 7
[CIEigenvalue 8
[CEigenvalue 9

SEinanmlin 10

Damping ratio for modes not using distributed
0.05

Cancel Help

Fig 220 Eigenvalue Control for a Beam-Stick Model

The output file will have a file extension of ‘*.out’ and can be found in this location:
<Current working folder>\ Associated Modal Data \

Example_EN1998_ HorizontalBeamStick(IBP)
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« Projects » Associated Model Data » example_EN1998_Horizontall

Backups
Sessions

~

@ Example_EN1998_HerizontalBeamStick_IBF_~Analysis 1.dat

(@ Example EN1998_HorizontalBeamStick_IBP_~Analysis 1.log
7] ; ic 1

Example_EN1998_HorizontalBeamsStick_IBP_~Analysis 1.cut

% Shertcut to Example_EM1998_HorizontalBeamStick(1BP)

MODE
1

2
3
4

5
6
7
8
9
0

MODAL DAMPING

FACTORS

EIGENVALUE FREQUENCY  VISCOUS DAMPING

0.395176 0.100050 0.499743E-02
167.665 2.06082 0.241436E-01
643.387 4.03698 0.239720E-01
4531.10 10.7133 0.437928E-01
7311.47 13.6089 0.555867E-01
149446 19.4564 0.865010E-01
19580.3 22.2705 0.866604E-01
28959.7 27.0843 0.107467
33775.4 29.2496 0.102656
55669.6 37.5517 0.147496

Fig 221 Modal damping factors from Beam-Stick Model

Design Response Spectrum
By default, the Wizard uses the response spectrum based on ASCE7-10 (2010).

Utilities vax
B 1o, @ an. @ pe. @ . & ut. & at
3 Example2_EN1998_HorizontalBeam Stick(4)
= Utllities (4)

‘3 Response Specira (1

o 1:Dest

= 3 Reference Path(2)
«* 1:Roof

«* 2:InnerTank

Response Spectrum - Design Code
Design code ASCE-7-10 (2010)

Curve definition
Incremental period

Spectra definion

(@) Code defined () User defined

Parameters
Site class A
Mapped spectral acceleraton &t [0.25
shart periods (Ss)

Spectral data
Site coefficient (Fa) 0.8
Short period response 0.133333
acceleration parameter (Sds)
Period (T0) 0.08

Name ASCE A-CLASS

v Show graph
E Maximum period 6.0 s
Scale factor .0
Long transition period (TL) 40 s

Mapped spectral acceleration at 0.1
one second period (51)

Site coefficient (Fv) 0.8
One second period respanse 0.0533333
acceleration parameter (Sd1)
E Period (TS) 0.4 E
v

Appl Help

Fig 222 Design Response Spectrum used in Beam-Stick Model by default
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Design spectrums can be defined by selecting the menu item Utilities> Response
Spectrum...

Response Spectra X L |Response Spectrum - User defined

Frequensy Obspacement Sooctlomn G o
) Response Specren - s deioed o _— dmping
Responss Sosdnum - Design Code  Acsertion
Acceertionjoraviy
[ | Pedoa |
o o0
3 o o
i
E [ 001
[8]
12 02 08 18 28 38 45 5B 468
P
Resoanse sperum
oo | = o)
|
Mot > Cancel Help < Back. e Finish Cancel APy Help

Fig 223 User-defined Response Spectrum

This can be used for post-processing by changing the IMD loadcase attribute as
illustrated below.

File Edit View Geometry Atfributes Analyses Utilities Tools Eridge Design LNGTank Window Help

DEd & = BBXx 9->-& o~/ --&- b A [T L e B F k- K- ek kg

Analyses v R X LUSAS View: Example_EN1998_HorizontalBeamStick(IBP).mdl Window 1 x|

Etayers [Blcroups Attrib... (B analy... > Utiliti... (Z Repo...

TR ve

™

LUSAS values ~ Use all modes

Type of spectral response

Damping variation correction

Set damping
ping to response spectrum

Select modes.

Eurocode

Response

400,

e ‘Respunse Spectrum SRSS V@

SRSS combination

W .50 .00, 50 100, . D 200, =0, . 300 350
=3 Example_EN1938_HorizontalBeamStick(IEP). md
423 Structural analyses PR
£2 Analysis 1 ﬁ.\;\.xy ;)JEH
i -2 Geometric ol — NEHER
¢ () Material 8] IMD Loadcase x
i B8 Liloadease 1
(22 supports
#y Eigenvalue | -
Example_EN1998_HorizontalBeamstick IBP_anal || [< Exdtation | Support Motion &7
, 2
I— (%1 2:Response Spectrum CQC Results | Spectral v | set
- () 3:Response Specirum SRSS
TodeT opertes Damping Modes
Spectral Response X

350

Cancel Apply Hep

Fig 224 Change of Response Spectrum for Post-Processing
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2D Beam-Stick FSSI Seismic Analysis for Vertical Actions

User Inputs
The required user inputs are the same with those for Horizontal Actions.

Seismic Analysis Wizard
The user dialog is obtained by selecting the menu item LNG Tank> Seismic
Analysis...

o Enter the model filename and select a Design Code of EN1998-4, and a model
type of Beam-Stick Vertical.

The required damping ratio for the design code can be defined for each of members.

The 1% mode frequency for the roof can be obtained from a separate eigenvalue
analysis. This is used for computing the stiffness of roof joint element.

LMNG Tank - Seismic Analysis
Tank definition data Tnkl -
Model filenarme [Example |
Saved model file path |C!WUSersWuhssoWDocumentsWLUSASlQDWF‘rojects‘|

Analysis type
Desian code EM 19354 w

Beam-stick horizontal ® Beam-stick vertical

Beam-stick harizontal .
o K LR WU {Including base pressure}

(Excluding base pressure)

(Bearmn-5tick Harizontal model and Vertical model is created according to
EM1998-4:2006 43,22 Simplified procedure for fixed base cylindrical tanks)

Critical damping / frequency

Critical damping (%) Freguency {15t mode, Hz)
P
LNG flexible
LMG Rigid
Buttress

<

Mumber of buttress 4

(m)  Buttress width (m}
Cancel Help

Extruded thickness

Fig 225 User Dialog for Seismic Analysis Wizard (for Vertical Actions)
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Mesh
Modelling details are discussed at 2D Beam-Stick FSSI Seismic Analysis.
The properties used for this beam-stick model are summarized in the spreadsheet

named Example_Seismic_Report(Vertical).xIsx which can be found in the current
working folder.

Attributes - QX vx 0 . -3.0 X 2.0 X -1.0 X 0.0 X 1.0 X 2.0
@ 1, @ Gr. & at. @ Ut. ® A, @ Re.

(=13 Example_EN1998_VerticalBeamStick. mdl

[543 Attributes (11) 2] -
(-4 Mesh (4)

(=133 Point (4) :

& 1:Roof Material Key

& ZAuldRIgld Analysis: Analysis 1
& 3:FluicFlexible ysis: y *

& 4:Pile(k)_NoRoof Tank(M) .
-1/29 Geometric (1) ~ Ro‘?f .
(19 Joint (1) FluidRigid
& 1:]ointGeometric

[/ Material (4) FluidFlexible

(153 Joints (4) Pile(k)_NoRoofTank(M)
& 1:Roof
& 2:FluidRigid
& 3:FluidFlexible
& 4:Pile(k)_NoRoofTank(M)
[-/24 Supports (2)
& 1:Fully Fixed
& 2:Y Free

10

0.0
x

Fig 226 Mesh for a Beam-Stick Model for Vertical Actions

Material Properties
The details for computing properties are summarized in the spreadsheet.

Roof
1) Mass & Stiffness for Roof
Component Value Unit Remark
M_roci 11,985,937 kg mass of roof
f 5.0000 Hz fundamental frequency of oscillation of the roof
0.2000 g fundamental period of oscillation of the roof
K _roof 11,820,643,817 N/m

Fig 227 Roof Properties for Beam-Stick Model for Vertical Actions
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Attributes ¥ & X |General Properties x

[Eliayers [Elcroups b attrib... (B Analy... = utiliti... [F repo...

)23 Example_EN1998 _VerticalBeamstick.mdl
23 Atrbutes (1) Analysis categery |20 Inplane ‘
-2 Mesh (4)
| =123 Point (4) Assignment to | Paints and line ends [ Thermal expansicn
% LRoof
& 2:Fuidrigid Joint type | Joint no rotational stiffness (2D) Damping
| &% 3:FluidFlexible ORayleigh @ Viscous coefficient
| &, 4Fie(d_NoRoofTank(M) Mass position | At first nede
| 23 Geometric (1)
| =423 Joint (1)
& 1:JointGeometric
23 Material (4)
o u v
-3 Jonis (4 Hlastic spring siffiness |_11.0296E9 T00.0E18
| Mass 11.9809E6 0.0
| Viscosity coefficient 37 6549E6 00
4Pile(k)_NoRoofTank(M)
-3 Supports (2)
: L:Fully Fixed
L& 2 Free
|
|
Name |Roof ~|

Close Cancel Apply Help

Fig 228 Roof Properties in a Beam-Stick Model for Vertical Actions

Fluid-Flexible

| M_inG | 89,566,808 | kg |mass of LNG (radial breathing), ref. A.40. |

| ka5 | 20504603004 [  N/m | |
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Attributes ¥ & X |General Properties
Sltayers [Bleroups & attrib... (B Analy... o Utiliti... (5] Repo...
-2 Example_EN1996_VerticalBeamStick.mdl .
T3 Atrbutes (1) Analysis category |2DIr\pIar\e ‘
1423 Mesh (4)
424 Point (4) Assignment to | Peints and line ends [ Thermal expansion
&b LRoof . " " . .
& 2udrig Joint type | Joint no rotational stiffness (20) Damping
&b 3:FluidFlexible ORayleigh @ Viscous coefficient
Lo “:Ple})_HoRooFTank(M) Mass position | At first node
23 Geometric (1)
=-423 Joint (1)
&b 1:JointGeometric Properties specified for each freedom
23 Material (4)
u v
: R [Esicsprng diness | 20508659 TO00ETE
Imjd " Mass 89 5668E6 00
&b 2FuidRig Viscosity cosficiert | 13551956 [ili]
&b 3iFidFlexble
& 4:Pilel)_NoRoofTank(M)
=43 Supports (2)
| & LFuly Fixed
| & 2¥Free
Mame |FluidFlexible M=)

Fig 229 Material Properties for Fluid-Flexible in a Beam-Stick Model for Vertical

Actions
Fluid-Rigid
B 18,681.6000 kg/m':' hydrodynamic pressure on the wall, from A17
| mM_iNG r (3) 104,022,70 | kg mass of LNG {rigidly moving), ref. A17.
| K_ing.r 20504503003538400 | N/m
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2D Beam-Stick FSSI Seismic Analysis for Vertical Actions

Attributes ¥ & X |General Properties X
EMtayers [Slcroups &battrib.., (B Analy.. o Utiliti... [F Repo...
=] Bl
(=3 Example_EN1998_VerticaBeamStick.mdl
'5-E3 Attributes (11) Analysis category | 2D Inplane |
21424 Mesh (4)
(-3 Point (4) Assignment to_ [Points and line ends [JThermal expansicn
: 1:Roof
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423 Material (4)
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& 2V Free
Name |FluidRigid v[EH@
Close Cancel Apply Help

Fig 230 Fluid-Rigid Properties in a Beam-Stick Model for Vertical Actions

Pile(k)_NoRoofTank(M)

3) Mass for Outer&Inner Tank
Component

Remark

m_g Tank 53,662,366 kg mass at top of pile = total mass - LNG - roof

4) Mass & Stiffness for Pile

Component

K_gie 225,023,300,000 N/m
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Examples — User Inputs

Attributes v ax

General Properties
[Erayers [Flcroups & attrib... (B Analy... o utiliti.. (3 Repo..
(=423 Example_EN 1998 _VerticalBeamstick mdl
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& 21 Free

[] Damping
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¥ E @

Cancel Apply Help

Fig 231 Material Properties for Pile(k)_NoRoofTank(M) in Beam-Stick Model for
Vertical Actions

Viewing Results
Value

The Layers panel in the LUSAS Modeller user interface controls what is displayed
in the View window.

e Select the Values layer and choose Force/Moment — Thick 2D Beam for

Entity, Fx for Component to display the Axial Forces.
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2D Beam-Stick FSSI Seismic Analysis for Vertical Actions

Layers vax LUSAS View: Example_EN1998_ VerticalBeamstickmdl Window 1 x
[EPLayers [BlGroups b Attrib... () Analy... o Utiliti.. [F Repo...  |[RE[T0 R A 20 : E - 50 . . ... .. .60
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i) Geometry By
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= 32 201E6 Display on slice(s
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=
[ View axes Detais... 09.711E6

Fig 232 Axial Forces from Beam-Stick Model for Vertical Actions

o Set the Values Display to show all values (i.e. set 100% for both maximum and
minimum), and set the Response Spectrum CQC active.

The axial forces for each joint element are displayed as shown below. The axial forces
effectively represent the forces of each member (roof, liquid) acting on the slab.
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Examples — User

Inputs

Value Results | Values Display

Entity Force/Moment
Component |Fx

Locaton | Averaged nodal

x

Display on sice(s)

Close Cancel

Value Results  Values Display

Apply Hel

[ IDeform

Failure details...

[show values of gelection

[“]Symbols MMasxima 000 |
[Avalues T

(®) Sigrificant figures

s E

(O Decimal places
Show trailing zeros

Pen  Symbol

Pen #19 = El Choose pen...

Close Cancel

Choose font...

Font angle

Apply Help
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[P Layers roups ¢ Attrib... (5) Analy... o Utiliti... [Z Repo...
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1S Post
o

LUSAS View: Example_EN1998_VerticalBeamstick.mal

esponse Spectrum SF Set Active
%% Model properties
Print Modal Forces.

Edit...

Copy

B paste

Rename

X Delete
< >
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S 00, 10, ..
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Fig 233 Axial Forces for CQC combination from Beam-Stick Model for Vertical

Actions
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