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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 requires 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 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

e 3D Shell Static Structural Analysis

¢ 3D Shell Eigenvalue Analysis

e 2D Beam-Stick FSSI Seismic Analysis

e Export Forces from the 2D Axisymmetric Model
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e Export Forces from the 3D Shell Model

e Export Temperature




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. As the roof of double steel tank is not axisymmetric due to the
discrete polar beams and bracings, 2D model should not be adopted. However, 2D
solid model for thermal analysis is required, so for the roof plate and the polar beams
are modelled with 2D axisymmetric solid elements and for the lateral rings are
modelled with 2D axisymmetric shell elements.

Groups / Materials

Model features are defined in individual groups for easier post-processing and updating
of the model.

Group Key L“ Z\

- Material Key
BaseSlab Analysis: Analysis 1
Wall

Roof
Roof i
Roof Frames . . l a}gf”ener
Roof Upper Compression Ring BaseSlab
Multiple assignments B Roof Upper Compression Ring

Roof Frame Equiv End
| Roof Frame Equiv 1
Roof Frame Equiv 2
Conn Plate Equiv End
Roof Frame Equiv 3

Lateral Beam Equiv 3
Lateral Beam Equiv 2
Lateral Beam Equiv 1

A

e L.,
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 X
Tank type Target models to build
Material : Metaliic 5 [] 2D axisymmetric coupled thermalistructural
. Mz 5 []2D beam-stick seismic []3D shell structural
Tank Definiton Load

Base Slab Wall Roof Lateral Roof Polar Beam Section Materials Support (2D)

Support type

Update from Support(3D)

Vetical Horizontal ~l

Fig 2 Support Types Available
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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.

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.

— e
—_ —
— e 4
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Fig 3 Support Types for a 2D Axisymmetric Static Model (Pile Support/ Regular
Support)

Loadings

Only the outer 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 Material Key -
BaseSlab Analysis: Analysis 1 )
Wall Roof
Roof >
Roof Frames . . l \S,\}'a“f”er
Roof Upper Compression Ring BaseSlab
Multiple assignments B Roof Upper Compression Ring

Roof Frame Equiv End
L Roof Frame Equiv 1
Roof Frame Equiv 2
Conn Plate Equiv End
Roof Frame Equiv 3

Lateral Beam Equiv 3
Lateral Beam Equiv 2
Lateral Beam Equiv 1

A

e .-

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

Eighteen 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. 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 ~No.16 2)+ Wall 1 ~Wall 14
No. 17 16) + Roof
No. 18 17) + Other Loadings

Table 1 Sequence of Construction Stages
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.




2D Axisymmetric Construction Stage Analysis

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 | LNG Tank |
Working folder
() Recent | C:\Users\ohsso\Downloads |
(®) User-defined | C:\Users\ohsso\Documents\LUSAS200\Projects ‘ Set...

Model properties

Analysis type Coupled thermal/structural ~ | Model units N,m,kg,s,C ~
Analysis category 2D Axisymmetric ~ | Timescale units Seconds @
Optional

Startup template | None ¥ ... Layoutgrid None v
Title |

Job number | |

Fig 6 New Model Dialog Setting Thermal/Structural Coupled Analysis
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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
‘ZD Axisymmetric ‘ 2D Axisymmetric ‘
Structural Thermal Structural Thermal
@) Element description @) Regular mesh Element description (@) Regular mesh
Element type 7] Allow transition pattern Thermal element type [] Allows transition pattern
Adsymmetric solid = (Gt = Axisymmetric solid field 7] Allow irreguiar mesh
<]
Element shape [ Automatie . Element shape [~] Automatic
Element size ze |10
Quadrilateral - G e Element size
Interpolation order Local x divisions 0 Interpolation order Local x divisions | 0
neai e Local y divisions 0 LTz Local y divisions 0
() Element name (O 1rregular mesh Element name () Irregular mesh
QAX4M Foreiamn D QxF4 Element size | 1.0
Name |Axisymmetnc5uhd v [ @2y Name |"oﬂsvrﬂfﬂﬂtﬂcsﬂ“d v 2 42)
e W o = coneat | [ o el

Fig 7 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

BaseSlab
Wall
Roof

Insulation
I Roof Frames ) )
Roof Upper Compression Ring

Soil )
Multiple assignments

Fig 8 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 for soil depth at which a constant temperature is maintained defined in Tank
Definition is used if the ‘Include soil” option is checked. It is assumed that at the
defined soil depth, a user-defined temperature is maintained.

10
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Group Key

BaseSlab
Wall
Roof

Insulation
Roof Frames . .
Roof Upper Compression Ring

Soll
Multiple assignments

-

Fig 9 Mesh for 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 Group Key
l Eas?slab . Eas?slab
00f 00f
Roof Frames Roof Frames

Levelling concrete Levelling concrete
ry San B Dry San
Céllular Glass(Type1) Cellular Glass(Type1)

L Perlite Concrete(Base Slab) . Perlite Concrete(Base Slab)
Loose Fill Expanded Perlite(Wall Loose Fill Expanded Perlite(Wall)
Resilient Glass Fibre Blanket(Wall) Resilient Glass Fibre Blanket(Wall)
Glass Fibre Blanket(Roof) Glass Fibre Blanket(Roof)

Il Multiple assignments Il Multiple assignments

1 B

Fig 10 Group Assignments in 2D Axisymmetric Thermal Analysis Model
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Material Key
Analysis: Analysis 1 (Thermal)
I BaseSlab _
Wall
B Roof
Roof Upper Compression Ring
B Sstiffener
Soil
Levelling concrete
Dry San
Cellular Glass(Type1)
Perlite Concrete(Base Slab)
Loose Fill Expanded Perlite(Wall)
Resilient Glass Fibre Blanket(Wall)
Glass Fibre Blanket(Roof)
Roof Frame Equiv 1 (Thermal) A
Roof Frame Equiv 2 (Thermal)
Roof Frame Equiv 3 (Thermal) X
Roof Frame Equiv End (Thermal)
Conn Plate Equiv End (Thermal)

Fig 11 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.

12



2D Axisymmetric Thermal Analysis

Analyses ¥ B X " LUSAS View: teest Thermal.mdl Window 1 X
[Slcrou... SeAttri.. (QAnal.. g utilit.. ERrepo.. [BLayers [ ~10.0 0.0 10.0 20.0 300 400 500 600 ____ 700

Siteest_Thermal.mdl
£ &3 Thermal analyses
= Analysis 1 (Thermal)
£ Material
@ Thermal surface
@ 2:Initial Condition(Thermal)
£ @ Loading
1:Initial Temperature of Structure (x 1.0)
2:Initial Temperature of Soil (x 1.0)
[orlinear and Transien
= (% 4:0perating Condition(Thermal)
-2 Supports
i @ Loading
% Nonlinear and Transient

50.0

n]e-2

40.0

Loading Key
Analysis: Analysis 1 (Thermal)

30.0

. 6:Spillage 1 Condition(Thermal) Loadcase: 2:Initial Condition(Thermal)
Supposts Initial Temperature of Structure
Initial Temperature of Soil

QO Loading
% Nonlinear and Transient
% Nonlinear analysis options
=& Structural analyses
&= Analysis 1
0 Geometric
& & Material
= 1:Initial Condition(Structural)
(-2 Supports
% Nonlinear and Transient
(% 3:0perating Condition(Structural)
% Nonlinear and Transient
(5 5:Spillage 1 Condition(Structural)
% Nonlinear and Transient
® Nonlinear analysis options
% Coupled analysis options
% Model properties

20.0

10.0

-10.0 0.0

-20.0

e

Fig 12 Thermal Analysis -1 Loadcase
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The 2™ Loadcase

Liquid temperature is assigned to inner side of the insulation.

Analyses

[Slerou.. SyAttri.. (QAnal.. & Utilit.. ERepo.. [FlLayers

= Giteest_Thermal.mdl
£ Thermal analyses
© = Analysis 1 (Thermal)
& Material
& Thermal surface
- 2:Initial Condition(Thermal)
% CiLoading
% Nonlinear and Transient

vax
I/

/@ 4:Operating Condition(Thermal)
% Q@ Supports
= @ Loading
3:Soil Bottom Constant Temperature (x 1.0)
- 4:External Temperature of Roof ( 1.0)
5:External Temperature of Wall/Slab (x 1.0)
6:External Temperature of Soil (x 1.0)
7:Liquid Temperature (x 1.0)
-~ 8:Base Heating (x 1.0)

% Nonlinear and Transient
pillage 1 Condition(Thermal)
% © Supports
4 @ Loading
% Nonlinear and Transient
% Nonlinear analysis options
&3 Structural analyses
= = Analysis 1
-2 Geometric
) C1 Material
(% L:Initial Condition(Structural)
- C Supports
@ Nonlinear and Transient
- 3:0perating Condition(Structural)
% Nonlinear and Transient
:Spillage 1 Condition(Structural)
% Nonlinear and Transient
4 Nonlinear analysis options
% Coupled analysis options
% Model properties

=l

LUSAS View: teest Thermal.mdl Window 1 X |
VX -10.0 0.0 10.0 20.0 30.0 40.0
3 Loading Key
Analysis: Analysis 1 (Thermal)
Loadcase: 4:0Operating Condition(Thermal)
° Soil Bottom Constant Temperature
] External Temperature of Roof
External Temperature of Wall/Slab
External Temperature of Soil
o || Liqéjid Temperature
2 Base Heating
A

Fig 13 Thermal Analysis — 2" Loadcase
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2D Axisymmetric Thermal Analysis

If Base Heating temperature is specified from the Input Dialog, a Prescribed
Temperature loading is defined and assigned to the base heating line.

Prescribed X

@© Total O Incremental

Free Fixed Temperature

Temperature O ® 50

Name | Base Heating V|8

(e Apply Help

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

15
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Base heating temperature is assigned to the selected line as shown in [Fig 20]. 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 | Function Limits
O Local coordinates assi

p
(transformed freeds [_]Min. x coordinate Max. x coordinate
(O Specified local coordi 46.5
1 3:LocalCoq
[CIMin. y coordinate [[]Max. y coordinate
[JMin. z coordinate [[JMax. z coordinatel

v |5 (new)

Name | Base Heating

OK Cancel Apply Help

Fig 15 Base Heating Temperature Variation in a 2D Axisymmetric Thermal Analysis
Model

16
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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.

Analyses vax LUSAS View: teest_Thermal.mdl Window 1 X
[Slerou.. ¢oAtti.. (RAnal.. g utilit.. [ERepo... [Ellayers X 0.0 10.0 200 300 400 500 60.0 700
3 Loading A
3:Soil Bottom Constant Temperature (x 1.
4:External Temperature of Roof (x 1.0)
5:External Temperature of Wall/Slab (x 1.
6:External Temperature of Soil (x 1.0)
7:Liquid Temperature (x 1.0)
8:Base Heating (x 1.0)
4 Nonlinear and Transient
& 6:Spillage 1 Condition(Thermal)
# 01 Supports
# & Loading
% Nonlinear and Transient
% Nonlinear analysis options
-3 Structural analyses
== Analysis 1
&0 Geometric
101 Material

50.0

o
el
™
;
3
3
&
o
°
S
&
z
o
2
2
-
a
g
2
200 30.0 400

10.0

0.0

10:Pile_10
11:Pile_11
12:X Fixed
13:Dummy Support
T % Nonlnear and Transient
(= 3:0perating Condition(Structural)
% Nonlinear and Transient
(= 5:Spillage 1 Condition(Structural)
% Nonlinear and Transient
@ Nonlinear analysis options
% Coupled analysis options
% Model properties

-10.0

-20.0

viille

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 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.

I

2

8 amil

B L s S A

Fig 17 3D Shell Model for Static Analysis

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

Groups and Materials

The main groups created are named Roof, Wall, BaseSlab, Roof Frames and Roof
Upper Compression Ring. One set of dummy elements, which work as rigid links
between Wall and BaseSlab., are grouped separately, to aid with results-processing.

18



3D Shell Static Structural Analysis

Group Key

BaseSlab
Wall
Roof

Roof Frames . 5
Roof Upper Comtfresslon Rin
Roof Frame Rigid Link to Wall

ase_Wall_Dummy
Multiple assignments

Fig 19 Groups in a 3D Shell Model

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

Material Keg

Analysis: 05 Eigenvalue Analysis
Wall(EIgeng
BaseSIabﬁ igen)
Base_Wall_Dummy
Roof(Eigen)

Stiffener
Roof Frame Rigid Link to Wall
Roof-Wall Connection Plate

Rafter Beam
Lateral Beam
Bracing

Fig 20 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.

19
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Pile Support

If “Pile Support’ is chosen in Tank Definition as shown in [Fig 32 - 31], the stiffness of
each pile should be defined further from the user input dialog as shown in [Fig 32].

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.

; Tank Definition X
| Tanktype Target models to build

Material : Metaliic v 2D axisymmetric coupled thermalistructural

Elevation Aboveground o 2D beam-stick seismic 3D shell structural

Tank Defnition| Load | Insulations| Support (3D)| Seismic| Ground|
Base Slab Wall Roof Lateral Roof Polar Beam Section Ma(aria\slSuEEml (2D) |

Support type
Updats from Support(3D)
Pile stiffnesses
Vertical Horizontal A
Spring ID Radius [m] stiffness stiffness Description Pl
[MN/mirad] [MN/mirad] ile Supports
42 592.0 479 Pile !
2 84 1.0524E3 85.1 Pile
3 126 15987E3 1277 Pile :
4 16.8 2.1049E3 1702 Pile
| Is 21.0 26311E3 2128 Pile
6 25.2 3.1573E3 255.3 Pile
7 294 3.4962E3 2827 Pile
8 329 3.7295E3 3016 Pile | Spring Number
| -
9 36.7 4.6615E3 3770 Pile . 1203
< >
Setzero Setdefaults Add Remove
Name | Tnk1 M|=[¢}}

Close Help

Fig 21 Input for Pile Locations and Stiffnesses

If ‘Simplified foundation’ for Support Type is selected, the spring support will be
assigned to each of pile locations.

20



3D Shell Static Structural Analysis

Tank Definition

X
Tank type Target models to build
Material : Metallic i 2D axisymmetric coupled thermal/structural
. e . [] 2D beam-stick seismic 3D shell structural

Tank Definiion| Load | Insulatons [ Suppor (D)) Seismic| Ground|

Base Support

Support type Circumferential Support
implified foundation Vertical Horizont A
[simpifiedfoundaion DR e o DS Add
g P [kN/m)] [kN/m]
Del
) 367 00 56 523018E3  42297E3
No.cir: 184
RolCioss I 213 2 408 00 60 523018E3  42.297E3 Setzero
X2 Cir: 156.1965E3
v Set defaults
$X2 Cross 63.7157E3 ’i 449 00 68 523 N18F3 42 997F)3
Crosswise support stiffness
Grid wizard Vertical stiffness [kN/m] 523.018E3 Horizontal stiffness [kN/m] 42.297E3
X coordinates (Units: m) Y coordinates (Units: m)
Add column
P1 P2 P3 P4 P5 P6 P7 A P1 P2 P3 P4 P5 P6 P7 ~
42 84 126 168 210 252 00 00 00 00 00 00 Add row
0.0 42 84 126 16.8 21.0 252 42 -42 42 -42 -42 -42 -42 Del column
00 42 84 126 168 210 252 84 84 84 -84 84 B4 84 Del row
0.0 42 84 126 16.8 21.0 252 -126 -126 -12.6 -12.6 -126 -12.6 -126 Setzero
v v
oo - - -- e s e 190 wee lsee o Lo laeo aeo Srp
Name | Tnk1 == )
Close Help

Fig 22 Input for Pile Locations and Stiffnesses (Simplified foundation)

However, ‘Detailed foundation’ for ‘Support Type’ is selected, additional ‘Foundation’
tab is appeared and piles are modelled based on the user inputs. The pile length is as
same as the total ‘soil depth’ defined in ‘Ground’ from Tank Definition. Either static
stiffness or dynamic stiffness for ‘Pile toe stiffness’ is assigned to bottom of the piles
and Static Soil Stiffness or Dynamic Soil Stiffness is assigned to the pile beams
according to the selected ‘Pile support options’ in the Static Analysis Dialog [Fig 36].
Piles could be added to the existing liquid tank model without piles by modifying Tank
Definition to include properties for piles and executing ‘Add foundation’ menu.

21
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Tank Definition

Tank type Target models to build
Material : Metallic e 2D e a
Elevation Aboveground v 2plbsatci s g

Tank Defintion | Load | \nsulahnns‘ISuppon (3D;|5ausmuc\ Ground|
[Base Support Foundation

Supporttype

Circumferential Support

[ 2D axisymmetic coupled thermalistructural

[]3D shell structural

.
Ib | Number of N
etailed foundation ~ i
D R [m] "if:' :;‘Z‘]a base Add .
9 supports .
Del
) 36.7 00 56 i
No. cir : 184 .
.
No.cross: 213 2 408 00 60 Setzero M
X2 Cir: 156.1965E3 .
Setdefaults
IXiCross:  637157E3 o 449 00 &8
Crosswise support stiffiness
Grid wizard
X coordinates (Units: m) ¥ coordinates (Units: m)
Add column
P1 P2 P3 P4 P5 P6 P7 A P1 P2 P3 P4 P5 PG P7 A
uu 8.4 126 168 210 252 ﬂ 0.0 00 00 0.0 0.0 00 Add row
00 42 84 126 16.8 21.0 252 -4.2 42 -4.2 4.2 -4.2 -42 -4.2 Del column
0.0 42 84 126 168 210 252 84 -84 -84 -84 -84 -84 84 Del row
00 42 84 126 168 210 252 126 126 -126 126 -126 126 -126 Setzero
v v
i - - - . aen i TR T ey P TS Y o e e
Name | Tnk1 ~1EHwm
oK Cancel Apply Help

Fig 23 Input for Pile Locations and Stiffnesses (Simplified foundation)
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3D Shell Static Structural Analysis

Tank Definition

Tank type Target models to build
Material : Metalic v e s
Elevation : Aboveground - 2D beam-stick seismic

Tank Definition | Load | Insulalionsl Support (D) Seismic| Ground |

Foundation

Type

2D axisymmetric coupled thermal/structural
3D shell structural

Include _ Height/Thickness [m]

Section shape D1 [m]
NA Circular Hollow 08 L | be
Pile (Cross) NA Circular Hollow 0.7 @’.7
01
< >
Subgrade stiffness
Vertical stiffness [MN/m/m?] 100.0 Horizontal stiffness [MN/m/m?] 100.0
Circumferential piles Vertical [kN/m] 523.018E3 Crosswise piles Vertical [kN/m] 523.018E3
Horizontal [kN/m] 42.297E3 Horizontal [kN/m] 42.297E3
- Material properties are defined in the Material tal
- Pile heights and horizontal support will follow the inputs in the Ground tab
Setzero Set defaults
Name | Tnkt MS¢))
OK Cancel Apply Help

Fig 24 Input for Pile Dimensions (Detailed foundation)
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Tank Definition

Tanktype Target models to build
Material : Metallic ¥

2D axisymmetric coupled thermal/structural

D beam-stick seismic 3D shell structural

Elevation : Aboveground v

Tank Definition| Load | Insulations | Support (3D) | Seismic]] Gmundl

ISo\I Properties |

Stiffness distribution: | Constant value v
Layer | Soildepth | Thickness | Statickh  Statickv |Dynamickh Dynamickv ~Lumped kh Description(s.” cL
No. [m] oflayer [m] f[MN/m/m] [MN/m/m] |[MN/m/m]  [MN/m/m]  [MN/m/m] ption(: )
1
0.0 0.0 0.0 00 0.0 00 00 Start of soil p |
1 20 2.0 19.0793 00382  [38.1586 0.0763 14.92E3 Backfil
Layer 1
2 4.0 2.0 329527 00659  [65.9054 01318 25.769E3  Backiil T:
ayer
3 -6.0 20 286317  0.0573 57.2634 0.1145 22.39E3 Backfill Layer 3
4 8.0 2.0 275563 00551  |55.1125 01102 21549E3  Backiil
5 -10.0 20 30.2072  0.0604 60.4143 0.1208 23622E3 Backfill Layer n
6 -12.0 20 41.3977  0.0828 82.7954 0.1656 32.373E3 Silty Sand1
7 -14.0 2.0 345307 00691 69.0614 0.1381 27.003E3 Sty Sand1 Add Setzero
B . N o R o v
’ R Remove Set defaults
Pile toe stifness
Static vertical stifiness [kN/m] 15.0E3 Static horizontal stiffness [kN/m] 15.0E3
Dynamic vertical stiffness [kN/m] [s0.0E3 Dynamic horizontal stiffness [kN/m] [s0.0E3
Name | Tnk1 V] @
oK Cancel Apply

Fig 25 Input for Pile Dimensions (Detailed foundation)

Fig 26 Support Condition for a 3D Shell Model
(Pile Support(Simplified foundation) / Regular Support)

Help
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3D Shell Static Structural Analysis
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Fig 27 Support Condition for a 3D Shell Model (Pile Support(Detailed foundation))

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. Wind load can be added using LNG Tank> Add loading> Wind... menu.
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LNG Tank - Add wind loading X

Design code EN1891-1-4 (2005) -

Design code parameters

Basic wind velocity [m/s]
Roughness length [m]
Minimum height [m]
Orography factor

Terrain factor
Turbulence factor

Air density [kg/m"3]

Defaults Cancel Help

Fig 28 User Input for Wind Load for 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.
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LNG Tank - Base Model for Design Check

Tank definition data
Model filename

Saved model file path
Modeling options
Element size (m)

Number of eigenvalue

Number of buttress

Extruded thickness

Buttress width

Roof construction plan

Tnk1

‘C:\Users\ohsso\Documems\Lusas200\Projec1s\.mdl ‘

5.0

Single layered roof 1

Roof first stage thickness (ratio)

Initial prestress for ringbeam (ratio)

Initial prestress for base slab (ratio)

Half symmetric model

[JRigid for conn. plate

Include non-structural masses in the eigenvalue analysis

1-Base/Wall/Ringbeam

2 -Ringbeam 1stPS
m) 3 - Roof frames 1/ Inner work
(m) 4 - Roof frames 2,3

5 - Roof wet / Roof complete

6 - Ringbeam 2nd PS

7 - Wall vertical PS

8 - Wall horizontal PS

Cancel Help

Fig 29 User Input for a 3D Shell Model (Half Model)
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Fig 30 3D Shell Model (Half Model)

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) 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.’
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LNG Tank - Base Model for Design Check

Tank definition data
Model filename

Saved model file path
Modeling options
Element size (m)

Number of eigenvalue

Number of buttress

Extruded thickness

Buttress width

Roof construction plan

Tnk1

‘C:\Users\ohsso\Documents\Lusas200\Projects\.mdl ‘

Half symmetric model

[JRigid for conn. plate

I Include non-structural masses in the eigenvalue analysis I

5.0

Single layered roof 1

Roof first stage thickness (ratio) 1.0

Initial prestress for ringbeam (ratio) 1

Initial prestress for base slab (ratio) 0.5

- Base / Wall/ Ringbeam

- Ringbeam 1stPS

- Roof frames 1/ Inner work
- Roof frames 2,3

- Roof wet / Roof complete
- Ringbeam 2nd PS

- Wall vertical PS

- Wall horizontal PS

[ I e I T A S

Cancel

Help

Fig 31 User Input for Eigenvalue Analysis Model including Non-Structural Masses
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Summary of Mass Calculation

DIMENSION

Componenf
Inner Tank Radius 421
Tank Height 40.06|
LNG Height 38.92

SUMMARY FOR MASS
Volume Unit mass. Structural mass Total mass [ AT LiE
Component mass
m’ I;g,’m3 kg, kg
Roof plate 106 7,800 825,740 2,935,740 27,731
Lateral beam 3.93e-01 7,800 3.07e+03 3,066 7,800
Polar beam 9.11E+00| 7,800 7.11E+04 71,086 7,800
Bracing 1.29e-01 7,800 1.00E+03 1,003 7,800
wall 117 7,800 912,893 1,736,893 14,840
Baseslab 8,719 2,500 21,797,085 24,925,085 2,859
LNG 216,714 480 104,022,703 104,022,703 480
Inner Tank 316 7,850 2,475,105 2,799,105 8,863
MASS DETAILS
Component Descriptions Mass (kg)
Roof Roof plate (= Roof plate volume * unit steel mass) 825,740
Roof liner + 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 -
Total 2,935,740
Ring Beam Ring Beam (= Ring Beam volume * unit steel mass) -

wall barrier plate -
wall piping and support -

Others -
Total -
Outer Wall 'Wall (= Wall volume * unit steel mass) 912,893
corner protection 242,000
wall barrier plate 494,000
wall piping and support 88,000
Others -
Total 1,736,893
Base Slab Base (= Base slab volume * unit steel mass) 21,797,085
Others 3,128,000
Total 24,925,085
Inner Steel Tank Inner Steel tank ( = Steel tank volume * steel mass) 2,479,105
shell stiffener 45,000
shell insulation(50%) -
top girder -
Others 275,000
Total 2,799,105
LNG LNG (= LNG volume * unit LNG mass) 104,022,703
Total 104,022,703

Fig 32 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

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

LNG Tank - Base Model for Design Check X

Tank definition data Tnk1 v

Model filename ‘ ‘

Saved model file path ‘C:\Users\ohsso\Documents\LusasZOO\P rojects\.mdl ‘

Modeling options

Element size (m) Half symmetric model [JRigid for conn. plate
nclude tempo ary ::irh:}l
Number of eigenvalue “0 ‘I Include non-structural masses in the eigenvalue analysis

Construction Scenario -

()]

ayered roof 1

Number of buttress 0 1-Base/Wall/ Ringbeam
10 2 -Ringbeam 1stPS
Exrucecithickness ; m 3 - Roof frames 1/ Inner work
HBIEES T =0 (m) 4 - Roof frames 2,3
5 - Roof wet / Roof complete
Roof/ Ringbeam 6 - Ringbeam 2nd PS
Roof construction plan Single layered roof 1 7-Wall veriical PS
8 - Wall horizontal PS
Roof first stage thickness (ratio) 1.0
Initial prestress for ringbeam (ratio) 1
Initial prestress for base slab (ratio) 0.5

Fig 33 User Input for a 3D Shell Model for Eigenvalue Analysis
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Analyses

v ax /// LUSAS View: 3D Shelll Full.mdl Window 1 X

[Slerou... feAttri.. (RAnal.. & Utiliti.. ERepo.. [@lLayers
-

13 3D Shelll Full.mdl
=3 Structural analyses
#%= 01 Base Analysis
&= 02 Seismic Analysis
(= 03 Staged Construction Analysis
== 05 Eigenvalue Analysis
&0 Material

. 44:Figenvalue
elll_Full~05 Eigenvalue Analysis.mys Step: 1

44:Mode 1 Frequency = 0.873813
+7 44:Mode 2 Frequency = 0.873925
" 44:Mode 3 Frequency = 0.875301
7 44:Mode 4 Frequency = 0.875585
7 44:Mode 5 Frequency = 0.878403
* 44:Mode 6 Frequency = 0.878773
 44:Mode 7 Frequency = 0.883982
" 44:Mode 8 Frequency = 0.884235
= 44:Mode 9 Frequency = 0,895095
& 44:Mode 10 Frequency = 0.897888

=13 Post processing

N -80.0 70.0 -60.0 -50.0 -40.0 -30.0
T
Eigenvalue X
Solution Frequency v Value |
Number of eigenvalues 10 |
Shiftto be applied 0.0
[JInclude modal damping Set damping...
Eigenvalues required Minimum v
Range specified as
Frequency Eigenvalue
Eigenvector normalisation Type of eigensolver |Default v
Ounity @ Mass O stiffness
Sturm sequence check for missing eigenvalue
[[] Convert assigned loading to mass Advanced...

Fig 34 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 steel 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 46].

Roof Joint —

Steel tank wall —_

Liquid convective mass joint
— Liquid impulsive mass joint

___ Steel inner tank

~_ Rigid beam
pilebeams —  £™X

— Soil joint

Fig 35 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

Roof is idealized by a single series of beam element with Circular Hollow Section.

Geometric Properties are computed based user inputs and assigned as illustrated in [Fig
51].

Geometric Key
Analysis: Analysis 1

ConnectionPart
JointGeometric

Pile
BaseSlab (CSS D=

=93)

I WallRing_1 (CHS D=86.416 t=0.008)
WallRing_2 (CHS D=86.416 t=0.008)
WallRing_3 (CHS D=86.416 t=0.008)
WallRing_4 (CHS D=86.416 t=0.008)
WallRing_5 (CHS D=86.416 t=0.008)
WallRing_6 (CHS D=86.416 t=0.008)
WallRing_7 (CHS D=86.416 t=0.008)
WallRing_8 (CHS D=86.416 t=0.008)
WallRing_9 (CHS D=86.416 t=0.008)
WallRing_10 (CHS D=86.416 t=0.008)
WallRing_11 (CHS D=86.416 t=0.008)
WallRing_12 (CHS D=86.416 t=0.008)
WallRing_13 (CHS D=86.416 t=0.008)
Others

Fig 36 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 52].

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 computations are
summarized as a spreadsheet and saved in the working folder with filename of ‘<model
name> <code name> HorizontalBeamStick.xlIsx’. (See [Fig 53] and [Fig 54])
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Material Key
Analysis: Analysis 1

InnerTank
Wall
Roof Upper Compression Ring

ConnectionPart

I BaseSlab
SoilSpring
Pile
LNGMass Convective
Foundation Rocking
LNGMass Impulsive
Multiple assignments

Fig 37 Material Properties in a Beam-Stick Horizontal Model
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3) Stiffness for Impulsive Mass

Component Value Unit Remark
0.92447 LG height divided by inner tank radius
o 480.0000 kg/m?® | mass density of LNG
Es 2.00E+11|  N/m® _|modulus of elasticity of inner tank material
s 00348 m |equivatent uniform thickness of inner tank wall
[ 6.51359 coeficients for determining the fundemental frequency
Timp 0.43182] s fundamenta! period of oscillation of the tank (plus the impul
ki 11,325,839,357 N/m

CALCULATED PROPERTIES FOR VERTICAL MODEL

1) Mass & Stiffness for Roof
Component Value Unit Remark
Mot 3,015,865 kg |massofroof
SUMMARY FOR MASS T 5 e
Volume Unitmass  Structural mass  Total mass | oUvalentunit T L s fundamental pe the ot
Component mass o WAl wm
m kg/m’® kg/m’
Roof 103 7,800 825740 | 3,015865 8812 s NG
LaterallBearn) ol ) a0 = = Component Value Unit Remark
oleqbEem 2 uE utu - - HR 0.924 LG height divided by inner tank radius
Bracing o 7,800 1,003 = i o 500000 tgi? s ensiyorne
e - L = - ~ Es 2006411]  N/m’ _|modulus of elasticiy of inner tank material
P & Buttress 117 7,800 912,893 1,736,893 14,840 ™ o3l E———
Baseslab 8,719 2,500 | 21,797,085 | 24,925,085 2,859
e G 0] e oAl a0l @ 00361 m_|wellthickness forg = 13 € = 2Hh)
};Mr Tank 56 7850]  2479,105 2,799,105 3863 () 1.0565 0s<y<s:1078:0274 In(y) , y<08 - 1 (A41a, A¢1D)
T Py 16,085 | kg/m?__|hvdrodynamic pressure on the wall base, from A.40.
m e 89,566,808 kg |mass of ING (radial breathing),ref. A40.
CALCULATED PROPERTIES FOR HORIZONTAL MODEL
1) LNG Mass & Height
18P (Including Base Pressure) Pu 18,681.6000 kg/m?___|nydrodynamic pressure on the wiall, from A.17
Lever am m v (3) 104,022,703 kg |moss of ING (rigidly moving) ref. AL7
Component e/ m MM mess height E
o g v 0.9245 /R
m(mi), Kg | he{hi), m " L699140) B
Y 32.77 | Tolva) 18629 [oessel function order 0
LNG Impulsive 0924 051 079] 53,494,849 | 3088 v 11953 bessel fanction order 1
EEP (Excluding Base Pressire) I fus 24734 Hz __|fundemental frequency of oscillation o the liquid
— s le::g - T .00 +[fndomentalperod o oxcilation ofte i
G el m ke 21631229542 N/m
Ko 21631,229542194300| _ N/m
LNG Impulsive 0.924 | 53,494,849 |
3) Mass for Outer&inner Tank
2) LNG convective stiffness Component Value Unit Remark
ompo Re [ 29,461,083 kg |mess attop of pile =total mass - LNG - roof
H/R 0924 i i i radius.
cc 15|  /m™? 4) Mass & Pile
Teons 9.993 s natural period of the first (convective) mode of sloshing__| o Value Unit Remark
ke 19974995 N/m P 225923300000 N/m
N N
Fig 38 Mass Summary for the Beam-Stick Model
DIMENSION [ 29.7905 mm ickness (inner tank)
Es 2006405 MPa___|modulus of elasticity of inner tank
Component Dimension(m) oe 7.8500 | kN.s?/m® _[mass density of inner tank
[ 01586 [coeficients for determining the fundamentalfrequency
< 00422 [cosficients for determining the fundamentalfrequency
wi 5473 | radfs __|circular frequency of the impulsive mode of vibration
" N e
SUMMARY FOR MASS ki 1,586,485,989 N/m
Volume Unitmass  Structural mass  Total mass | Coivalent unit
Component
= P s s \a/m® CALCULATED PROPERTIES FOR VERTICAL MODEL
Roof 103 7,800 825,740 3,015,865 8812 | | 1) Roof Mass & Stiffness
B 0 7,800 3,066 - N Component Value Unit Remark
Rafter beam 5 7,800 71,086 - B Moot 5,015,865] kg mas=ofivol
O, o 7,800 1,003 5 = 3 2 Hz illation of the roof
Connection plate A = B - . T N/A s [fundamental period of oscillation of the roof
17 7,800 912,893 1,736,893 14,840 K soor N/A N/m
8,719 2,500 21,797,085 | 24,925,085 2,859 L1
NG 216,714 480 108,022,703 | 104,022,703 480 | 2 LNG Mass & Stiffness
’T..er Tank 316 7,850 2,479,105 2,799,105 8,863 Component Value Unit Remark
mne 104,022,703 ke [mass of NG
tw 297905 mm_[over ickness (inner tank)
CALCULATED PROPERTIES FOR HORIZONTAL MODEL Es 200405 MPa_|modulus of elasticity of inner tank
1) LNG Mass & Height o 480.0000 kg/m® __|mass density of NG
e Lever arm Lever arm g 9.8070 m/sec’ |gravitational acceleration
Component height (IBP) _ height (EBP) Y 47074 |  kN/m® _|specific weight of contained liquid
molmi), ke hethi), m T 04504 s [fundamental period of ascillation of the ING
LNG Convective 48,423,053 3183 2310 e 20247,300,685 N
[LNG Impulsive [ 52,963,803 | 3336 | 14.60 |
3) Mass for Outer&lnner Tank
2) LNG convective stiffness e
Component Value Remark
g 98070 | m/sec’ |gravitational scceleration
A 5.8106 | m'/s |coefficientas defined in 934 .
we 06332 | _rad/s queney =l i
Tc 99223 s natural period of the first (convective) mode of loshing Componen Valve Uit Remark
ke 19,417,270 N/m K gite P ) N/m
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Fig 39 Computation Summary of Liquid Masses for the Beam-Stick Model

The material properties for the connection beam between steel 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 55].

Group Key

BaseSlab
Wall
Roof

InnerTank
[ ConnectionPart

Pile
LNGMass Impulsive
LNGMass Convective

Foundation Rocking

SoilMaster
Multiple assignments

Fig 40 Groups in a Beam-Stick Horizontal Model

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.
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Critical damping / frequency

Critical damping (%) Freguency (1st mode, Hz) Freguency (Znd mode, Hz)
Base slab |4.|} | |'|.25 |
=
Feundation
LNG impulsive
LNG convective
Ground

Fig 41 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*ykm) 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.

Lumped stiffness for Soil properties defined in Tank Definition is used in beam stick
horizontal model.
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Tank Definition

Tank type Target models to build
Material : Metallic 2 symmetric s £ []2D axisymmetric coupled thermal/structural
Elevation - (Aboveground 5 2D beam-stick seismic D shell structural
" | e |
Tank Definition | Load | | support (3D)| f
ISo\I Properties |
Stifiness distribution: | Const@ant value v
Layer  Soildepth Thickness ~Staickh  Statickv  Dynamickh Dynamickv [Lumpedkh | .. .~ a
No. [m] offayer[m] [MN/m/m] [MN/m/m] [MN/m/m]  [MN/m/m] [ 1 )
|
00 00 00 00 00 00 h.o Start of soil p |
| — | GL
1 20 20 19.0793 00382  38.1586 0.0763 4.92E3 Backiil | el
Layer 1 _
! Piles
-
2 -40 20 3209527 0.0659  65.9054 01318 D5.769E3  [Backfl 1
Layer 2
_
E -6.0 20 286317 00573  57.2634 01145 D2 30E3 Backiil Layer 3
4 -8.0 20 275563 00551 551125 01102 D1549E3  [Backfl Layer 4
5 -100 20 302072 0.0604 60.4143 0.1208 D3.622E3  [Backfl Layern
6 -120 20 413077 00828 827954 0.1656 23733 [Sity Sand1
7 -140 20 345307 00691 69.0614. 0.1381 P7.003E3  |Silty Sand1 Add Setzero
_ S P PO P P—— - _ g
< R Remove Set defaults
Pile toe stiffness
Static vertical stiffness [kN/m] [15.083 Static horizontal stiffness [kN/m] [15.083
Dynamic vertical stifness [kNim]  |30.0E3 Dynamic horizontal stfiness kN/m] | 30.0E3
Name | Tkt ~EHw®
oK Cancel Apply Help

Fig 42 lumped stiffness for Soil Springs for Seismic Analysis
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Fig 43 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 e x

[ElGroups & Attrib... (B analy... g utiliti... (8 Repo... [Layers

| =423 test_EN1998_HorizontalBeamStick(EBF).mdl

T
T T
J Number of eigenvalues | 30
B4 Structural analyses F—_—— e — = — — T } —
- .
= ﬁnalyss 1 | B indlude modal damping - I T modsl Damping
SR e — u
-] Matenal Eigervalues required | Minimum ~
() 1iLoadease L Range: mpecified o ®viscous O structural
G Spooct "’*E 5 o 5
By Eigenvaiue Frequancy Eigenvvalue
g Use distributed damping for | All modes W
1 2:Respanse Spectrum CQC Eigenvector normalisation
&) 3:Response Spectrum SRSS O unity (®) Mass (O stiffness

iy Model properties
[[] Convert assigned loading to mass

4.0

v

Damping ratio for modes not using distributed damping

o]

Cancel Help

Fig 44 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 response 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 ¥ & X| Response Spectrum - Design Code
[GBlor.. &att. Qan. Luti. Ere. @ta

= test_Seismic_EN1998_Horizontal(EBP).mdl
=@ Utilties (6)
4 @ Variation

Design code ASCE-7-10 (2010)

@

Curve definition

s At Incremental period oo ] Maximum period /(120 s
# 1:Tnk1
3 Reference Path(2) Spectra definition
# 1:Roof .
# 2InnerTank (® Code defined Oou o IR 1
o1
o1
Parameters 012
Site class o i) 40 y

Mapped spectral acceleration at sh

Spectral data

Spectal Acceleration (S2)

Site coefficient (Fa)

eleration atone 0.1

0.8

Short period response acceleraton % ssponse accele|0.05333333333333331)
o1
o
Period (T0) o0t 04 o
4 04 15 36 66 75 96 116 18
Period (1)
Name | ASCE A-CLASS v @
Cancel Apply Help

Fig 45 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 63].

Analyses - o x N0 . -NI{H} . -180.0 . -160.0 . -|-ilﬂ 0 . -1200 . -100.0
- =
O Loyer (D croups & anibu @ anatys o Utiies O peporis[5]
-3 testACI_ACIIS0_HorizontalBeamStick({1BF).mdl
=+ Structural analyses
== Analysis 1
412 Geometric
#2] Material Excitation  Suppart Mation v| | sgt..
(@ 1:Loadcase 1 em— Y
¥ I 1
;Sunuor\s Resuls | Special «|| set.. [ Spectral Response x|
=3 Post processing Damping Modes - o
L) 2:Resp pectrum €QC Type of spectral response €QC combination !
T 3:Resp pectrum SRSS Type  |LUSAS values [“use all modes Damping variation comection Etrocods
o Moder to response spectrum

| Reseonse L:ASCE A-CLASS o

Harme | Response Spectrum CQC o

Close ancel Apply Help

e

Fig 46 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 61]), modal damping is computed during the eigenvalue analysis and
used at post-processing by selecting Damping Type as ‘LUSAS values’.

See Examples — User Inputs for more information.
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Model for vertical actions

Elements

The concept of using a beam-stick model for vertical actions is illustrated in [Fig 64].

Mass for roof Joint Element
With foundation | Stiffness d from roof frequency

Mass for liquid rigid Joint Element
1 Stiffness computed based on COP
z Mass for liquid flexible (EN only) Joint Element
1 H Stiffness computed based on COP
1
1
1
1
1

4
1
1

Mass for isolator
Isolator stiffness (= RIGID) Joint Element
/ Viscous damping with For user’s future modification
Mass for pedestal _
* Stiffness from AE/L, Viscous damping [IETE EEDT
M_BSS for raft ) . Joint Element
Stiffness from AE/L, Viscous damping

| Mass for pile
————————— & stiffness from user input Joint Element
Viscous damping

Joint Element
Mass for roof
Stiffness computed from roof frequency

|
Mass for liquid rigid Joint Element
1 Stiffness computed based on COP
Mass for liquid flexible (EN only) Joint Element
1 Stiffness computed based on COP

s . |

A
I

No foundation

FCU—

R
I

Joint Element

No mass

Joint for piles
(perhaps only for pile vertical stiffness)
Stiffness given by user

beam
(not to be modeled)

Fig 47 Beam-Stick Modelling Concept for Vertical Actions

The model is built using four joint elements as shown in [Fig 65]. Four joint elements
share the node at the location of ‘Mass for Wall & Slab & Inner tank’. The length of
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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.

s —— Mass & Joint for Roof
¢ —— Mass & Joint for Liquid rigid

+ —— Mass & Joint for Liquid flexible

I _» Mass for Wall & Slab & Inner tank
X

— Joint for Piles

Fig 48 Beam-Stick Model for Vertical Actions
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Geometric Properties

The following dataset is used.

Joint Geometric Properties >
Analysis category |ZD Inplane
[JUse jeint length
Comp [ Value
Eccentricity (ez) | 0.0
Mame |JointGeometric =]
Cancel Apply Help

Fig 49 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 67].

Material Key
Analysis: Analysis 1

Roof
FluidRigid
Il FluidFlexible
NoRoofTank(M)
I Pile

I
]

Pt

Fig 50 Material Properties in Beam-Stick Vertical Model
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Details of how masses and stiffness are calculated are summarized in a spreadsheet
form as shown in [Fig 53] and [Fig 54]. Values in red are written by the Wizard, and
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 & Stiffness for LNG

Component Value Unit Remark
H/R 0924 LNG height divided by inner tank radius
M 480.0000 kg/m’ mass density of LNG
Es 2.00E+11 N/m? medulus of elasticity of inner tank material
v 02 poisson ratio of steel
s(C) 0.0361 m wall thicknessfor = 1/3 {{ = Z/H_)
fiy) 1.0565 0.8<=y=4:1.078+0.274 In [y} , y<0.8 : 1 (Ad41a, Ad1b)
P 16,085 kg,"mz hydrodynamic pressure on the wall base, from A.40.
M_ing § 89 566,808 kg mass of LNG [radizl breathing), ref. A.40.
Pur 18,681.6000 In:‘p:vu:’r'n2 hydrodynamic pressure on the wall, from A 17
mM_ing « (3] 104,022,703 kg mass of LNG [rigidly maving), ref. A.17.
Y 0.9245 =H /R
Y1 1.699140 =m/ (2y)
lalyi) 1.8629 bessel function order 0
Iy {ywe) 1.1953 bessel function order 1
fd 2.4081 Hz fundamental frequency of o=cillation of the liquid
Ted 04153 5 fundamental period of oscillation of the liguid
k_uns 1 20,504,603,004 MN/m
K_ing - 20,504,503,003,538,400 M/m

Fig 51 Mass and Stiffness for Liquid for Beam-Stick Vertical Model

For the pile joint, the mass is 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 69]. This mass is assumed to move rigidly vertically.

3) Mass for Outer&Inner Tank
Component Value Unit Remark
m_q Tank 29,461,083 kg mass at top of pile = total mass - LNG - roof

4) Mass & Stiffness for Pile
Component Value Unit Remark
K pite 225,923,300,000 N/m

Fig 52 Mass and Stiffness for Pile Joint for Beam-Stick Vertical Model
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2D Beam-Stick FSSI Seismic Analysis

Damping Coefficients

Viscous Coefficients (calculated as the Damping Ratio * 2*v/km ) are computed for
each joint and applied.

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 69].

If foundation tab is specified in Tank Definition, it is reflected in model by connecting
joint elements in series.

Fig 53 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 : 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 71]. For example, SZ through the wall section can be used for
computing vertical axial forces and bending moment.

Stress SY

4.00E-03

3.50E-03 ‘\_\—\1_‘_.

3.00E-03
2.50E-03

2.00E-03 '\—.
1.506-03

" 1.00£.03
5.00E-04
Analysis: Analysis 1 0.00E+00

Stress SZ

Loadcase: 1:SelfWeight . ™ 0 0.002 0.004 0.006 0.008 0.01
Results file: test_2D_~Analysis 1.mys .
Entity: Stress - Axisymmetric Solid Distance

Component: SZ (Units: N/m?)

-2.23367E6 ‘
0.0
2 2ures

6.70102E6

8.9347E6

11.1684E6

13.402E6

15.6357E6
Maximum 17 0368E6 at node 2650
Minimum -3.06631E6 at node 2701

I i -

Moment of Wall_Ringbeam (Hoop)

R CACACRCRORO)

Fig 54 Converting Stress to Forces

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

U 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.

U Interval is the distance between the slicing lines that are temporarily created at
regular intervals for results calculation.
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Exporting Forces from the 2D Axisymmetric Model

ingbeam (Hoop)

Excluding base slab results at

le heads and walls

Type Moment Sign Gonvention
Location Wall_Ringbeam (4] Ioner side Tension
Direction Hoop
unit Kmim
ProssudGas Prescud L ive oad __[Snow foad_[Test10ad [ neumaic)
it 0% [E 000 7
1266 1266 174 172 00 05

ToadCase | Wax | WMin [seiWegh | I 1 [Dead load o {Dead load of [Pressure on Wl piping lofLiguid bottom{Liguid botiom[Gas
Max (imim)]  47.90 000 0% 001 050 00 008 00t 001 000 000
tin (4.mim) 000] 1265 211 014 167 381 028 oot 001 000 0w

T

Srowlozd
0a0 00 0% 000
008 008 000 000
013 018 000 000
20 003 000 000
280 . 000 .
300 Moment of Wall_Ringbeam (Hoop) 000 Moment of Wall_Ringbeam (Hoop)
350 000
i 5000 00 500
450 000 —selweight
500 s om|
5o 000 e Loads o taelStructurs
550 800 Dead Loads of Sl
650 000
700 00 00| W ——Desd load o linar and st roof
750 000
800 . 000
x 3 200 oo g om ——Dead load o stasl sructures on
900 H —Max oo £
950 2 0w —in 000 2 1000 Insulation
1000 000
1050 000
1100 000 000 o000 A | pressure on outer tank walldue to —
1150 0f0 so0 100 100 20 2300 0 300 ol s 000 odo 1w mm  w.om ,ﬂw s000 insulation
1200 000
1280 000 \ 000 1000
1300 000
1350 000 —tiquid bottom(Max]
1400 0.0 000 2000
1400 Distance(m) o Distance(m)
1550 000 Dun‘ 000 000 00 um)‘ Duu‘ 000 oo Dun‘ nw‘ nnr)‘ Dan‘ 00 Dnv‘ 000 uvnl
] - owl ool ol oml ool 0wl oo ool oml ool om oo oml 0% ow [
» | AxialForce_Hoop | AxialForce RV | ShearForce_Hoop | Shearforce RV | Moment-Hoop = Mome... @ : [« T ™

Fig 55 Section Force Spreadsheet for 2D Axisymmetric Solid Model

Roof - Exporting Forces

Analysis: Analysis 1
Loadcase: 1:SelfWeight
Results file: 2D_Axisymmetric_Solid_2D_/
Entity: Stress - Axisymmetric Solid
Component: SZ (Units: N/m?)

7.56761E6
0.0
TohieEe
B 2270786
30.2704E6
37.838E6

45.4056E6
52.9733E6

Maximum 54.4508E6 at node 2647 of element 2174
Minimum -13.6576E6 at node %665 of element 2182

LNG Tank - Export Forces/Moments to Excel(20) x
Output flanama [Test Rosfvz ]
® sorDefied

Wrking foder O Curont O

(CiUseriohssoiDocumensLusas200FrojecsiTest Roofv2_Roolisx

Target
I Oase sab OWall+ Ringbeam @Root
. Loadcases Range (X Coord)
.
. Start 00 m
14 Finish 4359 "
? 6:Pr k wall do il
3 7:1al piping losding Interval o8 m
s 5qu bosomery

o..quia botom(in)
. o )
.
.
] 15 Toutad (Preumsi
.
cancel || e

Fig 56 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/Moments to Excel (2D) ®
Output flanama [Fow Walb2
Wertog ftter Ocurent ® User Defined
Sen CUsersiohssolDocumentsLuses200 ProjectTest WellDv2 Wal Ringbeam xisx
Analysis: Analysis 1
Loadcase: 1:SelfWeight Target
Results file: 2D_Axisymmetric_Solid_2D_~Analysis 1.mys I Base biab ©®Wall+ Ringbeam Creet
Entity: Stress - Axisymmetric Solid - -
Component: SZ (Units: N/m?2) s
. 7.66T61E6 s Loadcases Range (Y Goord)
0.0 * 0 m
7.56761E6 1 Se .
15.1352E6 { s on Finish 4269 ™
22.7028E6 daton
30 2704E6 . 6 Pressure on outer tank wall dus o insuiaton — % .
37.838E6 ———
45.4056E6 YT Tintenval
52.9733E6 D——
Maximum 54.4508E6 at node 2647 of element 2174 .
Minimum -13.6576E6 at node 2665 of element 2182 e
.

ol || b
Fig 57 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

LNG Tank - Export Forces/Moments to Excel (2D) x
G s Test BazeSiabbuz
M e cann ® User Defined

Analysis: Analysis 1. o CilUsersiohssolDocuments|Lusas200Projects\Test_BaseSlabDv2_BaseSiabxisx

Loadcase: 1:SelfWeight

Results file: 2D_Axisymmetric_Solid_2D_~Analysis 1.mys I

Entity: Stress - Axisymmetric Solid Target

Component: SZ (Units: N/m?) . ©Basesan ©Wat+ Ringoeam oot

l 7 56751E6 .

X .
1755%2 ; Eg ! Loadeases Range (X Coord)

5 25 700866 1 - 2wl
30.2704E6 i . =
37.838E6 .
45.4056E6 . Interval 05 m
52.9733E6 1

Maximum 54.4508E6 at node 2647 of element 2174 3

Minimum -13.6576E6 at node 2665 of element 2182 .

Interval e
%l
HTT]

Fig 58 Exporting Forces for a 2D Axisymmetric Solid Model (Base Slab)

The ‘BaseSlab’ group is used for extracting forces. Values of ‘Start’ and ‘Finish’ for
the range are defined for X coordinates from the centre to the perimeter of the base
slab.

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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Exporting Forces from the 2D Axisymmetric Model

LNG Tank - Export Forces/Moments to Excel (2D)

Output filename [2D Extracted Forces

Working folder O Current

(® User Defined

Savein ‘F'“

\Proi

D Extracted Forces_BaseSlab.xlsx

Target

(® Base slab

Loadcases

1:SelfWeight

ead Loads of Steel Structure
3:Dead load of liner and steel roof
4:Dead load of steel structures on the roof
5:Dead load of Insulation
6:Pressure on outer tank wall due to insulation
7:Wall piping loading

13:Snow load
14:Testload (Liquid)

(O Wall + Ringbeam

O Roof

Range (X Coord)

Start:

Finish :

Interval :

Cancel Help

Fig 59 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.

LNG Tank - Export Results to Excel (3D) X
Output filename ‘test ‘
Working folder (® Current (O User Defined
Savein ‘C:\Users\ohsso\Documents\LusasZ00\Projec1s\test7[group name].xlsx ‘
Target Range
5 20 d .10; 20; 30
Angles: | 2 | degree(eg.10;20;30)
(O Base slab (O Wall + Ringbeam (O Roof @ All
interval : Il
Results to extract [[] Exclude forces on the base slab at pile heads and wall
Forces and Moments Crosswise piles : 07 [m]
Design results Circumferential piles : 0.8 [m]
Utilisations
uLs UtiliPM UtilShear PM Capacity Shear Capacity No design code is enabled
UtiiDecompression Compression Depth
Loadcases
[[] Combinations only
1:SelfWeight
2:Dead Loads of Steel Structure
3:Dead load of liner and steel roof
4:Dead load of steel structures on the roof
5:Dead load of Insulation L. .
6:Pressure on outer tank wall due to insulation Sllclng Line

7:Wall piping loading
8:Liquid bottom(Max)

9:Liquid botom(Min) Angle (Positive Direction)
10

11:Gas Pressure(Min) X axis (0 Degree)

Fig 60 Exporting Forces for a 3D Shell Model

14:Test load (Liquid)
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Exporting Forces from the 3D Shell Model

Moment of Wall_Ringbeam (Hoop)
Type Woment Sign Canvention
Location Wall_Ringbeam (¢):Inner side Tension
Direction Hoop
Unit e
ToadCas +os Deas[06ey Desal ey Deaaloseg Deaalodeg Fresals deg Waalo deg Liauao dog Uaua|o aeg Gas Pl deg Gas Flo deg e o]0 deg Swow o dog Testid0 deg. Testid s deg. sorm
Wi (- 00iT7z2 G20a] 1140075 0.086247] 000182 G113 02z
tin (-mim) 0000200 -0101490| 0169055 | 0016017 | 0001355 | -0000t91| o.000007| 0000007 0108441 | 0000007
[Win o deg_Seinweifo deg: Dead [0 deg: Dead 0 deg: Dead [0 deg:Dead [0 deg: Pressi0 deg Wallpf0 deg: Liquid[o deg: Liquia[0 deg: Gas PJ0 deg: Gas Po deg: Live [0 deg._Snow [0 deg: Testiq0 deg Testid45 deg: Seit]
000 ~001_-0000035] -0000002] -0.000052] 0000060 | _0.000000] 0000051 -0.000075 | _0.000225] _ 0000225 | -0.005347] 0005347 -0.000078 ] -0000028] _0000225] 0000221 000
0s0 1 — = S 000
o Moment of Wall_Ringbeam (Hoop) oo Moment of Wall_Ringbeam (Hoop) 2%
200 200 7 B 000
250 Y01 o des: selfweight 000
200 200 001 200000 - 000
350 000 Ia 000
00 000 300 oooonc0 | ——0deg: Dead Loads of el 000
150 00 so0 1000 1500 2000 200 3000 3500 ahoo | 500 oug odo 1000 2000 3000 4da] sooo  Stwewre 000
500 200 000 2000000 o 20 DR T P® es: vead load ofiner and seel 000
550 o0 | " 000
600 400 000 4000000 — 000
sso| | % oo % ——0eg: Desloadofsee! 000
70| | £ o0 —wex Yoo £ -so00000 structures on the 000
750 2 0 —win 000 3 ——0.des: Dead losd of naulation 000
800 00 Yoo~ -e000000 — @ 000
850 oo 000
S0 1000 Joog 10000000 —ode tankvall 000
S0 1200 ooo| due to nsulstion 050
1 12000000
1000 Y000 —odes: Walliping loading 00
1050 eco 000 000
100 Joop 14000000 S 000
e iod — 0 deg: Liauid bottom(ex) 000
1200 1000 Distancelm] Joog  "teo%aco Distance(m) L
1250 oo 000
1200 w00 0000000300000 | 0000005 | 0000010 0000001 | 0000001 | -000000T] UUOUUEY| U0000BYT U v - vovuoes 000
1250 000 000|  0000004| -0000001| -000000s| -0.000071| 0000001| 0.000001| -0.000001| 0000091| 0.000031| 0000295 | 0.000206| -00000z| -0000uzs| 0000091 000
1800 000 000| 000000¢| -0000001| -0000005| -0.000011| 0000001| 0000001 | -0.000001| 0000093 | 0.000033| 0000201| 0000301| -0000027| -0000027| 0000083 000
‘sialForce RV | Shearforce. Hoop | Shearforce RV | Moment Hoop | MomentRV | .

Fig 61 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.

Tank Definition

Tank type
Material : Metallic
Elevation : Aboveground

Target models to build
v 2D axisymmetric structural

> 2D beam-stick seismic

Tank Definion Load | Insulations| Support (3D)| Seismic| Ground |

Base Slab Wall Roof Lateral Roof Polar Beam Section Materials Support (2D)

2D axisymmetric coupled thermalistructural
3D shell structural

Base slab
Descrption Lm] Dim] ~
L
Inner part (Linner, Dinner)  [EX3 12 |
| L L
Outer part (Louter, Douter) 6.7 15 il | outer
Taper part (W) 06 00 D.m\ei ¥ Dieaig 8| oL
- Lheating | | Douer
Base Heating (Lheating,.. |46.5 0.386 ! Dground
1
| © W,
< >
Setzero Set defaults
Name | Tnki IS
oK Cancel Apply

Fig 62 Tank Definition Dialog

Help
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a

Material One of tank material type should be selected between ‘Concrete’ and
‘Double Steel’.

Elevation One of elevation type should be selected between ‘Aboveground’ and
‘Elevated/Isolated’.

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

2D Axisymmetric Coupled Thermal-Mechanical This option should be
checked for Thermal analysis where insulation should be modelled. If checked
(ticked), extra tabs for insulation properties will appear.

2D Beam-Stick Seismic This option should be checked for Seismic Analysis. If
checked (ticked) the Seismic and Ground tabs for seismic data will appear.

Structural Definition

Metallic Tank

Tank Definition X

Tank type
Material :

Elevation

Target models to build
Metallic 2 2D axisymmetric coupled thermal/structural

Aboveground o [7] 2D beam-stick seismic [£13D shell structural

lTank Defnition | Load | Insulations| Support (3D) | Seismic| Ground

Base SlabJWall  Roof Lateral Roof Polar Beam Section Materials Support (2D)

Base slab

Description Lim] D[m] ~

Inner part (Linner, Dinner)  KEE3 12 \
| L L
Outer part (Louter, Douter) 6.7 15 nner e,
_ ! _
7 Dneatag GL
Taper part (Wt) 06 0.0 Dinner ~

- Lheating | | Douter
Base Heating (Lheating, .. 465 0.386 ! Daground

<

v . W,

Setzero Setdefaults

Name | Tnki v @)

oK Cancel Apply Help

Fig 63 Tank Definition Dialog (Tank Definition/ Base Slab)
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Base Slab

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

CL
I
Linner Louter
Dmnei ¢ Dheating - 4 G.L
»
. \L‘heating VDDMQ, : N
I
. ground
|
. Wl

O Inner Part (L_inner): Defines the length of the circular part of the base slab
where the piles are arranged orthogonally.

O Inner Part (D_inner): Defines the depth of the circular part of the base slab.

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

U Outer Part (D_outer): Defines the depth of the annular part of the base slab.

U Taper Part (W_t): Defines the length of the tapered section if it is considered in
the model.

U Base Heating (L_heating, D_heating): Defines the length of heating line from
the center of the tank and 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.

O Ground Level (D_ground): Defines the height from the top surface of ground to
the bottom of the base slab. This value is used if soil is included in a thermal
analysis.
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Fig 64 Tank Definition Dialog (Tank Definition/ Wall)

Wall

Tank Definition
Tank type Target models to build
Material : Metalic e [] 2D axisymmetric coupled thermalstructural
Elevation - Aboveground . [] 2D beam-stick seismic []3D shell structural
ITank Definiion JLoad | Insulations| Support (3D)| Seismic | Ground |
Base Slab| Wall_|Roof Lateral Roof Polar Beam Section Materials Support (2D)
Radius
432
Inside radius (Rins| m
(Rins) il Inside Outside
Height / Thickness
Wall D Height(H)  Thickness SS:S:::Y Stiffener  Stage ~
[m] (T) [mm] D location  Y/N i
30 80 0 ou. Y
v =T S wall
2 30 80 0 out. Y 3
% Stiffeners
| Watmsdeten - | [TFTTTTT e
3 30 8.0 0 Out Y
4 30 80 0 ow. 2y | gm0 s~ [T LI
Add
30 80 0 ow. |y v HH
R Remove
Corner protection (Units : m)
Corner protection start (H_bcp_s)* 0.617
Corner protection end (H_bcp_e)* 5617
o — * Guidance for comer protection inputs based on the current insulation data
Comer protection thickness (T_bcp) - Comer protection start: 0.105 or 0.567 or 0.617 or 0.6915
- Comer protection end : 5.617
Setzero Setdefaults - Comer protection thickness: 0.155
Name | Tnki V=
oK Cancel Apply

Help

Dimensions for the Wall should be entered into the boxes. The input value must be a

positive numerical value.
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COo0Do

H_r Inside Outside
H: l— _|
Hg
k- e d
H;
B P e o "
Rin i i £ wall
Hs % Stiffeners
| I g g
m Co roty Ha
- i S
Hs
Hbcp_t H
_|i-7727 ——————— — —

Inside radius (Rins): Defines the inner radius of the double steel tank wall.
Height (H): Defines the height of each wall section.
Thickness(T): Defines the thickness of each wall section.

Stiffener Section ID: Defines stiffener section ID of each wall section. Zero
should be defined if no stiffener is included in the wall section. Otherwise, you
must enter a value that matches one of the Section IDs defined in Beam Section
tab.

Stage N/Y: Defines whether the stage should be separated at each wall section.
‘Y’ should be selected if the stage should be separated at the wall section.
Otherwise ‘N’ should be selected.

Corner Protection Start: Defines the height of the corner protection start based
on the top of the base slab.

Corner Protection End: Defines the height of the corner protection end based
on the top of the base slab.

Corner Protection Thickness: Defines the thickness of corner protection.
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Tank Definition

Tank type Target models to build
Material : Metallic N 2D axisymmetric s ra [] 2D axisymmetric coupled thermal/structural
Elovation: e . 2D beam-stick seismic 3D shell structural
ITank Defintion] Load | Insulations| Support (30) | Seismic| Ground|
Base Slab Wall | Roof Lateral hom Polar Beam Section Materials Support (2D)
Roof dome
Length [mm] Angle [degree] ~ [J Roof end rounded
Dome Radius (Dr) 86.406E3 0.0 Center Ring
Dome Height (Dh) 10.374E3 0.0 v
< >
Upper compression ring / Connection plate Dome
h
Length [mm] T [mm] ~ '(";f t
Upper Comp.
Compression ring 1 10.44705E3 300 .
Compression ring 2 9.9E3 0.0 . Lateral Ring-Radius (Rn)
Compression ring 3 375.0 0.0 v I Poly,” y .
7 S Ang,” B, # Connection plate
. [ n ) Width (Lc)
J /Connection plate
Lateral ring Roof Plate Inner Dome Radius Thickness (TQ)
Ring ID Radius [mm] Section ID ~
9.0E3 0 *Dome hei¢
1 94E3 1 Add
2 219F3 1 v
< > Remove
Setzero Setdefaults
< >
Name | Tnk1 vIE @
oK Cancel Apply Help

Fig 65 Tank Definition Dialog (Tank Definition/ Roof Lateral)

Roof Lateral

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

value.
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Center Ring
>
Rc
—

) A
I Radius (1)
- Dome
Radius (2) Height
(Dh)
Upper Comp.
Lateral VRing Radius (Rn)
v
Pogar . bf .
4/,9, 8, /| / Connection plate
€ (g, - Width (Lc)
/ Connection plate

Roof Plate Inner Dome Radius Thickness (Tc)

Roof dome

a
a

a

Dome Radius (Dr): Defines the inner radius of roof.
Dome Height (Dh): Defines the height from the top of Wall to the top most of
the inner roof.

Polar beam angle (Pa): Defines the angle from the center of the roof to the left
side of the Roof End.

Upper compression ring/Connection plate

a

a

Compression ring 1 Length(mm): Defines the length of upper compression ring
1.

Compression ring 1 Thickness(mm): Defines the thickness of upper
compression ring 1.

Compression ring 2 Length(mm): Defines the length of upper compression ring
2.

Compression ring 2 Thickness(mm): Defines the thickness of upper
compression ring 2.

Compression ring 3 Length(mm): Defines the length of upper compression ring
3.

Compression ring 3 Thickness(mm): Defines the thickness of upper
compression ring 3.

Connection plate Length (Lc, mm): Defines the length of connection plate.

Connection plate Thickness (Tc, mm): Defines the thickness of connection
plate.
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Lateral Ring

U Radius(mm): Defines the radius in hoop direction of each lateral ring.

O Section ID: Defines the section ID of each lateral ring. The defined section ID
must match one of the Section IDs defined in Beam Section tab.

| Tank Definition X
Tank type Target models to build
Material : Metallic b [] 2D axisymmetric coupled thermal/structural
Elevation : oot o [] 2D beam-stick seismic 3D shell structural
ITank Definition I.oad | Insutations| Support (30)| Seismic| Ground|
| Basesiab Wall RoofLa:eralIRoo! Po\arlgeam Section Materials Support (2D)
Plate / Polar beam / Bracing
Plates No of
RinglD tickness  polsy | Polrbeam  Noof  Bracing  Bracing
sectonD  bracings type section-ID
[mm] beams
80 4 4 0 L “lo
1 80 %2 3 0 w2
2 80 %2 3 4 w2
3 80 92 3 4 RU 2
P RightUp
Setzero Setdefaults Add Remove
‘ Name | Tnki v]E @
oK Cancel Apply Help

Fig 66 Tank Definition Dialog (Tank Definition/ Roof Polar)

Roof Polar
Thickness of Roof plates, the number of stiffeners, type of stiffeners and section IDs
should be entered. The input values must be positive numerical value.
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000

Leftp Fightlp

Plates Thickness (mm): Defines the thickness of each roof plate.

No. of Polar Beam: Defines the number of polar beams defined in each ring ID.
Polar Beam Section-ID: Defines the section ID for polar beam. The defined
section ID must match one of the Section IDs defined in Beam Section tab.

No. of Bracing: Defines the number of bracings. If ‘V’, ‘A’, or ‘X’ type is
selected for Bracing Type, the number of bracing set (two beams are in a set)
should be defined.

Bracing Type: Defines the bracing type among ‘LU’, ‘RU’, “V’, ‘A’ and ‘X".
Bracing Section-ID: Defines the section ID for bracing. The defined section ID
must match one of the Section IDs defined in Beam Section tab.
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Examples — User Inputs

Tank type Target models to build
Material : Metallic V D 2D axisymmetric coupled thermal/structural
Elsvation) Aboveground o [“]12D beam-stick seismic 3D shell structural

'Tank Definiion | Load | Insuiations | Support (3D)| Seismic| Ground|
| BaseSlab Wall Roof Lateral Roo'Pa\arI Beam Section llla!erials Support (2D)

Beam Section Roof  Wall
3 L2 © 13 [
Shape L1 [mm] [mm] [mm] mm] [mm] [mm] r[mm]
I(nofla.. 1000 100 00 00 00 00 00 Outside Roof
2 U " 1000 100 2000 100 00 00 T A A—
o Count Clockwise Welding
3 | 1000 100 2000 100 800 100 10.0 Towards Cente
c s.t ey, =
4 | “l1000 100 500 100 800 10.0 100 Clockwise
Towards edge
[
tl
I (no flanges)
&y 5
T T
. L
welding T, Welding
0
I (no flanges) |
Setzero Set defaults Add Remove
Name | Tnk1 V=@

Fig 67 Tank Definition Dialog (Tank Definition/ Beam Section)

Beam Section

Dimensions for the beam sections should be entered into the boxes. The input value
must be a positive numerical value.

L.
t, t, 3
e = T

Weldin Weldin
Welding | Iy 04 4n T 9

Ly L

I without flange L I with flange

U Shape: Defines the shape of section
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® [ without flange
- L1, T1 are required

e L
-L1, T1, L2, T2 are required

® [ with flange
-L1, T1, L2, T2, L3, T3, r are required

Tank type Target models to build
Material Metalic > 2 e 2D axisymmetric coupled thermalstructural
Trros Aboveground v 2D beam-stick seismic 3D shell structural
Tank Definiion | Load [[insuratons Jsupport (3D)| Seismic| Ground|
Base insulations (Units: m) (Upto 6 segments can be defined for each Layer) ~
Layer 1 Layer2 Layer3 Layer 4 Layer5 Layer 6 Layer7 Layer 8 s Base and Wall Insulation
et zero
D Length Thickness "\ga'e”a‘ ]
Set defaults 'Ry
17 0.105 1 “T ,’[
2 415 0105 2 Add
Remove N
Wallinsulations (Units: m)
Layer 1 Layer2 Layer3 Layer4 Layer5 Layer6 StrtPostion NG Tank anter
f Wall Insulalon]
) Material Setzero Z e .
D Length Thickness ‘Da enal = Bt
Setdefaults NN " o fasa Layer 4
4.9255 0.155 3 F\ Il il Y Base Layer 3
v
W, N NN Base ayer 2
2 360485 0155 5 Add . = Base Layer 1
Reference
0= (00)
Remove
Roof insulations (Units: m)
Layer1 Layer2 Layer3 Layerd Roof Insulation
Mat ! Setzero
D Length Thickness "Ja enal
Setdefaults
0.4829 0.745 5 Roof Layer 1
2 421 0.745 7 Add .
Name [ Tnk1 ==K

oK Cancel Apply Help

Fig 68 Tank Definition Dialog (Tank Definition/ Insulation)

O 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.

Q 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.

65



Examples — User Inputs

O

Material ID: 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.

OO0 0o

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.

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.

TReference point

Several examples of defining wall and roof insulation follow:
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Roof Insulation
Layer 1

Roof Insulation
Layer 1

Reference point

Case 1 Case 2

Roof Insulation

Roof Insulation
Layer 1

Layer 1

Case 3 Case 4
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Examples — User Inputs

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

Case 2

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 < the length of the 1% segment of roof
insulation layer1

Case 3

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

e Length of wall insulation layer3 + Thickness of roof insulation layer1 < Length
of wall insulation layer2

e Thickness of wall insulation layer3 = Length of the 1% segment of roof
insulation layerl
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Case 4

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

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

e Thickness of wall insulation layer3 < the length of the 1% segment of roof
insulation layer1

Case 5

3 wall insulation layers and 1 roof insulation layer are defined
e Length of wall insulation layerl/Layer2 and Layer3 are identical

e Thickness of wall insulation layer3 < the length of the 1 segment of roof
insulation layer1

Case 6

2 wall insulation layers and 1 roof insulation layer defined.

e Length of wall insulation layer2 + the thickness of roof insulation layer1 = the
length of wall insulation layerl

e Thickness of wall insulation layer2 = the length of the 1 segment of roof
insulation layer1
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Material Properties

Tank Definition X
Tank type Target models to build
Material : Metallic 4 2D axisymmetric coupled thermal/structural
. e 2D beam-stick seismic 3D shell structural

Tank Definfion Load | Insulations| Support (3D)| Seismic| Ground |
Base Slab Wall _Roof Lateral Roof Polar Beam Sectof] Matsrials Jsupport (2D)

Materl D Elsiemoduis Possonsralo Messdonsty  CTE(@re, il Heolosbos gy :
[Wms.C]

Concrete (Base) 35.0E9 02 2.5E3 10.0E-6 20 2.257E6 BaseSlab

Concrete (Wall) 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Wall

Concrete (Roof) 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Roof

Steel (Upper compression ring) ~ 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Roof Upper Compression Ring

Polar Beam 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Rafter Beam

Lateral Beam 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Lateral Beam

Bracing 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Bracing

Connection Plate 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Bracing

Raft 35.0E9 0.2 25E3 10.0E-6 0.0 0.0 Raft

Pile (Cir) 35.0E9 02 2.5E3 10.0E-6 0.0 0.0 Pile (Cir) v

*Isolator properties can be defined for various types from modeler and should be defined and assigned manually.

Setzero Set defaults

Name | Tnk1 YE o

oK Cancel Apply Help

Fig 69 Tank Definition Dialog (Tank Definition—Materials)

The Tank Definition / Materials tab contains the material properties for the Concrete
(Base), Steel (wall), Steel (Roof), Steel (Upper compression ring), Polar Beam, Lateral
Beam, Bracing, Connection Plate, Pile(Cr) and Pile(Cross) required for the modelling
the structure. Thermal Conductivity and Heat capacity should be entered only when
thermal analysis is carried out.
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Tank type Target models to build
Material : Metallic v []12D axisymmetric coupled thermal/structural
Elevation - T » []12D beam-stick seismic [413D shell structural

Tank Defiiion| Load [insulations Jpupport (3D)| Seismic| Ground|

Dimensmnl Materials I
Elastic modulus  Poisson'sratio  Density (tho, ~ CTE (alpha, Thermal Heat capacity
Material ID [E, Nim?] ") Tkg/m*]) RIS conductivity Wim*IC] Description
[UmsC]
1.0 0.2 0.0 10.0E-6 20 1.97E6 Soil
1 1.0 0.2 0.0 10.0E-6 20 2.257E6 Levelling concrete
2 1.0 02 0.0 10.0E-6 079 2.257E6 Dry Sand
3 1.0 02 0.0 10.0E-6 0.0446 90.4344E3 Cellular Glass(Type1)
4 1.0 0.2 0.0 10.0E-6 027 753.163E3 Perlite Concrete(Base Slab)
5 1.0 0.2 0.0 10.0E-6 0.0411 51.2E3 Loose Fill Expanded Periite(Wall)
6 1.0 02 0.0 10.0E-6 0.032 9.6E3 Resilient Glass Fibre Blanket(Wally
7 1.0 02 0.0 10.0E-6 0.0372 18.0627E3 Glass Fibre Blanket(Roof)
Setzero Setdefaults Add Remove
Name | Tnk1 | 6))
oK Cancel Apply Help

Fig 70 Tank Definition Dialog (Insulations / Materials)

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
Tank Definition tab
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Examples — User Inputs

Boundary Conditions

Tank Definition X
Tank type Target models to build
Material Metallic = []2D axisymmetric coupled thermal/structural
Elovation : s . []2D beam-stick seismic 13D shell structural

| Tank Definfion JLoad | Insulations| Support (3D)| Seismic| Ground|
Base Slab Wall Roof Lateral RoofPolar Beam Section Materials| Support (2D)

Supporttype

Distibuted spring support Vertical stifiness 10E3 IMN/m/e] Horizontal stifiness 20E3 ] [MNmim]

Distributed Spring Supports
'

Setzero Setdefaults

Name [ Tnk1 V=@

oK Cancel Apply Help
Fig 71 Tank Definition Dialog (Support(2D)- Distributed spring support)

Support Type

This tab defines the support type for the bottom of the base slab. Options are: ‘Fixed
Support’, ‘Pile Support’ or ‘Distributed spring 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 ‘Distributed spring 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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Tank Definition X
Tank type Target models to build
Material Metallic v [] 2D axisymmetric coupled thermal/structural
Elevation : Aboveground o 2D beam-stick seismic 3D shell structural

Fank Definition ILuad | Insulations| Support (3D) | Seismic| Ground |

Base Slab Wall Roof Lateral Roof Polar Beam Section MatsrialslSuppurl(?D)l

Support type
Pile Support v Update from Support(3D)
Pile stiffnesses
Vertical Horizontal ~
Spring ID Radius [m] stifiness stiffness Description Pile Support
[MN/m/rad] [MN/m/rad] 15 Supports
42 5920 479 Pile
2 84 1.0524E3 85.1 Pile
3 126 1.5987E3 127.7 Pile
4 168 2.1049E3 1702 Pile
5 21.0 26311E3 2128 Pile
6 252 3.1573€3 2553 Pile
7 204 34962E3 2827 Pile
8 329 3.7295E3 3016 Pile | Spring Number
9 367 4.6615E3 377.0 Pile . 123
< >
Setzero Set defaults Add Remove
Name | Tnki MESL¢)]

oK Cancel Apply Help

Fig 72 Tank Definition Dialog (Support(2D)- 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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Loading
Tank Definition X
Tank type Target models to build
Material : Metallic N4 D 2D axisymmetric coupled thermal/structural
Elevation [baveground o [7]2D beam-stick seismic 3D shell structural

Tank Definition nsulaﬁonsl Support (3D)| Seismic| Ground
Stuctural Dead Loading |ptructural Variable Loading Thermal Loading

Load type Notation  Dimension [m] L’S',”me] NI pescription "
- Dead load of steel structure
Dead Loads of Steel Str.. (R 421 1343 Steel Structure_q1 ; , |

Dead Loads of Steel Str... q_2 0.0 0.0 Steel Structure_q2
Dead Loads of Steel Str... q_3 0.0 0.0 Steel Structure_q3
Dead Loads of Steel Str... q_4 0.0 0.0 Steel Structure_g4
Dead Loads of Steel Str... P 421 729 Steel Structure_P
Dead Loads of Steel Str... q_r 421 0.098 Steel Structure_qr
Dead load of linerand st... q_1 432 0.404 Liner_base1
Dead load of linerand st... q_2 00 0.0 Liner_base2
Dead load of linerand st... q_3 0.0 0.0 Liner_base3
Dead load of linerand st... q_4 0.0 0.0 Liner_base4
Dead load of linerand st... q_r_liner 432 1.095 Liner_Roof .
< >
Setzero Set defaults
Name [Tk v =)
oK Cancel Apply Help

Fig 73 Tank Definition Dialog (Load— Structural Dead Loading)

Structural Dead Loading

This defines the structural dead loading 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 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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Tank Definition X
Tank type Target models to build
Material : Metallic v [/] 2D axisymmetric coupled thermalstructural
Elevation : e - [412D beam-stick seismic 3D shell structural

Tank Definition | Load [insulations| Support (aD) | Seismic| Ground|

Il
Structural Dead LoadmgISm.lcmral Variable Loading ITharmaI Loading

- Max value Min value
Load type Notation  Dimension [m] KN/, KN/m] [KN/m?, KNm] Description| Louid Bor
- Liquid Bottom
Liquid bottom q_1_liquid 42.1 183.662 183.662 Liquid_q1 i
Liquid bottom q_2_liqud 0.0 0.0 0.0 Liquid_g2 ]
Liquid bottom q_3_liquid 0.0 0.0 0.0 Liquid_q3
Liquid bottom q_4_liquid 0.0 0.0 0.0 Liquid_q4
Gas Pressure P_g 0.0 290 290 GasPres...
Live load q_r_live 0.0 12 0.0 LiveLoad
Snow load q_r_snow 0.0 12 0.0 SnowLoad
Test load (Liquid bottom) ' P_hydro... 42.1 183.662 0.0 Hydrosta...
Testload (Liquidwall)  P_hydro.. 0.0 00 0.0 Hydrosta...
Testload (Pneumatic)  P_pneu... 0.0 12 0.0 Pneumat...
Setzero Set defaults
Name [ Tnk1 M=)
oK Cancel Apply Help

Fig 74 Tank Definition Dialog (Load — Structural Variable Loading)

Structural Variable Loading

Defines the structural variable loadings to consider in analysis.

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 Dimension[m]: 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.

U 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 Definit

Tanktype

Material

Elevation

Tank Definitio

ion X
Target models to build
Metalic 2 []2D axisymmetric coupled thermalistructural

. Aboveground o 2D beam-stick seismic [7]3D shell structural

rl Load I\nsulanens\ Support (3D) | Seismic| Ground |
et

Structural Dead Loading Structural Variable Loading I hermal LOadInE I
Load type Length [m] Erg]’“pe’a'“'e g{ﬁ%\r Type of boundary Description
Initial Temperature (Structure) 0.0 151 0.0 Prescribed " Iniial Temperature of Structure
Initial Temperature (Soil) 0.0 15.1 0.0 Prescribed " Initial Temperature of Soil
Soil Bottom Depth & Temperature 250 151 0.0 Prescribed " Soil Bottom where ‘Temperature is constant.
External Temperature 0.0 256 250 Convection " Extemal Temperature
Liquid Temperature 0.0 -170.0 166.47 Prescribed " Liquid Temperature
Base Heating 00 50 0.0 Prescribed " Base Heating
Spillage 1 38.263 -170.0 166.47 Prescribed " Spillage 1
Spillage 2 0.0 -170.0 166.47 Prescribed . Spillage 2
Spillage 3 0.0 -170.0 166.47 Prescribed " Spillage 3
Spillage 4 00 41700 166.47 Prescribed " spillage 4
Spillage 5 00 1700 166.47 Prescribed " spilage 5
U S * The temperature for base heating will only be considered if a value other than zero s defined
Name | Tnk1. M= K¢

oK Cancel Apply Help

Fig 75 Tank Definition Dialog (Load — Thermal Loading)

Thermal Loading

Q

a

Loading Type: Defines the type of temperature loading including Liquid
Temperature, External Temperature, Base Heating, Initial Temperature
(structural, soil), Soil bottom Depth & Temperature and Spillage Temperature.

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

External Temperature: Ambient temperature applied to the outer tank.

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.

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

Soil bottom Depth & Temperature: Soil bottom temperature that is applied to
bottom of the soil.
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U 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 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.

Support (3D)

Tank Definition X
Tank type Target models to build
Material Metallic o 2D axisymmetric coupled thermal/structural
Elovation® ] » []2D beam-stick seismic 3D shell structural
Tank Definition| Load |nsu|aﬁons| Support (3D) Ie\smlc Ground |
IEase Support I
‘Support type: Circumferential Support
simplified foundation ~ , Vettical  Horizont A
e ) R [m] '":':‘ tz:m N“m“';es' o ifiess stifines Add
[degree] P [kN/m] [kN/m]
Del
367 0.0 56 523018E3  42.297E3
No. cir 184
Roliess 21 2 408 00 60 523018E3  42.207E3 Sstzer
X2 Cir 156.1965E3
V| | setdefaults
N — = 449 00 68 S2201ams a0 s
Crosswise suppott stiffness
Gridwizard Vertical stifiness [kN/m] 523.018E3 Horizontal stifiness [kN/m] 42297E3
X coordinates (Units: m) Y coordinates (Units: m)
Add column
P1 P2 P3 P4 P5 P6 P A P1 P2 P3 P4 P5 P6 P7 A
42 84 126 16.8 210 252 00 0.0 0.0 0.0 0.0 0.0 Add row
00 42 84 126 168 210 252 42 -42 -4.2 -4.2 42 42 42 Del column
00 42 84 126 16.8 21.0 25.2 -84 -84 -84 -84 -84 -84 -84 Del row
00 42 84 126 16.8 210 25.2 -126 -126 -126 -1286 -126 -126 -126 Setzero
B - - . -~ aea G R 2o a0 120 izo o ses —
Name | Tnk1 Rj=ae))
oK. Cancel Apply Help

Fig 76 Tank Definition Dialog (Support (3D))

Support Type

Options are ‘Use support (2D) conditions’, ‘Simplified foundation’, or ‘Detailed
foundation’.
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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.

MNumber of piles in =

Start offset of piles in % {m)
Start offset of piles in ¥ {m)
General spacing of piles in % (m)

 General spacing of piles in % {m)

Add row in Y

Rermove row

Row in ¥ Mumber of piles in =

Lot Lot =
ol [ = i
v

Cancel &pply Help

Fig 77 Tank Definition Dialog (Pile Arrangement — Define Pile Locations)

Define pile locations

a
a

a

Uogd

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.

7
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Crosswise piles stiffness
U Vertical Stiffness: Defines the vertical stiffness of the crosswise piles.
O Horizontal Stiffness: Defines the horizontal stiffness of the crosswise piles.
O Type: Defines the name of crosswise piles which is used as dataset name.

Circumferential piles
O R: Defines the radius of the ring of piles.

QO 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.

U Number of piles: Defines the number of piles positioned the same distance from
the centre of the tank.

O Vertical Stiffness: Defines the vertical stiffness of the circumferential piles.

U Horizontal Stiffness: Defines the horizontal stiffness of the circumferential piles.

(]

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

Foundation

If ‘Detailed foundation’ for ‘Support Type’ is selected, piles are modelled with beam
elements and ‘Foundation’ tab newly appears so that input values for foundation can be
defined.
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Tank Definition X

Tank type Target models to build
Material Metallic = 2D axisymmetric structura 2D axisymmetric coupled thermalistructural

[ ‘Aboveground . 2D beam-stick seismic 3D shell structural

Tank Definiion | Load ||nsu|mns| Support (3D) ]aismic\ Ground |

Base Supporf Foundation

Foundation
include _Height/Thickness [m] __ Section shape D1[m]
NA Circular Hollow o8 L | o
NA Circular Hollow T o7 k
5
< >
Subgrade stifiness
Vertical stiffness [MN/m/m?] 100.0 Horizontal stiffness [MN/m/m?] 1000
Circumferential piles Vertical [kN/m] 523.018E3 Crosswise piles Vertical [kN/m] 523.018E3
Horizontal [kN/m] 42.297E3 Horizontal [kN/m] 42.297E3
- Material properties are defined in the Material tab
- Pile heights and horizontal support wil ollow the inputs in the Ground tab
Setzero Setdefaults
Name | Tnki ==1¢Y]
oK Cancel Apply Help

Fig 78 Tank Definition Dialog (Support (3D)>Foudation)

O Foundation : Defines the section shape and the dimensions of piles (Crosswise,
Circumferential)
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Seismic
Tank Definition
Tank type Target models to build
Material : Metallic o [ 2D axisymmetric coupled thermal/structural
Elevation - PP 5 2D beam-stick seismic []3D shell structural
Tank Definition | Load | Insulations| Support (3) !Seismu:l Ground
I Inner Tank ProEeme! Non-Structural Masses Lumped Foundation
Liquid
Liquid density 480.0 [kg/m?] Liquid height 38.92 [m]
Inner tank dimension
Inside radius 421 m
Inner tank geometric properties
1 2 3 4 5 6 7 8
0.0361 0.0361 0.012 0.01 0.01 0.0 0.0 0.0
Height(m) 3.08 270 3.86 6.12 0.0 0.0 0.0 0.0
<
Inner tank material properties
Coefficient
Elastic modulus  Poisson's Mas§ of thermal Therma\‘ . Heat " -
(€. N/ ratio (v) density expansion conductivity  capacity Description
g [kg/m?] 9 [WmsC]  [mC]
m 200.0E9 03 7.85E3 10.0E-6 20 1.968E6 Inner Tank
Setzero Set defaults
Name | Tnk1

Cancel

Height 6

Height 5

Height 4

Height 3

Height 2

Height 1

Apply Help

Fig 79 Tank Definition Dialog (Seismic — Inner Tank Properties)

U Liquid density This defines the LNG densityfor convective and impulsive mass

in seismic analysis.

O Liquid height This defines the initial height of LNG 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.

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

O Inner Tank Material Properties This defines the material properties of the inner

tank, which will be used to create a seismic model.
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Tank Definition

Tank type Target models to build
Material : Metallic 2 Da nmetric struc 2D axisymmetric coupled thermal/structural
Elovation - boveground = [712D beam-stick seismic 3D shell structural

Tank Definiion | Load | Insulations Suppon@t' Seismic Igreund
inner Tank Proparies] Nor-Stuctura 223 [umped Foundston

Roof RingBeam Wall Base Slab Inner Steel Tank

Descriptions Mass [kg]

P deck & lation of the ceiling 135.0E3
Roof nozzles 420E3
Roof platform 400.0E3
Roof pump & crane 30.0E3
Roof piping and support 103.0E3
Others 0.0
Total 2.11E6

Setzero Setdefaults

Name | Tnk1 V=@

Fig 80 Tank Definition Dialog (Seismic - 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.
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Tank Definition X
Tank type Target models to build
Material : Metallic v []2D axisymmetric coupled thermal/structural
Elevation - Aboveground o [v] 2D beam-stick seismic (V13D shell structural

Tank Definition | Load | Insulations| Support (3D [ Seismic ] Ground

Inner Tank Properties Non-Structural Masses| Lumped Foundation

[[]Use 3D support inputs

Geometric properties
Name Exist  Area[m’] Shear area [m?] Momentof inettia[m]  Length [m]

Pile (Lumped) 617.23 540.14 297.064E3 NA

Lumped isolator

Total mass of lumped isolator [kg] = isolator mass x number of base support = 158.8E3
Lumped pile stifinesses
[Vertical beam stick model]  Vertical stifiness of pile/soil [MN/m] 225.9233E3
[Horizontal beam stick model] Rotational stiffness of pile head [MNm/rad] 225.9233E3
Setzero Set defaults
Name [ Tnkt B=10)

oK Cancel Apply Help

Fig 81 Tank Definition Dialog (Seismic — Limped Foundation)

O 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 Total mass of lumped isolator: Define the total mass of lumped isolator which
will be used to build a model for seismic analysis.

Q Vertical Stiffness of Pile/Soil: Define the vertical stiffness of pile/soil which will
be used to build a vertical beam stick model for seismic analysis.

O Rotational Stiffness of Pile head: Define the rotational stiffness of pile head
which will be used to build a horizontal beam stick model for seismic analysis.
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Tank Definition X
Tank type Target models to build
Material Metalliic v [) 2D axisymmetric coupled thermal/structural
S Aovegound 5 2D beam-stick seismic [13D shell structural

Tank Definition | Load | Insulations Suppon(an)\Seismicl Groundl

Soil Properties

Stiffness distribution:

Constant value v

Layer  Soildepth Thickness ~ Statickh ~ Statickv  Dynamickh Dynamickv Lumpedkh o 0o A a
No. [m] offayer[m] [MN/m/m] [MN/m/m] [MN/mm]  [MN/m/m]  [MN/m/m] prion(t !
1
00 0.0 0.0 00 00 00 0.0 Start of soil p 1
1 20 20 190793 00382  |38.1586 00763 14.92E3  Backfl -
ayer
2 40 20 329527 00659 659054 0.1318 25769E3  Backfil T{
ayer
3 6.0 20 286317 00573  57.2634 0.1145 2239E3  Backiil Layers | Layer thickness
4 8.0 20 275563 00551  55.1125 0.1102 215493 Backfil Layer 4
5 -100 20 302072 00804 604143 0.1208 23622E3  Backfil Layer n
6 -120 20 413977 00828 827954 0.1656 32373E3 Sty Sand1
7 -140 20 345307 00691  69.0614 0.1381 27.003E3  Sity Sand1 Add Setzero
v
= e e S — Remove Set defaults
< >
Pile toe stiffness
Static vertical stiffness [kN/m] 15.0E3 Static horizontal stiffness [kN/m] 15.0E3
Dynanmic vertical stifiness [kN/m]  30-0E3 Dynamic horizontal stifiness [kN/m]  30-0E3
Name | Tk M|==[¢)}
oK Cancel Apply Help

Fig 82 Tank Definition Dialog (Ground — Soil Properties)

Soil Properties

a

o000 O

Stiffness distribution: Defines the way to define stiffness through each soil layer.
Available options are ‘Constant value’ and ‘Linear Interpolation’. If ‘Constant
value’ is selected, stiffness through the soil layer is constant. Otherwise, stiffness
will vary by linear interpolation order. The value should be negative.

Soil Depth: 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.

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

Static Kh: Defines the static horizontal soil spring stiffness per unit length.
Static Kv: Defines the static vertical soil spring stiffness per unit length.
Dynamic Kh: Defines the dynamic horizontal soil spring stiffness per unit length.
Dynamic Kv: Defines the dynamic vertical soil spring stiffness per unit length.

Lumped Kh: Defines the lumped horizontal soil spring stiffness per unit length.
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Tank Definition

U Static vertical stiffness: Defines the static vertical stiffness which is applied to
pile toe.

O Static horizontal stiffness: Defines the static horizontal stiffness which is
applied to pile toe.

U Dynamic vertical stiffness: Defines the dynamic vertical stiffness which is
applied to pile toe.

U Dynamic horizontal stiffness: Defines the dynamic horizontal stiffness which is
applied to pile toe.
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2D Axisymmetric Static Structural Analysis

User Inputs

The required user inputs for this model are as shown in [Fig 100].

-

Fank Definition Lp:
————t

1E: W

ad | Insulations| Support (3D) | Seismic| Ground |
all - Roof Lateral Roof Polar Beam Secton Materials Support (2t

Tank Definition

Tanktype
Matral
Elevation Aboveground v

Base slab

Description Lim] Dlm]

Inner part (Linner, Dinner) 12
Outer part (Louter, Douter) 6.7 15
Taper part (Wt) 06 0.0
Base Heating (Lheating,... 46.5 0.386
< >

Setzero Set defaults
Name | Tnkt

Target models to build

2D beam-stick seismic

CcL

2D axisymmetric coupled thermal/structural
3D shell structural

Linner | Louter

¥ Dheating

Wy

v |EHw

OK Cancel

Fig 83 User Inputs for 2D Axisymmetric Static Analysis

Lneating | | Douter
Dyround

Gl

Apply Help

The user dialog is available from LNG Tank>Create 2D Model> Structural as

shown in [Fig 101]. 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

LNG Tank - Static Analysis

Tank definition data
Model filename
Saved model file path

Concrete element size (m)

Steel element size (m)

Tnki1 i

‘C \Users\ohsso\Documents\LUSAS200\Projects\(2D).mdl

0.2

Help

Fig 84 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 to steel roof plate and roof frames. For lateral beams, ‘BXS12’ is

used.

Element Size

The largest element size used in the model will be less than 0.2m as per user input.
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I’D X z"_'_:’H ~

Fig 85 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

Roof Plate

Roof is modelled using 2D axisymmetric solid element. Note the Roof End is straight.

Polar Beams

Pola beams have bending stiffness in the roof. Although they are not axisymmetric, this
should be included in the model as structural members.

Initially the polar beams could be idealized as 2D axisymmetric shell elements (see
Appendix A for details), however this is not adopted because that we do not support the
eccentricity in the axisymmetric shell element.

Both the roof plate and the polar beam will be modelled with 2D axisymmetric solid
elements, and the lateral ring beam will be with 2D axisymmetric shell.
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2D Axisymmetric Static Structural Analysis

Center Ring

Dome
Height

©h)
Upper Comp. » Lateral Ring with
2D axisymmetric Shell

olar Plate with 2D axi solid
With adjusted £

Roof plate with 2D axi solid

ba %

Poy, S
4,,97 8, /| A connection plate
g, . Width (L)
g /Connection plate

Roof Plate Inner Dome Radius Thickness (Te)

Fig 86 Polar beams for a 2D Axisymmetric Model
The thickness of the polar beam will be the same with the polar beam height.

However, considering polar beams are modelled with 2D axisymmetric solid elements
and height of the polar beams are used as the thickness, the volume of the polar beam
will be too much exaggerated. Hence, the equivalent elastic modulus(E) is used in
order to get the section capacity closer to the reality.

Bracing

In 2D axisymmetric model, bracings are included as added masses to the polar beam
members.

Wall Stiffener

Wall stiffeners are modelled as defined in Tank Definition.
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Tank Definition

Tank type
Material Metallic
Elevation Aboveground

Target models to buid

Tank Definion. Load | Insulations| Support (3D)| Seismic| Ground

Base Siab Wall  Roof Lateral Roof Polar Beam Secion Materials Support (2D)

[£12D axisymmetric coupled thermal/structural

[]2D beam-stick seismic [/]3D shell structural

[]3D solid
[] Rebarfor design check

wall
Stiffeners

Radius
Ta
432
Inside radius (Rins) m H
(Rins) m] Inside . Outside
Height/ Thickness H
Lyt
Height () Thick SUTENEr  Syfener Stage i
Waip  Height (H) T‘c ness oo b :nev Vmge "
m Mmm location A
30 80 0 ou. Y
= B
2 30 80 0 ou. Y
v Wall Insulaio T
3 30 80 0 ou. ¥
gottom Comer Protect y /
4 30 80 0 ouw. Y N T
Add
5 30 80 0 out. v v HH
R Remove Hocp.t
Corner protection (Unis : m) Hecp_b
Comner protecton start (H_bep_s)* 0617 +
Comer protection end (H_bcp_e)* 5617 -
- * Guidance for comer protection inputs based on the current insulation data
Ce thicks bep)*
omer protection thickness (T_bep)’ - Comer protaction start: 0.105 or 0.567 or 0.617 or 0.6915
- Comer protection end : 5.617
Setzero Setdefaults - Comner protection thickness: 0.155
Name | Tnkt RaISLe))
Close

Help

N N ~ ]

Fig 87 User input for Wall Stiffener for a 2D Ax

symmetric Model

Fig 88 Geometry of Wall stiffener for a 2D Axisymmetric Model
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Material Properties

User defined material properties are assigned to the relevant surfaces.

Tank Definition

Tank type Target models to build
Material : Metallic v 2D axisymmetric coupled thermal/structural
Elevation : Aboveground o [/ 2D beam-stick seismic [13D shell structural

Tank Defintion Load | Insulations | Support (3D)| Seismic| Ground!
Base Siab Wall _Roof Lateral Roof Polar Beam Secion] Materias Jpuppor (20)

Material ID E(\Easlt;‘nl:/ rmnau]n)iu\us E’Tssnn‘s ratio m;’s:‘gz]!enswy ﬁ}g] ;a\pha. %EE%‘; ity Eﬁ:‘tﬂfgra:w Deseription
Concrete (Base) 35.0E9 0.2 25E3 10.0E-6 20 2.257E6 BaseSlab
‘Concrete (Wall) 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Wall
Concrete (Roof) 209.0E9 03 7.8E3 11.0E-6 450 3.3618E6 Roof
Steel (Upper compression ring)  209.0E9 03 T.8E3 11.0E-8 450 3.3618E6 Roof Upper Compression Ring
Polar Beam 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Rafter Beam
Lateral Beam 209.0E9 03 7.8E3 11.0E-8 450 3.3618E6 Lateral Beam
Bracing 209.0E9 03 7.8€3 11.0E-6 45,0 3.3618E6 Bracing
‘Connection Plate 209.0E9 03 7.8E3 11.0E-6 45.0 3.3618E6 Bracing
Raft 35.0E9 02 25E3 10.0E-6 0.0 00 Raft
Pile (Cir) 35.0E9 02 25E3 10.0E-6 0.0 0.0 Pile (Cir)
* Isolator properties can be defined for various types from modeler and should be defined and assigned manually.
Setzero Set defaufts
Name | TnkL v =@
Close Help

Fig 89 User Inputs for Tank Materials
This can be found from LUSAS Modeller as shown in [Fig 112].

However, the mass density is recomputed to add the mass of bracings.

Total mass of polar beams per Ring

The total mass of polar beams per ring is computed from

1) Volume of polar beams in a ring
Vp = No. of polar beam * Area of polar beam section * Length of polar beam in
the ring

2) Total mass of polar beam in a ring
Mp = Vp * mass density of polar beam
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3) Volume of bracings in a ring
Vb = No. of bracing per ring * Area of bracing section * length of bracing

4) Total mass of bracings in a ring
Mb = Vb * mass density of bracing

Therefore, the total mass will be Mp + Mb.

Equivalent mass density of polar beams per Ring

The equivalent mass for the polar beam member incorporating bracings is computed as
below;
mass_pb = (Mp + Mb) / (Vp, Total volume modelled)

Lp (polar beam length in a ring)

Vp model (volume for 360 degree)
=t *2*nm *Re

e
-2+

Re

Vp model=t*2 * x * Rc (Rc=Radius (X coordinate) to the polar beam surface
centroid)

Length of bracing beams

The length of each bracing is computed, which is required to compute the total mass of
the bracings.
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2D Axisymmetric Static Structural Analysis

Attributes

[Slero.. &attr.. Qana.. FErep... [Blay.. Loutili

& 33:div=23 for line 197 ~
& 34:div=18
& 35:div=13
& 36:div=197 for line 4

= & Surface (1)
& 37:AxisymmetricSolid

=& Geometric (3)

= Line (3)

& LiLateral Beam Thickness 1

&
= Material (15)
= =URORIE L) e
1 & 1:BaseSlab :
TEEE IR T T
oof
0of Upper Compression Ring

& 13:Lateral Beam Equiv 1
& 14:Lateral Beam Equiv 2
& 15:Lateral Beam Equiv 3
2 Orthotropic (4)
& 9:Roof Frame Equiv 1
& 10:Roof Frame Equiv 2
& 11:Roof Frame Equiv 3
& 12:Roof Frame Equiv End
= Supports (13)
1:Pile_1
2:Pile_2
¢ 3:Pile_3
4:Pile_4
5:Pile_5
£ 6:Pile_6

v ax

”" LUSAS View: 2D_Axisymmetric_Solid(2D).mdl Window 1 X

Isotropic
[JPlastic [Jcreep [ Damage [JShrinkage  []Viscous [JTwo phase  []Ko Initialisation
Elastic

[[] Dynamic properties Value
Thermal expansion Yo}mg 's mo(.iulus 35.0E9
Poisson'’s ratio 0.2
Mass density 25E3
Coefficient of thermal expansion 10.0E-6
T 1=
L N— so
G [ | e

Fig 90 Material Properties for a 2D Axisymmetric Model

93




Examples — User Inputs

Support Conditions

Tank Definition

Tank type
Material : Metallic
Elevation : Aboveground

Target models to build

2D beam-stick seismic

Tank Definfion Load | Insulations| Support (3D)| Seismic| Ground

Base Slab Wall Roof Lateral Roof Polar Beam Section Materials|

Support type
Pile Support v

Pile stiffnesses

Update from Support(3D)

Spring ID Radius [m]

Vertical
stiffness
MN/m/rad]

Horizontal
stiffness
MN/m/rad]

Description

2D axisymmetric coupled thermal/structural

3D shell structural

Pile Supports

2 84 1.0524E3 85.1 Pile
3 126 1.5987E3 127.7 Pile %
4 168 2.1049E3 1702 Pile
5 210 26311E3 2128 Pile
6 252 3.1573E3 2553 Pile
7 294 3.4962E3 2827 Pile i
8 329 3.7295E3 3016 Pile ! Spring Number
9 367 4.6615E3 3770 Pile . IR
< >
Setzero Set defaults Add Remove
Name | Tnki ~1EH®
Close

Fig 91 User Inputs for Boundary Conditions

Help
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2D Axisymmetric Static Structural Analysis

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

LUSAS Modeller.

Attributes vaXx LUSAS View: 2D_Axisymmetric_Solid(2D).mdl Window 1 X

[Blero.. Syattr.. Qana.. Erep... [Elay.. L utili.. [T 0.0 10.0 20.0 30.0

< 8:Stiffener ~ ._—‘—ﬂs_‘
= | Structural Supports

& 13:Lateral Beam Equiv 1

& 14:Lateral Beam Equiv 2

& 15:Lateral Beam Equiv 3

- & Orthotropic (4)

& 9:Roof Frame Equiv 1

& 10:Roof Frame Equiv 2

& 11:Roof Frame Equiv 3

& 12:Roof Frame Equiv End
TSen(D)_
15 & 1:Pile_1 1

R =

50.0

Analysis category | 2D Axisymmetric

i

400
x
O O

Translation in Y

o
w
3
o
w
N

®

Rotation about Y

i
30.0
~N
®

4 10:Pile_10
& 11:Pile_11
& 12:X Fixed
= o Loading (22)
- & Discrete (2)
& @ Patch (2)
& 19:LiveLoad
& 20:SnowlLoad
% Patch divisions
- & Structural (20)
& 1:Steel Structure_q1
& 2:Steel Structure_P
& 3:Steel Structure_qr
< 4:Liner_basel
& 5:Liner_Roof
& 6:Liner_Wall
¢ 7:SteelStructureRoof
& 8:Insul_q1
& 9:Insul_q2
& 10:Insul_g3
& 1L:Insul_g4
& 12:Insul_qr
4 13:Insul_Pressure
£.14:Wall ninina lnardina

Hinge rotation

Torsional warping

®

Pore pressure

200

Spring stiffness distribution
@ stiffness
O stiffness/unit length

O stiffness/unit area

Lift-off >>

100

Contact >>

Name | Pile_1

0.0

Fixed

O

O

Cancel

Fig 92 Pile Support for a 2D Axisymmetric Model

TEST CASE

Spring stiffness

® 47.9E6

@ [1 592086 II

o rl_-_-_-_-_--f
—
—

O
——
I
—

Apply Help

If support type ‘Regular Support’ is chosen as shown in [Fig 115], the support

definition will be as shown in [Fig 116].

Tank Definition

Tank type Target models to build
Material Metallic v a 2D axisymmetiic coupled thermallstructural
Elevation : e 5 2D beam-stick seismic 3D shell structural

Tank Definiton Load | Insulations| Support (3D)| Seismic| Ground |
Base Slab Wall Roof Lateral Roof Polar Beam Section Materials Support (2D)

Support type

1.0E3 Horizontal stiffness 2.0E3

[MN/m/m?]

[MN/m/m?]

Fig 93 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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B4 LUsAs Bridge Plus - [LUSAS View: Test-DistributedSpring(2D).mdl Windo
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design LNGTank KOGASTank Window Help
DEE & = ®Ex 9 c- & 0v/v0-or @nkalSro[Tiy snaea h B~ upd g STuctural Supports X
Attributes vax LUSAS View: Test-DistributedSpring(2D).md| Window 1 3
[Bloro... éattr.. Qana.. util.. Erep. N 0.0 200 200 Analysis category | 2D Axisymmetric
& 11:Roof Frame Equiv 2 ~
& 12:Roof Frame Equiv 3 —_—— g
& 13:Roof Frame Equiv End e Free
& 14:Conn Plate Equiv End x O
Translation in Yy O
A 2:X Fixed 2
=) & Loading (22) - z ©
- Discrete (2)
5 @ Patch (2) X
& 19:Liveload "
& 20:SnowLoad Rotation about Y
@ Patch divisions 7 ®
=& Structural (20)
& 1:Steel Structure_q1 ° Hinge rotation
& 2:Steel Structure P &
& 3:Steel Structure_qr Torsional warping
Pore pressure ®
& 6:Liner_Wall
& 7:SteelStructureRoof . o
A 8iInsul_ql Spring stiffness distribution
&9:Insul_q2 ° _O ﬁnfs_ o
4 10:Insul_q3 ° | @ Stiffness/unit length
& 18:Insul_q4 e m e —
& 12:Insul_qr Stiffness/unit area
& 13:Insul_Pressure
& 14:Wall piping loading Lift-off >>
& 15:Liquid_q1(Max) v
Contact >>
None | specify... ||,
Text Output v & X Selected Items Name | Distributed Spring Support ==
(® All messages O Errors and warning: O Only errors (O LPI Commands = Clear all Selected Items |
© 11:25 *Tank Wizards Nodel conpleted A
VD) 22 et o o Conea ]| (Aol fo
< >

For Help, press F1

Fig 94 Test Case - Definition of a Regular Support for a 2D Axisymmetric Model
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Loadings
A total of 15 loadcases is defined in the model.

B LusAs Bridge Plus - [LUSAS View: Test-DistributedSpring(2D).mdl Window 1)

File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design LNGTank KOGASTank Window Help
NEE & = BB x 2+ & 0~/ ~O0-@~ @ a4 B®-3 KK gy B o
LUSAS View: Test-DistributedSpring(2D).mdl Window 1 X

\nalyses

Bleroups gAttrib.. (QAnalys.. P Utilities Elreports

200 0.0 200

60.G34

& Test-DistributedSpring(2D).mdl
) &3 Structural analyses
= Analysis
i+ 1 Geometric o
1 Material
% @ 1:SelfWeight
ead Loads of Steel Structure

H
g
g
2
%
&
&
%
H
g
g
H
S
7
g
400

essure on outer tank wall due to insulation
all piping loading

id bottom(Max)

 9:Liquid bottom(Min)

* 10:Gas Pressure(Max)

 11:Gas Pressure(Min)

= 12:Live load

= 13:Snow load

© 14:Test load (Liquid)

® 15:Test load (Pneumatic)

% Model properties Y

20.0

e
P
\
\
\
\
\
@
&

-

/
/

i
°
.
3
.
.
b
]
!
b
*
]
L]
.

1:SelfWeight — e

None > Specify...

‘ext Output ¥ & X Selected Items

(® All messages () Errors and warning: () Only errors (O LPI Commands = Clear all Selected Items ~ Cyclable Items.
D 11:29 Tank Vizards Modsl completed ~

11:29 Nodel successfully saved as C:

< >

or Help, press F1

Fig 95 Loadcases available in a 2D Axisymmetric Static Analysis Model
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Self Weight

B Lushs Bridge Plus - [LUSAS View: Test-DistributedSpring(2D).mdl Window 1] - [a] X
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design LNGTank KOGASTank Window Help

DEE & = 2@x 2-2-8 0-/-0-8-EAnra[STTi- cae-a A -E-phey & opE
Analyses vax LUSAS View: Test-DistributedSpring(2D).mdl Window 1 X

[Bleroups Attrib. |EjAna\ys|q//“uume> CERreports [FLayers 200 0.0 200 400 60.0

60.057]

3 Test-DistributedSpring(2D).mdl
& @ Structural analyses
== Analysis 1
-2 Geometric o R
s B2 e e s e e e e e e M T
15 @ 1:5elfWeight 1 -
: & Supports 1
S Loading 1
R R —
T 2:Dead Loads of Steel Structure

/

4
4
Vi
/

400

1 3:Dead load of liner and steel roof

#-(% 4:Dead load of steel structures on the roof
(% 5:Dead load of Insulation

(% 6:Pressure on outer tank wall due to insulation
1= 7:Wall piping loading

i uid bottom(Max)

i uid bottom(Min)

- 10:Gas Pressure(Max)
;

200

© 11:Gas Pressure(Min)
© 12:Live load |
© 13:Snow load Y

© 14:Test load (Liquid)
1 (% 15:Test load (Pneumatic)
% Model properties
o

1:SelfWeight e
None ~ Specify...

Text Output ¥ & X Selected ltems vax

/
Eoooooooo.u.o.‘

@ All messages O Errors and warning: (O Only errors O LPI Commands  Clear all Selected Items  Cyclable Items

© 11:29 =Tank Wizards Model completed ~

11:29 Model fully saved as C:

< >

For Help, press F1

Fig 96 Self Weight in a 2D Axisymmetric 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. In a construction situation, the dead
load of suspended deck, ‘qr’ is evaluated as a structural load.
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B LusAs Bridge Plus - [LUSAS View: Test-DistributedSpring(2D).mdl Window 1] - o X
File Edit View Geometry Attributes Analyses Utilities Tools Bndge Design LNG Tank KOGAS Tank Window  Help
DEH & = BBX 2-2- B 0~/ ~Ov&v [ ] @é-3 A E-ppuy § 0EE
Analyses vax LUSAS View: Test-DistributedSpring(2D).mdl Window 1 X v
[Bleroups pAttri utilities (EReports [Elayers [ 200 0.0 200 40.0 60.0
S Test-DistributedSpring(2D). s
& Structural analyses
= Analysis 1 —
) 1 Geometric g, R
i 2 Material
2.0 LSelWelght —
[ "8 2iDead Loads of Steel Structure |
I & aloading 1 ° 4
1 1:Steel Structure_q1 (x 1.0) 1 £} °
1 2:Steel Structure_P (x 1.0) 1 ‘
L o isterlStudue At Qg :
- = 5iDead load of iner and steel roof
i ead load of steel structures on the roof .
: ead load of Insulation .
4 1% 6:Pressure on outer tank wall due to insulation
! all piping loading *
(= 8:Liquid bottom(Max) = ]
= 9:Liquid bottom(Min) ~ .
(3 10:Gas Pressure(Max) .
) (% 11:Gas Pressure(Min) +
5 Live load Y
= 13:Snow load *
 14:Test load (Liquid) ]
 15:Test load (Pneumatic) .
& Model propertes o
3
2:Dead Loads of Steel Structure [F
None | Specify...
Text Output v B X Selected Items vax

@® All messages (O Errors and warning: () Only errors () LPI Commands = Clear all Selected Items  Cyclable Items

© 11:29 sTenk Wizarde Model completed ~

11:29 Model successfully saved as C: butedSpri
< >

For Help, press F1

Fig 97 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.
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%LUSAS Bridge Plus - [LUSAS View: Test-DistributedSpring(2D).mdl Window 1]

File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design LNGTank KOGASTank Window Help
DEH & = BB 2+~ S 0v/~O-6- @ intal(s]r]r @& g k- E-pheiy B kB
Analyses v @X " LUSAS View: Test-DistributedSpring(2D).mdl Window 1 X

[Blcroups eAttib. (Qanalys Utilities (EReports [ElLayers 200 0.0 200 40.0 60.0
S Test-DistributedSprng(ZD)

S Structural analyses

1= Analysis 1 T —
- 2 Geometric g R
g i

£ Material
& 1:SelfWeight
© d Loads of Steel Structt S
oads ructure i

-
1“5 loudng
1
1
1
3

60.057]

40.0

4:Liner_base1 (x 1.0)
S:Liner_Roof (x 1.0)
6:Liner_Wall (x 1.0)

“ 5:Dead load of Insulation

= 6:Pressure on outer tank wall due to insulation
= 7:Wall piping loading

uid bottom(Max)

uid bottom(Min)
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Fig 98 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.
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Fig 99 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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Fig 100 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.

vax
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Fig 101 Insulation Pressure Load in a 2D Axisymmetric Static Analysis Model

Wall piping loading

The weight of the contained liquid acts on outer surface of wall.
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Fig 102 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 103 Liquid Bottom Loading in a 2D Axisymmetric Static Analysis Model

Gas pressure (Max, Min)
Gas pressure is assigned to the inner surface of concrete tank.
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Fig 104 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 105 Live Load in a 2D Axisymmetric Static Analysis Model

Snow load

Snow load acts on the top surface of roof.
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Fig 106 Snow Load in a 2D Axisymmetric Static Analysis Model

Test load (Liquid bottom)

Test load (Liquid bottom) acts on the inner surface of the base slab.
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Fig 107 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 108 Test Load (Pneumatic) 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.

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.

110



2D Axisymmetric Static Structural Analysis
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Fig 109 Selection for Contour Display in a 2D Axisymmetric Solid Model

If the 1% loadcase of Self Weight is set active, the horizontal stress of SX is displayed

as shown below.

Layers

[Blorou... Seattri
=-Stest(2D).md|
5D test(2D).mdl Window 1
& Mesh
# Deformed mesh
& Attributes

# Contours : SX (Stress - Axisymmetric Solid)

# Geometry

F Annotation

2 Utilities

% View properties

Qanaly.. 2 tiliti.. Frepo... [Gltayers [

¥ 2X " LUSAS View: test(2D).mdl Window 1 X |

50.0

-40.0 -30.0 200 0.0

50.0

400

300

200

Detormationany| | No deformations drawn
["]Window summary = Details.
View axes Details...

Defaults...

10.0

0.0

Analysis: Analysis 1

Loadcase: 1:SelfWeight

Results file: test_2D_~Analysis 1.mys
Entity: Stress - Axisymmetric Solid
Component: SX (Units: N/m?)

. -6.20469E6

'517057E6
“4.13646E6
23110234E6
-206823E6
-1.03411E6
0.0

1.03411E6
- 2.06823E6

Maximum 2.90872E6 at node 2653 of element 2180
Minimum -6.39831E6 at node 2683 of element 2200
Y

A

e

Fig 110 SX Contour for Self Weight in a 2D Axisymmetric Solid Model
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Values

Values can be directly displayed for the chosen nodes by right-clicking on the Window
entry in the Layers treeview and adding the Values layer to the View window.
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Fig 111 Value Display in a 2D Axisymmetric Solid Model

If particular nodes are selected in the view window, the values are displayed for just

those nodes.
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Fig 112 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 _..\\
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2 60 30 b 3
Local coordinate
Global coordinates >
[ set as active local coordinate i

Fig 113 Line for Slicing Results in a 2D Axisymmetric Solid Model

From Utilities > Graph Through 2D, select By selected line and SX for result
component.
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Fig 114 Graph Through 2D in a 2D Axisymmetric Solid Model (1)
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Fig 115 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 116 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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Slice Data X || Display Graph X
I Resultant effects from 2D model I Display X scale
O Results component Resultant effects from slice Title |Resultant Effects ® Automatic O Manual
Entity Stress - Axisymmetric Solid [@Mean normal stress Sz « Thickness min 0.0 max [1.0
Component. 5% Rormal e sz
Transform | et None “Mean shear stress v Results [ Use logarithmic scale

“Actual shear stress

“Mean shear stress per radian
I i V|

@Bending stress per radian [ show grid Shonlymech

[“Actual shear stress per radian

Y scale

Corner labels Auto-update

® Automatic O Manual

‘ . -
nclude existing graphs o ealia
Calculate distance as angle MGraph for SX

¥ |00
00 [ Use logarithmic scale
Scale factor

7 00

Width for corridor

Display now

Name | Graph for Self Weight Save in treeview

< §l2@) B ES 8y < 2@

Fig 117 Graph Through 2D in a 2D Axisymmetric Solid Model (3)

Utilities vax LUSAS View: test(2D)mdl Window 1| SXinthewall  Resultant Effect X v
[Slerou.. dbAttri.. Ranaly... L Utiliti.. ElRepo.. [Blayers | SR @ e
2 6:G for Roof Frame in XY2 ~ SX-
& 7:E for Roof Frame XY 3 1:Self
B1E for Roof Frame Z 3 27101 w?;?m LUSAS2
#9:G for Roof Frame in XY3
# 10:E for Roof Frame End in XY 132 847921 Resutant Effect
# 11:E for Roof Frame End in Z 13.208 849728
# 12:G for Roof Frame End in XY 0 * +
2 13:E for Conn Plate End in XY
# 14:E for Conn Plate End in Z 166
# 15:G for Conn Plate End in XY
# 16:Steel Structure_q1
+* 18:Steel Structure_qr
# 20:Liner_baset
# 22:Liner_Roof
# 24:SteelStructureRoof
# 26:Insul_q1 -4e6
+ 28:Insul_q2
# 30:Insul_q3
#32:Insul_qé -5e6
# 34:Insul_qr
£ 36:Liquid_q1(Max) -6e6;
# 38:Liquid_q1(Min)
 40:Hydrostatic Test

S Graph Wizard (2)

1 1:Graph for SX .
7 pral ht line 271(1) Thickness
 2:5X - 1:SelfWeight(2) —e— Actual Axial Stress(4) / Distance(3)

/12 2:Graph for Selfweight +— Actual Shear Stress(5) / Distance(3)
 3:Distance(3) —e—Mean Normal Stress Sz(6) / Distance(3)

& G:Actual Aial Stress(4) v 9 Mean Shear Stress(7) / Distance(3)

None v specify... ||| <[> AR [cal i D).mdl Units: N,m,kg,s,C
Text Output ¥ & X Selected Items vax

>

[LUSAS 20.0-0c8 January 30, 2023

[T=

-2e6

Results

-3e6

13.19¢
13.1995
132
13.2005
13.201
13.2015
13.202
13.2025
13.203
13.2035
13.204
13.2045
13.205
13.2055
13.206
13.2065
13.207
13.2075
13.208
13.2085

(® All messages O Errors and warning: O Only errors O LPI Commands Clear all Selected Items _ Cyclable Items
“Line 271

12:45 Results File "test_20_“Analysis l.mys" (ID=1)
12:45 Section Depth 8.0E-3

12:45 Axial Force per unit radian = -2.04395E5
Shear Force per unit radisn = -3.16372

12:45 Voment per unit radian - 1.71908

12:45 Moon normal stress Sz = -5.91365E6

———— ———— >

Fig 118 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).
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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.

LNG Tank - Export Forces/Moments to Excel (2D) X
OQutput filename 2D Extracted Forces|
User Defined
Working folder O Current O
Savein ‘C:\Users\ohsso\Documents\LusasZOO\Projeds\ZD Extracted Forces_Wall_Ringbeam.xlsx
Target
(O Base slab (® Wall + Ringbeam (O Roof
Loadcases Range (X Coord)
1:SelfWeight
2:Dead Loads of Steel Structure Start: 0 m
3:Dead load of liner and steel roof
4:Dead load of steel structures on the roof Finish : 42.69 m
5:Dead load of Insulation
6:Pressure on outer tank wall due to insulation
7:Wall piping loading Interval : m
8:Liquid bottom(Max)

9:Liquid bottom(Min)
10:Gas Pressure(Max)
11:Gas Pressure(Min)
12:Live load

13:Snow load
14:Testload (Liquid)
15:Test load (Pneumatic)

Cancel Help

Fig 119 Export Forces for a 2D Axisymmetric Solid Model (1)
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Fig 120 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 121 Section Force Spreadsheet for All Loadcases
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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> Create 2D
model> Staged Construction Analysis as shown in [Fig 162].

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

model.
LNG Tank - Staged Construction Analysis X
Tank definition data Tnk1 ~
Model filename ‘ZD Staged Conslruction\ ‘
Saved model file path ‘C:\Users\ohsso\Documems\LUSASZOO\F‘rcjecE\ZD Staged Ccnsn'ucﬁon(SlagedConsn'ucﬁon:‘

Modeling options

Concrete element size (m) Steel element size (m)
Loads to apply
Self weight Structural loadings (® Max O Min)

(Variable Loads :

Roof construction plan Layered roof option 1 - Base / Wall / Ringbeam

- Ringbeam 1st PS
Roof first stage thickness (ratio) 0.5 oo frame 1/ Inmerwork
Initial prestress for ringbeam (ratio) 05 - Roof frames 2,3

Initial prestress for slab (ratio) - Roof lower wet/ Roof Lower complete
- Roof upper wet / Roof complete

- Ringbeam 2nd PS

- Wall vertical PS

- Wall horizontal PS

* Roof frame loads are not considered

© 0 N e o B W N =

* Roof first stage wet concrete is not considered

Fig 122 User Dialog for 2D Axisymmetric Staged Construction Analysis
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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.

Fig 123 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 164]. 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:

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

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

U loading is not inherited.
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Analyses

Gxo &Am. @Ana,, J’uuh Rep Lay..

vax

LUSAS View: 2D_Staged Construction(StagedConstruction2D).mdl Window 1 X

/3 2D_Staged Construction(StagedConstruction2D).mdl

3 Structural analyses
== Analysis 1

0 Geometric

i 01 Material
% 1:Annular Part(Staged)
+0 Supports
3 Loading

De

% Nonlinear and Transient

Wall 1(Staged)
Wall 2(Staged)
Wall 3(Staged)
Wall 4(Staged)
Wall 5(Staged)
* 8:Wall 6(Staged)
= 9:Wall 7(Staged)
4 10:Wall 8(Staged)
4 11:Wall 9(Staged)
2 12:Wall 10(Staged)
) 13:Wall 11(Staged)
% 14:Wall 12(Staged)
® 15:Wall 13(Staged)
4 16:Wall 14(Staged)
4 17:Roof Complete(Staged)

#{R 18:Operating Stage(Staged)

% Nonlinear analysis options

% Model properties

5-8-8-5-6-5-8-8-8-6-5-0-5-8-5-5

Nonlinear & Transient

Incrementation
Nonlinear
Incrementation Manual v
Starting load 0.1

Max change in load factor 0.0

Max total load factor 1.0
Adjust load based on convergence

Iterations per increment 4

[[] Displacement reset

Advanced...
[J Time domain
Consolidation
Initial t 0.0
Tof ime 100.0E6
Automatic time stepping
Advanced...

Common to all

Max time steps or increments | 0

Solution strategy
Same as previous loadcase

Max number of iterations

CI.

Residual force norm ‘ 0.1
Incremental displacement ‘ 1.0
Advanced...
Incremental LUSAS file output
Same as previous loadcase

Output file ‘ 1

Plot file R

Restart file G

Max number of saved ‘ 0
Log file 1

History file ‘ 1

[[JSave a restart at the end of this control

Cancel Help

Fig 124 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.

Hns

x| e

)

0

Fig 125 Loadings for Stage 1~2

Stage 3 : Wall 1 ~ Stage 16 : Wall 14

Wall segments are activated according to the user input in Tank Definition.

e

|
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Fig 129 Loadings for Stage 9~10
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Fig 131 Loadings for Stage 13~14
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T

1 & 18:0peratig Stage(Saged) 2

Mol proprtes
5l 13(5099) e 16wl 14(St0gm)

Hene ~ Speciy.. None ! spoct.

Fig 132 Loadings for Stage 15~16

Stage 17 : Roof Complete ~ Stage 18 : Operating Stage

At Stage 17, the roof is added. Stage 18 models the operating(in-service) Stage. All the
loadings used in the 2D Axisymmetric Static Analysis Model are all included in this
stage.

5% %0 w0 Anayses v 80X LUSAS View: test(stagedConstruction2D).mdl Window 1 X
Be & 8a U Fr 0L

 14:Wal 12(Staged) N

14:Wal piping |

15:Uquid_a1(Max) (x 1.0)

16:GasPressure(han) (x -L.0)
10)

17:Uveload x 1.0)

Fig 133 Loadings for Stage 17~18

Adding Extra Stages

If additional stages are required, the ability to Copy and Paste loadcases will be useful,
as illustrated at [Fig 174]. Other attributes such as ‘Activate’ and ‘Loading’ are also
copied.
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Analyses w 0 X Analyses v QX
& Groups & Attrib... ® Analy... # Utilities@ Repo... & Layers & hmups& Attrib... Analy... & Utilities & Repo... Layers
| 3 test(StagedConstruction2D).mdl (42 15:Wall 13(Staged) A
—1H3 Structural analyses [+ 42 16:Wall 14(Staged)
== Analysis 1 [#= 17:Roof Complete(Staged)
=1 Geometric + 4B 18:Operating Stage{Staged

{%1 19:Operating Stage(Staged) (Copy 1)
T 3 Loading

1:Steel Structure_q1 (x 1.0)
2:Steel Structure_P (x 1.0)
3:Steel Structure_gr (x 1.0)
4:Liner_basel (x 1.0)

+-C2 Material
14E 1
-5 1:Annular Part(Sta .
445 2:Circular Part(Stac ¥ Set Active
3:Wall 1(Staged) Edit

Loadcases to Solve...

5:Liner_Roof (x 1.0)

=

L = Copy | 6:Liner_Wall (x 1.0)

- 8:Wall 6(Staged) Paste 7:SteelStructureRoof (x 1.0)
= ,35) 9:Wall 7(Staged) Rename Eilnsul_qi (x 1.0)

- 10:Wall 8(Staged) X Del 9:Insul_q2 (x 1.0)

o 11:Wall 9(Staged) elete

-5 12:Wall 10(Staged] New 3 11:Insul_q4 (x 1.0)

-5 13:Wall 11(Staged) 12:Insul_qr (x 1.0)

445 14:Wall 12(Staged) Deassign > 13:InsuLPrressure (g 1.0)
44 15:Wall 13(Staged] Controls 5 14:Wall piping loading (x 1.0)

15:Liquid_q1(Max) (x 1.0)
16:GasPressure(Max) (x -1.0)
16:GasPressure(Max) (x 1.0)
17:Liveload (x 1.0)
18:Snowload (x 1.0)

4 Model properties
I & Gravity

M ONIMET AR e T T T T T

# Model properties v

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

10:Insul_q3 (x 1.0) 1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Fig 134 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 175].

Tank Definition X
Tank type Target models to build
Material: Metallic v 2D axis | 120 axisymmevic coupled thermalisructural |
Clevation: eground = 2D bearm-stick seismic [/13D shell structural

Tank Definon Load | Insulations | Support (3D) | Seismic| Ground|
Base Slab Wall Roof Lateral Roof Polar Beam Section Materials Support (2D)

Base slab
Description L[m] D{m]
Inner part (Linner, Dinner) I 12 Cll
| L L
Outer part (Louter, Douter) | 6.7 15 fnner _I_ !
kS D,
Taper part (Wt) 06 0.0 Dm.i } Dheatng e = L
: : heating | | Douter
Base Heating (Lheating,... |46.5 0386 ! ) Dground
1
v . W,
< ) :
Name | Tnki v @)
Close Cancel A Help

Fig 135 User Inputs for 2D Axisymmetric Thermal Analysis

The user dialog is available from LNG Tank>Create 2D Model> Coupled Thermal/
Structural...as shown in [Fig 177].

e Enter a model filename and set the Concrete element size to 0.2, Steel element
size to 0.04 and press OK to build the model.
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LNG Tank - Coupled Thermal/Structural Analysis X

Trk1 -
I

‘C :\Users\ohsso\Documents\LUSAS200\Projects\_Thermal mdl

Tank definition data

Model filename

Saved model file path

Modeling options
T —
- .OE- v Includ; il for ab d tank:
Concrete element size [m] 4.0E-3 nclude soil for aboveground tanks

Steel element size [m]

[Jinclude Structural Load

Variable Loads to apply(*)

- The chosen variable loads from the Tank Definition will be used for Operatina Condition

(*) These parameters are read from the [Structural Loading Definition] tab of the tank definition attribute.
Spillage Loading

Application target above Corner Protection (® 1st Wall Insulation layer Owall

Radius of inner tank outer surface(*) EES - iid density(*) 450 [kg/m?]
m

(*) These parameters are read from the [Seismic] > [Inner Tank Properties] tab of the tank definition attribute if available.

DpHiiaye uurauori urme 101 eacn spiiayge rneignt

Spillage 1 thour] Spillage 2 10.0 thour] Spillage 3 10,0 Thour]

Spillage 4 10.0 [hour] Spillage 5 10,0 [hour]

Fig 136 User Dialog for 2D Axisymmetric Thermal Analysis

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
‘Ground Level’ in Tank Definition above the soffit of the thickened base slab.

Tank Definition Load | Insulations | Support (3D) | Seismic| Ground |

Base slab Wall Roof Lateral Roof Polar Beam Section Material Support (2D)

Base Slab
Description L[m] D[m] o
Inner part 308 12 !
Linner | Louter

Outer part 67 15 |
Taper part 06 0.0 Dinne i + Dheating GL
Base Heating 465 0.386 : _yPouter t m

! },\.1 Dyrouna
Ground Level 00 09 .

. W,

Fig 137 ‘Ground Level’ in Tank Definition for Thermal Analysis Model
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i

Fig 138 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.

Isotropic X | |1sotropic x
[ etastic [ hermal Elastic [hermal
[ Plastic [creep [Toamage  [Jswinkage [Jviscous [ JTwophase [ ]Ko Tnialsation [ Ipistic [creep [oamage [ lshrinkage [ Iviscous [ ITwophase Ko Inilisation
Elastic. Thermal Elastic Thermal
[} Value
ermal 35060 al condiuctty 20
e 02 Phase change stote  [None ' [Speciic heat capacty 395766
353 10
of harmal expansion 006
te Heat of Hydration
Type1
Name Basesiab =6 Name [BaseSiab “Hao
Conce Ap) o || Concel Apply Help

Fig 139 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].
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Loadings

Thermal Analysis > Initial Conditions

Initial Soil Temperature is defined and assigned as shown in [Fig 184].

B LusAs Bridge Plus - [LUSAS View: Test_Thermal.mdl Window 1] - o X
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& = Analysis
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Fig 140 Initial Soil Temperature in a 2D Axisymmetric Thermal Analysis Model

Initial temperature of structure is defined and assigned as shown in [Fig 185].
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Fig 141 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.

—

P —
ot — Tanparesre dopmien
it e | SOzt | oot vt
. o Tepuname Ik o costic e =
eoestre 00
4 A
;;* = % o —
Hormetizd Tomosrahre =0 ‘Name  External Terperature of Roof @
o LS e Cancel Help.

Fig 142 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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Prescribed X

@® Total O Incremental

Free Fixed Temperature

Temperature O ® 5.0 |

Name | Base Heating ME=IC)

Cancel Apply Help

Fig 143 Base Heating Temperature in 2D Axisymmetric Thermal Analysis Model

The Base heating temperature is assigned to selected lines as shown in [Fig 188]. The
range of the loading is defined using a LUSAS field variation and can be modified by
editing the values of ‘Base Heating’.

Functon [ 1.0

(®) Global coordinates

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

(O specified local coordinates

2:LocalCoord

Function limits...

Function Limits

[Imin. x coordinate Max, x coordinate

tame [3ase reatr
[CMin. y coordinate [OMax. y coordinate
[Cmin. z coordinate [OMax. z coordinate

Cance el

Close Cancel Apply Help

Fig 144 Base Heating Temperature Variation in 2D Axisymmetric Thermal Analysis
Model

Refer to the section titled Examples — User Inputs: 2D Axisymmetric Thermal Analysis
for more information.
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3D Shell 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 188].

Tank Definition

Tank type Target models to build
Material : Metallic v 2D axisymmetric coupled thermallstructural
Elevation P . [/]2D beam-stick seismic | 3D shell structural |

Tank Definiion Load | Insulations| Support (3D) | Seismic| Ground |
Base Slab Wall Roof Lateral RoofPolar Beam Section Materials Support (2D)

Base slab

Description Lim] D[m] ~
Inner part (Linner, Dinner)  fc2E3 12 CI"

) Liner Louter
Outer part (Louter, Douter) | 6.7 15 © |2

K3 ¥ Dheatng E GL

Taper part (Wt) 0.6 0.0 Dinner -

B Lheating | { Douter
Base Heating (Lheating,... 46.5 0.386 ! Dground

I

© . W,

< > :

Name [ Tnk1 V=@

Fig 145 User Inputs for a 3D Shell Static Analysis
The user dialog is available from the LNG Tank>Static Analysis Wizard menu item.

e Enter the model file name, and set the element size to 2.0, and the other values
as shown in [Fig 189].

e Ensure ‘3D shell’ is chosen for Analysis Type.

e Enter 10 for Number of Eigenvalues.
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LNG Tank - Base Model for Design Check

Tank definition data Tnk1 v
Model filename [Example |
Saved model file path ‘C:\Users\ohsso\Documems\LUSASZOU\F‘mjecls\Example.mdl |

Modeling options

Element size (m)

Number of eigenvalue

Number of buttress 0
Extruded thickness 1.0 (m)
Buttress width 5.0 (m)
Roof construction plan Single layered roof 1
Roof first stage thickness (ratio) 05
Initial prestress for ringbeam (ratio) 05
Initial prestress for base slab (ratio) 0.5

0 N e R W N

Half symmetric model ["]Rigid fin plate

Include non-structural masses in the eigenvalue analysis

- Base / Wall/ Ringbeam

- Ringbeam 1st PS

- Roof frame 1/ Inner work
- Roof frames 2,3

- Roof wet/ Roof complete
- Ringbeam 2nd PS

- Wall vertical PS

- Wall horizontal PS

Fig 146 User Dialog for a 3D Shell Static Analysis Model

Mesh

The elements and geometric properties are as shown below, with a maximum element
size less than 2.0m as per user input. Quadratic shell elements (QTS8) are used.

133



Examples — User Inputs

NNt b a,
sassesees,

Fig 147 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.

NE 700 60.0 -50. 400 300 -200 10.0

< Utilities @

Y
© Attributes

ik BT Properties X
SVlow properties Mesh  Visualise

[AWireframe ~ Pen# 18

[ solid

[JHidden parts -_Z:n: d

[[JShow nodes [Joutline only  Threshold 25

Orientations only f selected
% of elements remaining  100.0
Colour by Mesh colour vl 5=

Close Cancel Apply Help
I

Fig 148 Element Local Axis in a 3D Shell Model
Material Properties

Structural members

Material properties are defined and assigned as shown in [Fig 193].
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Material Keg
Analysis: 05 Eigenvalue Analysis

Rafter Beam
Lateral Beam
Bracing

Stiffener

I Roof Frame Rigid Link to Wall
Base_Wall_Dummy
BaseSlab(Eigen)
Wall(Eigen)
Roof(Eigen)

Fig 149 Material Properties in a 3D Shell 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.

|Analyses vax LUSAS View: Example.mdl Window 1 X ‘ v

[Blcrou.. dyAttri | utiliti.. ERepo... [SLayers 50.0 200 200 0.0 200 200 50.0

= & Example.md!
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~ = 01 Base Analysis
i) 2 Geometric
2 Material L

60.0

“ @2:Dead Loads of Steel Structure
& & Loading

1:Steel Structure_q1 (x 1.0)

2:Steel Structure_P (x 1.0)

3:Steel Structure_ar (x 1.0)

ool

Dead load of steel structures on the roof o

Dead load of Insulation

Pressure on outer tank wall due to insulation

Wall piping loading

Liquid bottom(Max)

9:Liquid bottom(Min)

 10:Gas Pressure(Max)

(3 11:Gas Pressure(Min)

:Live load

:Snow load

est load (Liquid)

est load (Pneumatic)

ead Loads(1-7)

x External Max Base Heating Temperature

“118:Min External Max Base Heating Temperature
5119:Max External Min Base Heating Temperature
5120:Min External Min Base Heating Temperature

== 02 Seismic Analysis

40

20.0

0.0

2:Dead Loads of Steel Structure e

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

| Analyses v #X | LUSAS View: Example.mdl Window 1 X | A

[Blerou.. dbAttri umm [Erepo.. [BLayers 600 200 200 0.0 200 200 80,
~

3 Example.md|
) @ Structural analyses
== 01 Base Analysis - J

Geometric ~
@ Material

SeffWeight

Dead Loads of Steel Structure

60.0

@ 3:Dead load of liner and steel roof

)2 Loading
4:Liner_basel (x 1.0)
5:Liner_Roof (x 1.0)
6:Liner_Wall (x 1.0)

r "v;\‘,\:ﬂ‘
Dead load of Insulation | (i v{vb:“ AR
© 6:Pressure on outer tank wall due to insulation R

R
SHAREAY
A
AR

u
Wall piping loading & N:!:";:‘ g
Liquid bottom(Max) v 1:{'3:1: 3,“‘,«,-
Liquid bottom(Min) 4 MR
: R R
S MANA

A o e
R
1}“'\

s Pressure(Max)

s Pressure(Min)

2 12:Live load

© 13:Snow load

Test load (Liquid)

(4 15:Test load (Pneumatic)

116:Dead Loads(1-7)

ax External Max Base Heating Temperature

B-E
200

-8

 19:Max External Min Base Heating Temperature
+20:Min External Min Base Heating Temperature
02 Seismic Analysis
- Materil
21:

0.0

3:Dead load of liner and steel roof ‘ T+

200

None ~ | Specify...
Fig 151 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.

Analyses ¥ @X ' LUSAS View: Example.mdl Window 1 X | v

[Slerou... &eattri L/ Utiliti.. ElRepo... [ELayers 60.0 400 200 0.0 200 200 60.|

= & Example.md| ~
= @ Structural analyses
= 01 Base Analysis
- Geometric
40 Material
& & 1:5elfWeight
@ d Loads of Steel Structure

60.0

teelStructureRoof (x 1.0)

(% 6:Pressure on outer tank wall due to insulation
@ all piping loading

@ uid bottom(Max)

@ uid bottom(Min)
&

@

;

;

;

40.0

 10:Gas Pressure(Max)

 11:Gas Pressure(Min)

5 12:Live load

5 13:Snow load

 14:Test load (Liquid)

 15:Test load (Pneumatic)
£ 16:Dead Loads(1-7)

 17:Max External Max Base Heating Temperature

 18:Min External Max Base Heating Temperature
lax External Min Base Heating Temperature
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2 Seismic Analysis o
# 0 Material
:SSE_H
SEV
BE_H
BE V

20.0

Fig 152 Dead Load of Steel Structures on the Roof in a 3D Shell Static Analysis Model
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Dead load of Insulation

All insulation to the base, wall and suspended deck are defined.

Analyses vax
[Slerou.. yAttri |QAna|y..l?umm ERrepo.. [@Layers
= @ Example.mdl ~

3 Structural analyses
£+ 01 Base Analysis
21 Geometric
(2 Material
(- 1:SelfWeight
(% 2:Dead Loads of Steel Structure
(& 3:Dead load of liner and steel roof
) (* 4:Dead load of steel structures on the roof
= @ 5:Dead load of Insulation
3 Loading
8:Insul_q1 (x 1.0)
9:Insul_q2 (x 1.0)
10:Insul_g3 (x 1.0)
11:Insul_q4 (x 1.0)
12:Insul_qr (x 1.0)
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- 7:Wall piping loading
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(% 10:Gas Pressure(Max)

5 14:Test load (Liquid)
5 15:Test load (Pneumatic)
-4 16:Dead Loads(1-7)
17:Max External Max Base Heating Temperature
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Fig 153 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.

=2 Structural analyses
= 01 Base Analysis
401 Geometric
- Material
-4 1:SelfWeight
-5 2:Dead Loads of Steel Structure
4)-(% 3:Dead load of liner and steel roof
41-(% 4:Dead load of steel structures on the roof
1.5 5:Dead load of Insulation
@ 6:Pressure on outer tank wall due to insulation
4 Loading
13:Insul_Pressure (x 1.0)

@ wid bottom(Max)
5-419:Liquid bottom(Min)
-2110:Gas Pressure(Max)
5 11:Gas Pressure(Min)
- 12:Live load
-1 13:Snow load
-1 14:Test load (Liquid)
- 15:Test load (Pneumatic)
% 16:Dead Loads(1-7)
(517:Max External Max Base Heating Temperature

:Min External Min Base Heating Temperature
= 02 Seismic Analysis
1 Material

>

6:Pressure on outer tank wall due to insulation s ‘
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400

200

0.0

Analyses vax LUSAS View: Example.mdl Window 1 X | v
[Blorou.. fyAttri.. Uuliu... Repo... [FLayers 60.0 ~40.0 -20.0 0.0 200 200
S Example.md ~

Fig 154 Insulation Pressure Load in a 3D Shell Static Analysis Model
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Wall Piping Loading

Wall piping loading acts on the outer surface of the wall.

Analyses

[Slerou.. dbAtri IQAnmym:I%umm Erepo... [BLayers

vAX  LUSAS Vie
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Dead load of Insulation
& © 6;Pressure on outer tank wall due to insulation
- @7:Wall piping loading
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14:Wall piping loading (x 1.0)
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513:Snow load
= 14:Test load (Liquid)
© 15:Test load (Pneumatic)
4 16:Dead Loads(1-7)
* 17:Max External Max Base Heating Temperature
* 18:Min External Max Base Heating Temperature
* 19:Max External Min Base Heating Temperature
© 20:Min External Min Base Heating Temperature
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21 Material
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Fig 155 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.

Analyses vax
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% 13:Snow load
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in External Min Base Heating Temperature
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Fig 156 Liquid Bottom Loading in a 3D Shell Static Analysis Model
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Gas Pressure(Max/Min)

Design gas pressure acts on the inner surface of the concrete tank.

Analyses ¥ BX ' LUSAS View: Example.md] Window 1 X | v
[Slerou.. dbAttri A utiliti.. ERepo... [@Layers 60.0 200 200 0.0 200 200 B
=& Example.md A
) @ Structural analyses
“) = 01 Base Analysis -~

#2 Geometric
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:Gas Pressure(Max)
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17:GasPressure(Max) (x 1.0)

M:

60.0

400

20.0

(2 15:Test load (Pneumatic)
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2 Material
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20.0

Fig 157 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( R =0 ~ R =43.23m).
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& 3:Steel Structure_qr
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& 5:Liner_Roof
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42 [ 1263
432 432 00 1263
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===
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Close Cancel Apply Help

Fig 158 Live Load in a 3D Shell Static Analysis Model (Roof)
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Snow load

The snow load is assigned on the top surface of the roof (R = 0 ~ R=43.5555)
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Fig 159 Snow Load in a 3D Shell Static Analysis Model (Roof)

Test load (Liquid bottom)

The Test load (Liquid bottom) acts on the top surface of the base slab.
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Fig 160 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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:Dead load of Insulation
% (3 6:Pressure on outer tank wall due to insulation
& 7:Wall piping loading
% 8:Liquid bottom(Max)
% 219:Liquid bottom(Min)
& (9110:Gas Pressure(Max)
% (911:Gas Pressure(Min)
& 12:Live load
- 13:5now load
£ 14:Test load (Liquid)
= @ 15:Test load (Pneumatic)
@ Loading
24:Pneumatic Test (x 1.0)
25:Pneumatic Test(Base_Roof) (x 1.0)
e vy e )
117:Max External Max Base Heating Temperature
118:Min External Max Base Heating Temperature =

60.0

400

200

19:Max External Min Base Heating Temperature ©
120:Min External Min Base Heating Temperature
= 02 Seismic Analysis
& C Material
©121:SSE_H
©122:85E V
123:08E H
(924:0RF V ~

Fig 161 Test Load (Pneumatic) in a 3D Shell Static Analysis Model

Wind Load

Wind loading for the wall and roof can be added by using ‘LNG Tank> Add Loading>
Wind...” menu. Three types of design codes which are EN1991-1-4 (2005), GB50009
(2012), ASCE 7-16 are provided as follows.
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LNG Tank - Add wind loading X

EN1991-1-4 (2005)

Design code

Design code parameters

Basic wind velocity

Roughness length
Minimum height

Orography factor

Terrain factor

Tubulence factor
i densiy —

Defaults Cancel Help

Analyses vax LUSAS View: Example.mdl Window 1 X ‘

[Blrou.. dAttri Lutiliti.. ERepo... [@layers 60.0 400 200 0.0 200 200

60.0

= 9:Liquid bottom(Min) ~
= 10:Gas Pressure(Max)

- 11:Gas Pressure(Min)

& 12:Live load
&

;i

60.0

= 13:Snow load
© 14:Test load (Liquid)
* 15:Test load (Pneumatic)
# 16:Dead Loads(1-7)
* 17:Max External Max Base Heating Temperature
* 18:Min External Max Base Heating Temperature
* 19:Max External Min Base Heating Temperature
* 20:Min External Min Base Heating Temperature
= @50:Wind load - EN1991-1-4 (2005) - vb = 3
) @ Loading
26:Wind EC1 | vb=
27:Wind EC1 |
28:Wind EC1 |
29:Wind EC1 | vb=
30:Wind EC1 | vb=
31:Wind EC1 | vb=
32:Wind EC1 | vb=
:Wind FC1 | vh=37.5 | Roof (x 1.0)
-2 02 Seismic Analysis
& £ Material
= 21:SSE_H
5 22:SSEV o
= 23:08E_H =
* 24:08E_V
1= 03 Staged Construction Analysis
= 4 25:Annular Part(Staged)
“-C Supports

. F1Lnadina

400

200

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.

142



3D Shell Analysis

B LusAs Bridge Plus - Example.mdl - o X
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design LNG Tank KOGASTank Window Help
DEE® = BB 2 -C B 0- -0 -6 -ENrA S T -Tiv sas-a B sy s are
Layers ¥ X ' LUSAS View: Example.mdl Window 1 X v
[Elo. A Qa. Lu. ER fo.0 400 200 0.0 200 40.0 60.0 80.0 100.0
= @ Bample.mdi
&0 4 do -
@Mesh ® Copy 29
# Deform: & Paste :
FGeomet % patete Properties X
& Attribut
& Utilities | Y. Geometry... Contour Results Appearance
@ View pr ¥ Mesh..
¥ Attributes... Entity Force/Moment - Thick St v
Labels... . o . -
Annotation i mpenent [
Eg ! Display | Averaged nodal v
i
fi Transform | Set... |None |
Vectors... ;g !
| Deformed mesh... i
Diagrams...
Values... Display on slice(s)
RNEES| & propertes... Draw in slice local direction
[J Window summary = Details...
View axes Details... oK Cancel Apply Help
Defauts...
Fig 163 Selection for Contour Display in 3D Shell Model
Layers v &X' LUSAS View: Example.ndl Window 1 X |
[Elo. &ba. QA Lu. Er. G 200 200 200 0.0
=3 Example.mdl
=0 Example.mdl Window 1
& Mesh
# Deformed mesh
 Geometry
& Attributes e
& Utilties E
% View properties
Il
Properties

Mesh  Visualise

[ Wireframe  pep /18 = _ Choose pen...

Transparent
[ solid Maximum shade 60.0
Hidden edges [Jinternal edge

Deformati [[] Show nodes [Joutiine only ~ Threshold  25.0

[IWindow| _JShow normals

Show element axes | [] Orientations only if selected

[ Joints offset distance mm

Vi
e % of elements
D“'a“@ Colour by Mesh colour v | |Sset..
Text Output|
Close Cancel Apply Help
® All messhges—rerrors anu-warmmngr - onmy-errors e

w B X Cyclable Items

Selected Items  Cyclable Items

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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Bl LusAs Bridge Plus - Example.mdl - 5] X
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design LNG Tank KOGAS Tank Window Help
D@l & = BBXx -2+ & ov/vOv@y @ MHA S~ ~-Tiv ¢tidvd k'a.'FE‘WW&JKE

Layers v &X' LUSAS View: Example.mdl Window 1 X |
[Blo.. dor. QA. £u. Er. @ I 80.0 60.0 40,0 20.0 0.0 200 200
=4 Example.md|
-0 Example.md| Window 1
& Mesh 2 Analysis: 01 Base Analysis =
# Deformed mesh = Loadcase: 1:SelfWeight R
35&;“*"" Results file: Example~01 Base Analysis.mys
s Entity: Force/Moment - Thick Shell
# Contours : Mx (Force/Moment - Thic Component: Mx (Units: N.m/m)
3 Annotation
4 View properties -19.077E3
2 -16.3517E3
’ 108611Es
8 g 17585E3
-5.45056E3
-2.72528E3
0.0
S 2.72528E3
Maximum 4.2663E3 at node 13415 o
. R Minimum -20.2612E3 at node 13789
e No deformations drav
[JWindow summary ~Details... . @ X
View axes Details...
Defaults...

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.

B LUSAS Bridge Plus - Example.mdl - o X
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design LNG Tank KOGAS Tank Window Help
DGH® =®Ax 228 0>/ -0-8-ENra $-T-Tivsns-a & K-Mowysoxs

Attributes v 8X " LUSAS View: Example.mdl Window 1 X |
Eo. &a. Qa. Lu. Er. @G 80.0 60.0 200 200 00 200 200

= & Bxample.mdl
-3 Attributes (138)

60.0

-2 Mesh (25) Analysis: 01 Base Analysis 3
(421 Geometric (46) Loadcase: 1:SelfWeight
@ Jg:‘*"" (1;) Results file: Example~01 Base Analysis.| R
s Entity: Force/Moment - Thick Shell
= S Local coordinate (5) Component: Mx (Units: N.m/m)
& Gylindrical (4) .
 1:LocalCoord g -19.077E3
% 3iRoof Local -16.3517E3
& 4:Wall_Local ,1 36264E3
& 5:Wind_Local
e o -10.9011E3
ettt | ||| -B.17585E3
3 Activate elements (1) -5.45056E3
& LiActivate . -2.72528E3
(= ‘3 Deactivate elements (2) S 00
AL
o i 2.72528E3
542 Equialence mesh (1) Maximum 4.2663E3 at node 1341
iEay lor o beams Minimum -20.2612E3 at node 137886f element 4901 z

) & Search area (1)
& 1:SearchArea(Roof)
5 & Resuls Transformation (3)
& 1:ResultTransformation_Roof
& 2:ResultTransformation_Wall
& 3:ResultTransformation_BaseSlab:

00

< >

None ~ | Specify...

Fig 166 Local Coordinate in a 3D Shell Model

This local coordinate can be used for viewing results as shown below. Select
‘LocalCoord’ for Specified local coordinate, and ‘theta/z’ for Shell plane for
resultants as the wall surface element axis have a theta and z direction.
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B Lusas Bridge Plus - Example.md! - o X
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design LNGTank KOGAS Tank Window Help
CodE & = ®AX 2-C- 8 0/ 0 -G @Al $-T T i sne-d oK Fhery 8] ne@
Layers vax LUSAS View: Example.mdl Window 1 X v
Eo.. &a. QA. Lu. ER. @ 800 500 200 200 0.0 200 200
= 3 Example.mdl o
=0 Example.md| Window 1 3 . .
& Mesh Analysis: 01 Base Analysis <
# Deformed mesh Loadcase: 1:SelfWeight .
gf:?ﬂ Results file: Example~01 Base Analysis. R
© Utities Entity: Force/Moment - Thick Shell
] Contours : Mx (Force/Mg = Component: Mx (Units: N.m/m)
£ Annotation ! Display
4« View properties Transparent -19.077E3
= Rs
® Copy -13.
C ren -10.9011E3
= [ -8.17585E3 Resuits Transformation
-5.45056E3 Contour Results Appearance.
Move Up 2/ 72528E3 O No transformation applied (consult Solver manual)
o O Local axes of element/node
Move Down 0.0 oy [ECiosemeRtCTHENSIIE] O Local coordinate of parent feature
2.72528E3 Component i - O Globa axes
O Material
1 Display Averaged nodal v
Maximum 4.2663E3 at node 1341 T [ e gmm s
Minimum -20.2612E3 at node 137 e e ok =
DBeformations.y|  No deformations drav| [, Shell plane for rhheta <
raw in slice local direction () Reference path
[CJWindow summary |~ Details... o s e drect e
[ View axes Details... Cancel Aopl x= longitudinal 'y = transverse
Defaults... v & X Cyclable ltems 7 liE

Fig 167 Contour Display using Local Coordinate in a 3D Shell Model

If a local coordinate of ‘LocalCoord’ is chosen, the result component of ‘Mt’ can be

displayed, where ‘t’
system.

represents tangent direction in the cylindrical local coordinate

Layers ¥ &X " LUSAS View: Example.mdl Window 1 X v
[Blo.. A Qa. u. Er. @G -80.0 -60.0 400 200 00 200 400
& Example.mdl o
£ O Example.mdl Window 1 3 . .
& Mesh Analysis: 01 Base Analysis h
# Deformed mesh Loadcase: 1:SelfWeight
gGm“’V Results file: Example~01 Base Analysis. [i3
- Entity: Force/Moment - Thick Shell
Transformation: Local Coords "Local
- Component: Mt (Units: N.m/m)
@ View properties &
-7.88762E3
-6.76082E3
S
B 3 38041E3
- -2.25361E3
S -1.1268E3
i 00 o x
Maximum 2.21505E3 at node 137888 element 4900 Contour Resulks Appaerancel
m Minimum -7.92618E3 at node 13782 of element 4896 e
o Component Mt v
[CJwindow summary = Details... Display ] 5
[ View axes Detais... Transform | Set. | | LocalCoord
Defaults...
Text Output w & X Cyclable Items Display on sice(s) x
(® All messages O Errors and warning: O Only errors O LPI Commands | Clear all Selected ltems  Cyclable Items. Draw in siice local direction
AR O1:21 40662 =a<WARNINGsx ELEMENT NUMBER 615 UNREASONABLY DISTORTED, RATIO LONGEST/SHORTEST SIDE ‘
< > B Close Cancel Apply Help L

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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Results Transformation X

1 O Local axes of element
O Local coordinate of parent feature

O Global axes
(® Specified local coordinate
herical for F i v ‘
Shell plane for theta/phi v
O Reference path
No objects defined ]
x = longitudinal y = transverse
Name | ResultTransformation_Roof vIE @

Cancel ‘ Apply Help

Ay
ity

==,
! Results Transformation X
1 O Local axes of element
1 O Local coordinate of parent feature
o O Global axes
(® Specified local coordinate
1:LocalCoord ¥
Shell plane for \tl'ﬁta/z—v
O Reference path
No objects defined v
x = longitudinal y = transverse
Name | ResultTransformation_Wall vIEH@
[ ok | cancel | Aoy || Hep |
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Attributes vax

[Slo.. &a. Qa. Lu. Er. G
— 2 Example.mdl
£ @ Attributes (138)
23 Mesh (25)
#-21 Geometric (46)
(& 2 Material (14)
4 21 Supports (7)
421 Loading (33)
& Local coordinate (5)
)@ Cylindrical (4)
@ 1:LocalCoord

& Spherical (1)
& 2:Spherical for ForceExtraction

) & Activate elements (1)

& LiActivate
@ Deactivate elements (2)

& LiDeactivate

& 2:Deactivate(Roof)
S Equivalence mesh (1)

& 1:Equ for rigid beams
@ Search area (1)

& 1:SearchArea(Roof)

=]
& 1:ResultTransformation_Roof

& 2:ResultTransformation_Wall

& 3:ResultTransformation_BaseSlab|

40.0

200

00

Analysis: 01 Base Analysis
Loadcase: 1:SelfWeight
Results file: Example~01 Base Analysis.m:
Entity: Force/Moment - Thick Shell
Transformation: Assigned attribute
Component: Nx (Units: N/m)

-361.155E3
-180.577E3
0.0

180.577E3
5 3617155E3
541.732E3
722/300E3
902.886E3
1.068346E6

Maximum 1.23657E6 at node 15411
Minimum -388.629E3 at node 1624

Fig 169 Results Transformation in a 3D Shell Model

| Results Transformation X
O Local axes of element
O Local coordinate of parent feature
O Global axes
(® Specified local coordinate
==eeeess 1:LocalCoord ¥ ‘
=
e Shell plane for r/theta v
=
SIS
0‘.‘.:‘::’:: O Reference path
No objects defined v
x = longitudinal y = transverse
Name\ ResultTransformation_BaseSlab M=)
| oK Cancel ‘ ‘ Apply Help ‘
Example.mdl Window 1 X
800 600 400 200 00 200 400
o
K ~

This results transformation can be used for viewing results as shown below. Select
‘Assigned results transformation attribute’.

147




Examples — User Inputs
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Component Nx
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Results Transformation X
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Trar\sfom\ISeQ..,I‘ o rI

Display on slice(s)
Draw in slce local direction
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e |

Close Cancel

Text Output |
(®) All messages () Errors and warning: () Only erron

AN 01221 4N6R> mesbONTHAsnn _FTUENT \IBRED
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O Specified local coordinate
5:Wind_Local

Shell plane for
(O Reference path
No objects defined

x = longitudinal y = transverse
vax

X Cyclable Items

Selected Items  Cyclable Items

Cancel Help

Fig 170 Contour Display using Results Transformation in a 3D Shell Model

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.

Layers v 8X ' LUSAS View: Example.md] Window 1 X |
[Slo.. dba. Qa. Lu. Er. G 800 600 400 200 00 200 200
=2 Example.mdl
-0 Example.md| Window 1
& Mesh Analysis: 01 Base Analysis .
# Deformed mesh Loadcase: 1:SelfWeight B
g‘;e"'b“e"y o Results file: Example~01 Base Ana Jo
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# Contours : Transformed Nx (Force/M Transformation: Assigned attribute
3 Annotation Component: Nx (Units: N/m)
% View properties
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g S80.577€3
Ul B 361155Es
541.732E3
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902.886E3
1.08346E6
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[ View axes Details...
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Fig 171 Nx Contours in a 3D Shell Model
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vax LUSAS View: Example.mdl Window 1 X

400

-80.0 0.0
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[Elo. &a. Qa. u. Er. G
) & Example.mdl
= 0 Example.mdl Window 1
& Mesh
# Deformed mesh
& Geometry
& Attributes. 2
S Utilties ¥
## Contours : Transformed Ny (Force/
3 Annotation
 View properties
o
< > (I|°
Derormational| | No deformations drav
[ Window summary = Details....
[] View axes Details...
| pefaus... | S
S

Values

Values can be displayed for chosen nodes by adding the Values layer to the Layers

treeview.

Layers vax

Analysis: 01 Base Analysis
Loadcase: 1:SelfWeight

Results file: Example~01 Base Anal
Entity: Force/Moment - Thick Shell
Transformation: Assigned attribute
Component: Ny (Units: N/m)
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Maximum 150.161E3 at node 15
Minimum -172.08E3 at node 157

Fig 172 Ny Contours in a 3D Shell Model
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Fig 173 Value Display in a 3D Shell Model

Selecting nodes in the View window shows values for just those nodes.
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Layers w8 X| " LUSAS View: Example.mdl Window 1 X |
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Defaults...

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

Transformation: Local Coords "LocalCoord"
Component: Mt (Units: N.m/m)
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Fig 175 Line for Slicing Results in a 3D Shell Model

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

component.
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Fig 176 Graph Through 2D in a 3D Shell Model (1)
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Fig 177 Graph Through 2D in a 3D Shell Model (2)

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

Export Forces to Excel (3D)

The forces calculated for the sliced section can be exported to a spreadsheet by
selecting the menu item LNG Tank > Excel Tools > Export Forces...

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

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)

U 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.
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LNG Tank - Export Forces/Moments to Excel (3D) X
Output filename Test |
Working folder @ Current (O User Defined
oo [T rojects\Test_Wall_Ringbeam.xisx I
Target Range
Angles : 20 degree (eg. 10;20;30)

(O Base slab (® Wall + Ringbeam O Roof OAll
Interval: | 05 m]

Loadcases 07
Diameter of crosswise piles

[m]

Diameter of circumferential piles 08 [m]

[] Combinations only

ead Loads of Steel Structure
3:Dead load of liner and steel roof
4:Dead load of steel structures on the roof

5:Dead load of Insulation
6:Pressure on outer tank wall due to insulation
7:Wall piping loading

8:Liquid bottom(Max)

9.Liquid bottom(Min)

10:Gas Pressure(Max)

as Pressure(Min)

12.Live load

13:Snow load

14:Testload (Liquid)

15:Testload (Pneumatic)

16:Dead Loads(1-7)

17:Max External Max Base Heating Temperature
18:Min External Max Base Heating Temperature

10-May Evtamal Min Raca Hastinn Tamnaratra

Slicing Line

Angle (Positive Direction)

X axis (0 Degree)

Cancel Help

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

Axial Force of Wall_Ringbeam (Hoop)

Type Avial Force Sign Convention

—

s
[LoadCase | Max [ Min_ [0 Selfvvegnt
T T I

5 oo 81 Axial Force of Wall_Ringbeam (Hoop) Axial Force of Wall_Ringbeam (Hoop)

1050 ool ool | 0% § oo

13 00| 000 20000 20000

1500 000 000) 000 500 1000 1500 2000 2500 3000 3500 00 4500 000 10.00 2000 3000 0 5000

| AxialForce Hoop __AxialForce RV___Shearforce Hoop | ShearForce RV | _Moment-Hoop __Moment-RV | &

Fig 180 Section Force Spreadsheet for Self Weight

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.
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Examples — User Inputs

Axial Force of Wall

LNG Tank - Export Forces/Moments to Excel (3D)

Forces and Moments

uLs Ut

Loadcases

1:SelfWeight
2:Dead Loads of Steel Structure

3:Dead load of liner and steel roof

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

6:Pressure on outer tank wall due to insulation
7:Wall piping loading

rojects\Test All Loadcases_Wall_Ringbeam.)|

045

| degree (eg. 10;20;30)

Output filename Test All Loadcases
Working folder (@® Current (O User Defined
Savein e
Target Range
OpBaseslab @ Wall +Ringbeam O Roof Oai
Results to extract

Diameter of crosswise piles :

Diameter of circumferential piles :

Slicing Line
Angle (Positive Direction)

X axis (0 Degree)

Cancel Help

Fig 181 Export Forces for a 3D Shell Model (2)
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Fig 182 Section Force Spreadsheet for All Loadcases
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3D Shell Analysis

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

Moment: (+) for Inner side tension, (-) for outer side tension.
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