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Overview

Overview

LNG Tank Modelling

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 titled ‘LNG Tank System: Part 2 — Design

Checks’ covers the procedures involved in performing design checks using the LNG
Tank System.

Capabilities

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

2D Axisymmetric Static Structural Analysis
2D Axisymmetric Construction Stage Analysis
2D Axisymmetric Thermal Analysis

3D Shell Static Structural Analysis

3D Shell Eigenvalue Analysis

2D Beam-Stick FSSI Seismic Analysis

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




2D Axisymmetric Static Structural Analysis

2D Axisymmetric Static Structural Analysis

Elements

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

Groups / Materials

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

Group Key Material Key

Wall Analysis: Analysis 1
. RingBeam BaseSlab

Roof Wall

BaseCircularPart RingBeam
I BaseAnnularPart Roof

1. B B

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
Tank type Target models to build
Material : Concrete o a s 2D axisymmetric coupled thermal/structural
A e . 2D beam-stick seismic 3D shell structural

Tank Definifon Load | Prestress | Insulations| Support (3D) | Seismic| Ground|
Base Slab and Roof Wall and Ring beam Materials Support (2D)

Support type

Pile Support < Update from Support(3D)
Fixed Support
Pile Support
Distributed spring support Iy rR— =

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.

Distributed Spring Support

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

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

Loadings

Only the outer concrete tank is built in the model. This will be investigated using 17
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

Bl Wwall Analysis: Analysis 1
RingBeam I BaseSlab

Il Roof Wall
BaseCircularPart I RingBeam

I BaseAnnularPart Roof

A A

I—»x . I»»x

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

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

Construction Stages

Fourteen construction stages are built using activation and deactivation of elements and
a nonlinear analysis sequence which inherits the stresses and strains from the previous
stages if ‘Roof first stage thickness’ is not set to be 1. The materials are assumed to be
linear elastic.
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Fig 5 Activation and Deactivation in a Staged Construction Analysis Model
— Layered roof option 1
Stage Description Note

No. 1 Annular part

No. 2 1) + Base 15 PS

No. 3 2) + Circular part

No. 4 3) + Base 2nd PS

No.5 | 4)+Wall

No. 6 5) + Ringbeam

No. 7 6) + Ringbeam 1*' PS

No. 8 7) + Roof Framel

No. 9 7) + Inner Tank Work

No. 10 9) + Roof Frame 2

No. 11 9) + Roof Frame 3




2D Axisymmetric Construction Stage Analysis

Stage Description Note

No. 12 | 9) + Roof Lower Wet Concrete

No. 13 | 7) + Roof Lower Complete

No. 14 13) + Roof Upper Wet Concrete

No. 15 14) + Roof Complete

No. 16 | 15) + Ringbeam 2" PS

No. 17 | 16) + Vertical PS

No. 18 17) + Horizontal PS

No. 19 18) + Operating Stage Prestress short

No. 20 18) + Operating Stage (Long) Prestress long

Table 1 Sequence of Construction Stages — Layered roof option
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Fig 6 Activation and Deactivation in a Staged Construction Analysis Model

— Layered roof option 2
Stage Description Note
No. 1 Annular part
No. 2 1) + Base 15 PS
No. 3 2) + Circular part
No. 4 3) + Base 2nd PS
No. 5 4) + Wall
No. 6 5) + Ringbeam
No. 7 6) + Wall End 1*' PS
No. 8 7) + Ringbeam 1*' PS
No. 9 8) + Roof Framel
No. 10 8) + Inner Tank Work
No. 11 10) + Roof Frame 2
No. 12 10) + Roof Frame 3
No. 13 10) + Roof Lower Wet Concrete
No. 14 | 8) + Roof Lower Complete
No. 15 14) + Roof Upper Wet Concrete
No. 16 14) + Roof Complete
No. 17 | 16) + Wall End 2" PS
No. 18 | 17) + Ringbeam 2™ PS
No. 19 18) + Vertical PS
No. 20 19) + Horizontal PS
No. 21 20) + Operating Stage Prestress short




2D Axisymmetric Construction Stage Analysis

Stage Description Note

No. 22 | 20) + Operating Stage (Long) Prestress long

Table 2 Sequence of Construction Stages — Layered roof option 2
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Fig 7 Activation and Deactivation in a Staged Construction Analysis Model

— Single Layered roof 1

Stage Description Note

No. 1 Annular part

No. 2 1) + Base 1% PS

No. 3 2) + Circular part

No. 4 3) + Base 2nd PS

No.5 | 4)+ Wall

No. 6 5) + Ringbeam
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Stage Description Note
No. 7 6) + Ringbeam 1 PS
No. 8 7) + Roof Framel
No. 9 7) + Inner Tank Work
No. 10 | 9) + Roof Frame 2
No. 11 9) + Roof Frame 3
No. 12 | 7) + Roof Wet Concrete
No. 13 7) + Roof Complete
No. 14 | 13) + Ringbeam 2" PS
No. 15 14) + Vertical PS
No. 16 15) + Horizontal PS
No. 17 16) + Operating Stage Prestress short
No. 18 16) + Operating Stage (Long) Prestress long
Table 3 Sequence of Construction Stages — Single Layered roof 1
b '.;_. .......... 4:.:; .—_—4;:=. L '_ -
o D & ( AN
© | o T : o |
= T T Ty
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Fig 8 Activation and Deactivation in a Staged Construction Analysis Model
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2D Axisymmetric Construction Stage Analysis

— Single Layered roof 2

Stage Description Note

No. 1 Annular part

No. 2 1) + Base 1% PS

No. 3 2) + Circular part

No. 4 3) + Base 2nd PS

No.5 | 4)+ Wall

No. 6 5) + Ringbeam [

No. 7 6) + Wall End 1*' PS

No. 8 7) + Ringbeam 1*' PS

No. 9 8) + Wall Ringbeam

No. 10 | 9) + Roof Framel

No. 11 9) + Inner Tank Work

No. 12 11) + Roof Frame 2

No. 13 11) + Roof Frame 3

No. 14 | 9) + Wall End 2™ PS

No. 15 14) + Ringbeam 2™ PS

No. 16 15) + Roof Wet Concrete

No. 17 15) + Roof Complete

No. 18 17) + Vertical PS

No. 19 18) + Horizontal PS

No. 20 19) + Operating Stage Prestress short

No. 21 19) + Operating Stage (Long) Prestress long

Table 4 Sequence of Construction Stages — Single Layered roof 2
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LNG Tank Modelling

If the ‘Roof first stage thickness’ is set to be ‘1°, then 17 construction stages are built
using activation and deactivation of elements and a nonlinear analysis sequence which
inherits the stresses and strains from the previous stages.
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Fig 9 Birth and Death Staged Construction Analysis Model (Roof ratio for 1% built =1)

Stage Description Note

No. 1 Annular part

No. 2 1) + Base 1 PS

No. 3 2) + Circular part

No. 4 3) + Base 2nd PS

No. 5 4) + Wall Ringbeam

No. 6 5) + Ringbeam 1*' PS

No. 7 6) + Roof Framel

No. 8 6) + Inner Tank Work

12




2D Axisymmetric Construction Stage Analysis

Stage Description Note

No. 9 8) + Roof Frame 2

No. 10 | 8) + Roof Frame 3

No. 11 8) + Roof Wet Concrete

No. 12 | 6) + Roof Complete

No. 13 | 12) + Ringbeam 2™ PS

No. 14 13) + Vertical PS

No. 15 14) + Horizontal PS

No. 16 15) + Operating Stage Prestress short

No. 17 16) + Operating Stage (Long) Prestress long

Table 5 Sequence of Construction Stages (Roof Ratio for 1% Built =1)

Loadings

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

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

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

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

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

If ‘Spillage’ loading for ‘Thermal Loading’ is defined in the Tank Definition,
additional loadcases for a spillage condition are also created.

New Model
File name ‘ LNG Tank | ‘
Working folder
(O Recent ‘ C:\Users\ohsso\Downloads ‘
(® User-defined ‘ C:\Users\ohsso\Documents\LUSAS200\Projects ‘ Set...

Model properties

Analysis type Coupled thermal/structural ~ | Model units N,mkg,s,C ~
Analysis category | <Select> v Timescale units Seconds o
Optional

Startup template  None ... Layout grid None -
Title ‘

Job number ‘ ‘

Fig 10 New Model Dialog Setting Thermal/Structural Coupled Analysis
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2D Axisymmetric Thermal Analysis

Elements

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

Surface Mesh X ||surface Mesh X
Analysis category Analysis category
‘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 11 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.

15



LNG Tank Modelling

Group Key

Insulation i
Soil
Concrete

Fig 12 Insulation Elements Separated from Structure Elements

Ground (Soil)

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

16



2D Axisymmetric Thermal Analysis

Group Key

Insulation
Soil
Concrete

| SRR L
o mﬁk@>+%§G>AJ
ﬁﬁ SRS v m eV m e e G

S i R W S VS

Fig 13 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
Roof Insulation

Roof Insulation Leveling concrete
Leveling concrete Dry Sand
Dry Sand Cellular Glass(Type1)

Cellular Glass(Type1) I Perlite Concrete(Base Slab)
I Perlite Concrete(Base Slab) Loose Fill Expanded Perlite(Wall)
Loose Fill Expanded Perlite(Wall) Resilient Glass Fiber Blanket(Wall)
Concrete
Multiple assignments

Concrete

Resilient Glass Fiber Blanket(Wall)
Multiple assignments

-

L

Fig 14 Group and Material Assignments in 2D Axisymmetric Thermal Analysis Model
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Supports and Loading for Thermal Analysis

The 1%t Loadcase

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

assigned.

Analyses

[Bleroups &Attributes (QAnalyses o Utilities [ElReports [ElLayers

S Thermal_Thermal.mdl

= 3 Thermal analyses
+ Analysis 1 (Thermal)

#-0 Material

% (1 Thermal surface

= 3 Loading
1:Initial Temperature of Structure (x 1.0)
2:Initial Temperature of Soil (x 1.0)

£ 4:0perating Condition(Thermal)
110 Supports
42 Loading
% Nonlinear and Transient
= 6:Spillage 1 Condition(Thermal)
# 21 Supports
#-0 Loading
4 Nonlinear and Transient
% Nonlinear analysis options
5 Structural analyses
&= Analysis 1
4 2 Material
(% 1:Initial Condition(Structural)
#21 Supports
% Nonlinear and Transient
(% 3:0perating Condition(Structural)
% Nonlinear and Transient
% 5:Spillage 1 Condition(Structural)
4 Nonlinear and Transient
% Nonlinear analysis options
% Coupled analysis options
% Model properties

v ax

LUSAS View: Thermal_Thermal.mdl Window 1 X

vx 0.0 20.0 40.0 60.0
s
Loading Key
Analysis: Analysis 1 (Thermal)
Loadcase: 2:Initial Condition(Thermal)
S Initial Temperature of Structure
« Initial Temperature of Soil

Fig 15 Thermal Analysis -1* Loadcase

18



2D Axisymmetric Thermal Analysis

The 2™ Loadcase

Liquid temperature is assigned to inner side of the insulation.

Analyses ¥ & X | LUSAS View: Thermal_Thermal.mdl Window 1 X
[Sleroups dAttributes (QAnalyses o Utilities [EReports [FLayers  |[[¥[20.0 0.0 20.0 400 60.0
=& Thermal_Thermal.md 8
= & Thermal analyses
= = Analysis 1 (Thermal)
(-3 Material
(3 Thermal surface
{5 2:Initial Condition(Thermal)
- @ 4:Operating Condition(Thermal)
=@ Supports
A Thammals
-3 Loading
3:Soil Bottom Constant Temperature (x 1.0)
4:External Temperature of Roof (x 1.0) :
5:External Temperature of Wall/Slab (x 1.0) IA%Z?;glgs 'K:r){alysis 1 (Thermal)
6:External Temperature of Soil (x 1.0) . ) 1)
7:Liquid Temperature (x 1.0) Loadcase: 4:Operating Condition(Thermal)

|
I

. E |

§:8se Heating (x 1.0) l Soil Bottom Constant Temperature ||
|

40.0

20.0

G NORTEST ST TPamerenT Ext | T t  Roof
- 6:Spillage 1 Condition(Thermal) EX ernal lemperature of Roo
0 Supports Ex}erna: _IT_empera:ure o; gVa:I/SIab
+ G Loading xternal Temperature of Soi
% Nonlinear and Transient B Liquid‘Temperature
% Nonlinear analysis options Base Iﬂeating

= @ Structural analyses
£ = Analysis 1
& 2 Material
(% 1:Initial Condition(Structural)
& Supports
% Nonlinear and Transient
(% 3:0perating Condition(Structural)
% Nonlinear and Transient
(= 5:Spillage 1 Condition(Structural)
® Nonlinear and Transient

0.0

4 Nonlinear analysis options
4 Coupled analysis options
4 Model properties

-20.0

Fig 16 Thermal Analysis — 2" Loadcase

If a 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 ® 5 0"Bass Heating

Mame |Base Heating - @

ol renly e

Fig 17 Base Heating Temperature in a 2D Axisymmetric Thermal Analysis Model
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LNG Tank Modelling

Base heating temperature is assigned to the selected line as shown in [Fig 20]. This line

will be split as the base heating length defined in Tank Definition if it is not the same
as the total length off the base slab.

Fig 18 Base Heating Temperature in a 2D Axisymmetric Thermal Analysis Model

Tank Definition

X
Tank type Target models to build
Material Concrete < 2D axisymmetric coupled thermal/structural
I rmrgers . 2D beam-stick seismic 3D shell structural

Tank Definfion Load | Prestress| Insulations | Support (3D) | Seismic| Ground|
Base Slab and Roof Wall and Ring beam Materials Support (2D)

Base slab (Units: m)

Circular part length (L_inner) 398

c
Circular part depth (D_inner) 12 !
Tapered section length (W_t) 06 ] Linner | Louter |
Annular part length (L_outer) 7 ] I -
Annular part depth (D_outer) hs ]
Base heating (D_heating) 038 |

| Base heating (L_heating) 465 I W,
Ground level (D_ground) 09 5 ‘

Fig 19 Base Heating Length for 2D Axisymmetric Thermal Analysis Model
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2D Axisymmetric Thermal Analysis

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 ¥ &X' LUSAS View: Thermal_Thermal.mdl Window 1 X

[Sleroups &%Attributes (QAnalyses & Utilities [EReports [Eltayers B 0.0 20.0 40.0 60.0
5 & Thermal_Thermal.mdl 8
= & Thermal analyses
= Analysis 1 (Thermal)
-G Material
@ Thermal surface
-5 2:Initial Condition(Thermal)
:Operating Condition(Thermal)
:Spillage 1 Condition(Thermal)
{1 @ Supports
& OLoading
% Nonlinear and Transient
4 Nonlinear analysis options
=) & Structural analyses
== Analysis 1

40.0

20.0

0.0

10:Pile_10
11:Pile_11

12:X Fixe
13:Dummy Support
4 Nonlinear and Transient
- 3:0perating Condition(Structural)
4% Nonlinear and Transient
(2 5:Spillage 1 Condition(Structural)
4% Nonlinear and Transient
4 Nonlinear analysis options
% Coupled analysis options
@ Model properties

-20.0

1:1nitial Condiition(Structural) ‘ e

Fig 20 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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LNG Tank Modelling

3D Shell Static Structural Analysis

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

Elements & Geometric Properties

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

Fig 21 3D Shell Model for Static Analysis

z

Fig 22 3D Shell Model Thickness Variation at Roof and Slab

Buttresses

Buttresses can be included in the model with separate surfaces accepting separate

geometric and material properties. The number of buttresses that can be defined is 0, 2,
3,4 or6.

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

22



3D Shell Static Structural Analysis

LNG Tank - Base Model for Design Check X
Tank definition data Tnk1 v
Model filename [Exampie] |
Saved model file path C:L 1ts\LUSAS200\Proj ple.mdl ‘

Modeling options

Element size (m) 2.0 [[] Half symmetric model
Number of eigenvalue 10

Include non-structural masses in the eigenvalue analysis

Concrete Tank Options

Buttress Construction Scenario - Single layered roof 1
N DeorEess 4 o 1-Base/Wall/ Ringbeam
2 - Ringbeam 1stPS
Extruded thickness - ) 3 - Roof frame 1/ Inner work
Buttress width 50 (m) 4 - Roof frames 2,3

5 - Roof wet / Roof complete

RocilHingbeam 6 - Ringbeam 2nd PS
Roof construction plan Single layered roof 1. 7-Wallvertical S

8 - Wall horizontal PS
Roof first stage thickness (ratio) 05

Initial prestress for ringbeam (ratio) 0.5
Initial prestress for base slab (ratio)

Fig 23 User Input for the Number of Buttresses in a 3D Shell Model

’\"‘B)ut'tress Width

Extruded Thickness

Fig 24 Buttress Definition for a 3D Shell Model
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LNG Tank Modelling

Groups and Materials

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

Group Key

BaseSlab
Roof
Roof_Ringbeam_Dummy

Ringbeam_Buttress
I Ringbeam_Regular
Wall_Dummy_Regular
Wall_Regular
Wall_Dummy_Buttress
Wall_Buttress
Wall_Tapered_Buttress
Wall_Tapered_Regular
Wall_Tapered
Base_Wall_Dummy
Multiple assignments

Fig 25 Groups in a 3D Shell Model

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

Material Key
Analysis: 01 Base Analysis

Wall

Base_Wall_Dummy
BaseSlab

RingBeam
Roof_Ringbeam_Dummy
Roof(half_mass)

[ Roof

Fig 26 Material Assignments in a 3D Shell Model
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3D Shell Static Structural Analysis

Support Conditions

Three different types of support conditions can be defined.

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

Pile Support

If “Pile Support’ is chosen, the stiffness of each pile should be defined further from the

user input dialog as shown in [Fig 38]. The spring support will be assigned to each of
pile locations.

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
Tank type Target models to buid
Material Concrete e [] 2D axisymmetric coupled thermal/structural
P above ground > 2D beam-stick seismic 3D shell structural
Tank Definfion | Load | Prestress ,I,“ ) IsS-sm-c\ Ground|
Base Support
Support type Circumferential Support
]
’
Simplfied foundation - Vettical  Horizont ~
D Rim] ‘"[;‘:‘ :2:“15 Numberof  sifiness  stifnes Add !
9 P [kN/m] [kN/m] !
Del
) 367 00 56 523018E3  42.207E3 ¢
No. cir: 184 ’
]
[ Ee 213 2 408 00 60 523018E3 422973 Setzero i
’
X2 Cir 156.1965E3 '
v| | setdefauts |p
£X2Cross : 63.7157E3 ’1( 449 00 B8 523 018F3 42 7Q7F)fl 4
Crosswise support stfiness
e — Verical siffness [kNim]  [523.018E3 Horizontal stifness [kN/m]  [42.267E3
X coordinates (Units: m) Y coordinates (Units: m)
Add column
P P2 P3 P4 5 ) P7 ~ 1 P2 P3 P4 P5 P6 7~
MQ 84 126 1868 210 252 “00 00 00 00 0.0 00 Add row
00 42 84 126 168 210 252 42 42 42 42 42 42 42 Del column
00 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
JB 22 2 i Rt . S Set defaulis
Name | Trk1 “ls @
Close Help

Fig 27 Input for Pile Locations and Stiffnesses
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LNG Tank Modelling

Fig 28 Support Condition for a 3D Shell Model (Pile Support / Regular Support)

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

17 loadcases, as defined for a 2D Axisymmetric Model, are all included in a 3D Shell
Model. Wind load can be added through LNG Tank > Add loading> Wind... menu to
3D Shell model.
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LNG Tank - Add wind loading X

focianie EN1991-1-4 (2005) v

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 29 User Input for Wind Load for a 3D Shell Model

Other Options

Half Only Model

A half model is produced with symmetrical support conditions when the ‘Half only
model’ option is selected.
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Tank definition data
Model filename

Saved model file path
Modeling options
Element size (m)

Number of eigenvalue

Concrete Tank Options
Buttress

Number of buttress

Extruded thickness

Buttress width

Roof / Ringbeam

Roof construction plan

Tnk1

Example

C:\Users\ohsso\Documents\LUSAS200\Projects\Example.mdl

[10
50

Single layered roof 1

Roof first stage thickness (ratio) 0.5
Initial prestress for ringbeam (ratio) 0.5
Initial prestress for base slab (ratio) 0.5

I [] Half symmetric model I

Include non-structural masses in the eigenvalue analysis

Construction Scenario - Single layered roof 1

1-Base /Wall/ Ringbeam
2 - Ringbeam 1stPS

(m) 3 - Roof frame 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

Fig 30 User Input for a 3D Shell Model (Half Model)
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Fig 31 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, ringbeam) will be added to the mass of each member to
compute the sum of total mass including non-structural masses. The equivalent
structural masses will be computed by dividing total mass including non-structural
masses by volume of each member. The calculation spreadsheet will be created with
the same name as the model filename and stored in the user-defined working folder.
The use of the ‘Include non-structural masses’ option is explained further in the section
titled ‘Examples of 3D Shell Analysis.’
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Tank definition data Tnk1 v
Model filename |Example ‘
Saved model file path |C:\Usars\uhssc\Documams\LUSASZDO\PrDjems\ExampIa.mdl ‘

Modeling options

Element size (m) ‘2.0 ‘ Half symmetric model

Number of eigenvalue

I Include non-structural masses in the eigenvalue analysis

Concrete Tank Options

Buttress Construction Scenario - Single layered roof 1
Number of buttress 4 o 1-Base / Wall/ Ringbeam
2 -Ringbeam 1st PS
Extruded thickness 1.0 (m)

3 - Roof frame 1/ Inner work

Buttress width 5.0 (m) 4 - Roof frames 2,3

5 - Roof wet / Roof complete

Roof/ Ringbeam 6 - Ringbeam 2nd PS
Reef construction plan Single layered roof 1. ~ SR GcalES

8 - Wall horizontal PS
Roof first stage thickness (ratio) 0.5

Initial prestress for ringbeam (ratio) 0.5
Initial prestress for base slab (ratio) 0.5

Cancel Help

Fig 32 User Input for Eigenvalue Analysis Model including Non-Structural Masses
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3D Shell Static Structural Analysis

Summary of Mass Calculation

DIMENSION

ponen

Inner Tank Radius 42.1
Tank Height 40.06|
LNG Height 38.92]

SUMMARY FOR MASS
Unit mass Structural mass Total mass il
Component mass
kg kg kg/m®
Roof 3,967 2,500 9,917,753 12,027,753 Not Used
Ringbeam{upper) 490 2,500 1,225,993 1,225,993 2,500
Ringbeam(lower) 433 2,500 1,081,758 1,081,758 2,500
'Wall & Buttress 9,123 2,500 22,806,425 23,630,425 2,590
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 2,479,105 2,799,105 8,863
MASS DETAILS
ponent Descl ns Mass (kg)
Roof Concrete Roof (= Roof volume * unit concrete mass) 9,917,753
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 12,027,753
Ring Beam Concrete Ring Beam (= Ring Beam volume * unit concrete mass) 2,307,751
wall barrier plate -
wall piping and support -
Others -
Total 2,307,751
Outer Concrete Wall |Concrete Wall (= Wall volume * unit concrete mass) 22,806,425
corner protection 242,000
wall barrier plate 494,000
wall piping and support 88,000
Others -
Total 23,630,425
Base Slab Concrete base (= Base slab volume * unit concrete mass) 21,797,085
Others 3,128,000
Total 24,925,085
Inner Steel Tank 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 33 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.

Tnk1

Tank definition data

Model filename ‘Example

Saved model file path

[c:\Users\ohsso\Documents\LUSAS200\Projects\Example.mdl |

Modeling options

Element size (m)

Half symmetric model

I Number of eigenvalue

Include non-structural masses in the eigenvalue analysis

Concrete Tank Options
Buttress
Number of buttress 4

Extruded thickness

Buttress width

Roof / Ringbeam

Roof construction plan
Roof first stage thickness (ratio)
Initial prestress for ringbeam (ratio)

Initial prestress for base slab (ratio)

Single layered roof 1 v

Construction Scenario - Single layered roof 1

~ 1-Base/Wall/ Ringbeam
2 - Ringbeam 1st PS
(o) 3 - Roof frame 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

0.5

Cancel

Help

Fig 34 User Input for a 3D Shell Model for Eigenvalue Analysis

v ax
@ Anal.. o Utiliti..[ElRepo... [ElLayers

Analyses

[Blerou.. dyAttri

/& Example_3D.mdl
(=3 Structural analyses
4% 01 Base Analysis
#-= 02 Seismic Analysis
% = 03 Staged Construction Analysis
= 05 Eigenvalue Analysis
i Matarial
/(5 52:Eigenvalue I
% Eigenvalue
=3 Post processing
:WO Roof RingBeam 1st PS ONLY
WO Roof RingBeam All PS ONLY
WO Roof Framel ONLY
WO Roof Dead Load Others
WO Roof Frame2 ONLY
WO Roof Frame3 ONLY
Roof Wet Concrete ONLY

RingbeamPS VerticalPS ONLY

Solution Frequency

0.0
[ include modal damping Set damping...
Eigenvalues required  Minimum ~
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...

Cancel Help

Fig 35 Eigenvalue Analysis in a 3D Shell Model
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2D Beam-Stick FSSI Seismic Analysis

2D Beam-Stick FSSI Seismic Analysis

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

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

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

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

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

Model for horizontal actions

Elements

The main elements used in the modelling are outlined in [Fig 44].

Roof Joint —__
—E

Ringbeam —

ve'e

Concrete tank
wall

_— Liquid convective mass joint

_~ Liquid impulsive mass joint

__~ Steel Inner tank

Pile beams _—~ Rigid Beam

Soil Joint

Fig 36 Beam-Stick Modelling Concept for Horizontal Actions
A joint element is used to add non-structural masses to the top of the roof.

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

Geometric Properties are computed based user inputs and assigned as illustrated in [Fig
50].

Geometric Key
Analysis: Analysis 1

ConnectionPart
JointGeometric

Pile
BaseSlab (CSS D=93)
B Wall (CHS D=

605 t=0.82236588058025)
RingbeamLower (CHS D=88. 5543 t=1.12187606277148)
RingbeamUpper (CHS D=88. 5543 t=1.1218760 7[145;(0 5543 t=4.21049586006701)
Roof (Varying - 19 sections)
InnerTank (Varying - 10 sections)

Fig 37 Geometric Properties in a Beam-Stick Horizontal Model

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

Material Properties

Material Properties are assigned as illustrated in [Fig 48].

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 detail of the computation is
summarized as a spreadsheet and saved in the working folder with filename of ‘<model
name> <code name> HorizontalBeamStick.xlIsx’. (See [Fig 49] and [Fig 50])
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Material Key
Analysis: Analysis 1

ConnectionPart
BaseSlab
RingbeamLower
SoilSpring

I InnerTank

Pile

RingbeamUpper
Wall

Foundation Rocking
LNGMass Convective
LNGMass Impulsive
Multiple assignments

Fig 38 Material Properties in a Beam-Stick Horizontal Model

Summary of Beam-Stick Model EN 1998-4

DIMENSION MASS DETAILS
Component __ Descriptions Mass (kg)
Component Dimension(m) Roof (Concrete Roof (= Roof volume * unit concrete mass) 9,954,938 |
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
SUMMARY FOR MASS Others al
Volume Unitmass  Stucturalmass | Totalmass | CouMalentunit [Total 12,027,753
Component s Ring Beam [Concrete Ring Beam (= Ring Beam volume * unit concrete mass) 2,467,751
' ke/m’ L] k8 ke/m’ wall barrier plate -
Roof 3,967 2,500 9,917,753 | 12,027,753 Not Used [wall pping and support -
524 2,500 1,310,993 | 1,310,993 2,500 Others .
Ringbeam(lower) 463 2,500 1,156,758 | 1,156,758 2,500 Irotal 2467751 |
[Wall & Buttress 9,976 2,500 24,940,428 | 25,764,428 2,583 | |outer Concrete Wall |Concrete Wall (= Wall volume * unit concrete mass) 24,940,428
BaseSlab 8,719 2,500 21,797,085 | 24,925,085 2,859 orner protection 242,000
NG 216,714 480 104,022,703 | 104,022,703 480 wall barrie plate 494000
Inner Tank 316 7,850 2,479,105 | 2,799,105 8,863 \wall piping and support 28,000 |
(Others B
[Total 25,760,428 |
SUMMARY FOR CALCULATED PROPERTIES Base Slab (Concrete base (= Base slab volume * unit concrete mass) 21,797,085
1) Horizontal Model Others 3,128,000
24,925,085
Inner Steel Tank  |Steel tank ( = Steel tank volume * steel mass) 2,479,105 |
LNG Convecti 854 23.53 EN 1998 shell stiffener 45,000
[LNG Impulsive | 53,494,809 16.13| 11,325,839,357 EN 1998-4 | [shell N
top girder -
2) Vertical Mod Others 275,000
Component ke e Referen [Total 2,799,105 |
i/m LNG LNG (= LNG volume * unit LNG mass) 104,022,703
LNG Flexible 89,566,808 | 21,631,229,542 EN 1998-4 |Total 104,022,703 |
LNG Rigid 1040227027 2.163126+16) EN 19984
Roof 12,027,753 - EN1998-4
Pile(K) NoRoofTank | 55,956,370 | 225,923,300,000 EN 19984

Fig 39 Mass Summary for the Beam-Stick Model
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3) LNG impulsive stiffness

29.7905 mm average wall thickness (inner tank)
Es 2.00E+05]  MPa_|modulus ofslastcty of iner tank
DIMENSION Pe 7.8500 | KkN.s’/m* | mass density of inner tank
—— e — C 0.1586 coeficients for determining the fundamentalfrequency
< 0.0422 coeficents for determining the undamentalfequency
wi 5473 radfs|relar eauency of the impulsve moce ofvbrtion
o " e IR
ki 1,586,485,989 N/m
SUMMARY FOR MASS
. W]  CALCULATED PROPERTIES FOR VERTICAL MODEL
Volume Unitmass  Structural mass  Total mass
Component 1) Roof Mass & Stiffness
kg/m® kg kg Component Value Unit Remark
Roof 3,967 2,500 9,917,753 12,027,753 Not Used M_yoof 12,027,753 kg | mass of roof
i 524 2,500 1,310,993 1,310,993 2,500 - Hz |fundamental frequency of oscillatic “the roof
463 2,500 1,156,758 1,156,758 2,500 T N/A s fundamental period of oscillation of the roof
Wall & Buttress 9,976 2,500 | 24,040,428 | 25,764,428 2,583 Ko NA] N/m
Baseslab 8,719 2,500 | 21,797,085 | 24,925,085 2,859
LNG 216,714 480 104,022,703 104,022,703 480 2) LNG Mass & Stiffness
Inner Tank 316 7,850 2,479,105 2,799,105 8,863 Component Value Unit Remark
m e 104,022,703 kg mass of LNG
tw 29.7905 | __mm___[average wallthickness (inner tank)
CALCULATED PROPERTIES FOR HORIZONTAL MODEL . 00505 MPa[modaiosof sty f e ank
1) LNG Mass & Helght & 4800000 | kg/m®__|mess density of NG
Lever arm Lever arm 2
component mass T | e 5 98070 | msec’ _|gmionstscrion__
O het),m | hefhi), m I 47074 | kN/m®__|speciicweight o contained iqud
NG Comoctive 8425053 s e T 0.4504 s |fundomentalperod of oscilaion o the LNG
NG Impulsive | s2963,803 3236 14.60 | Kone 20,247,300685 | N/m
2) LNG convective stiffness 3) Mass for Outer&Inner Tank
Component alE] e Homark Component Value Unit Remark
c 98070 | mjsec’ |sraviationsl acceleraton T — 55,956,370 kg mass at top of pile = total mass - LNG - roof
A 58106 | m'Ys |cocffiient asdefined in9.3.4
we 0.6332 rad/s circular frequency of oscillation of the first{convective) 4) Mass & Stiffness for Pile
T 99223 s atura peiod of the frt (convectve] mode of Soshing Component Value Unit Remark
ke 19,417,270 N/m K e 225,923,300,000 N/m

Fig 40 Computation Summary of Liquid Masses for the Beam-Stick Model

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

Groups

The groups defined in the model are summarized in [Fig 51].




2D Beam-Stick FSSI Seismic Analysis

Group Key

BaseSlab
Wall
Roof

InnerTank

I ConnectionPart
Pile
LNGMass Impulsive
LNGMass Convective
Foundation Rocking
SoilMaster
Multiple assignments

Fig 41 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.

Critical damping / frequency
Critical damping (%) Frequency (1st mode, Hz) Frequency (2nd mode, Hz)
Base slab [4.0 | 125 |
Wi
Inner tank
Foundation
LNG impulsive
LNG convective
Ground

Fig 42 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.
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For Soil springs and convective mass, a Viscous Coefficient (=Damping Ratio *
2*y/km ) 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.

Fig 43 Support Conditions in a Beam-Stick Horizontal Model
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2D Beam-Stick FSSI Seismic Analysis

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 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.

Analyses Rl | LUSAS View: Example_EN1938_HorizontalBeamStick(EBP).mdl Window 1 x
| Eltayers [Bloro.. fattri.. (5 anal.. o= Utili.. ZR{ IE
| |
|| E23 Example_EN1358_HorizontalBeamsStick(EBP).mdl
oy - - Solution | Frequency ~ Value
E‘ 3 ffuch.lrlal '_EHEIYSES Number of eigenvalues n
= = Analysis 1 D | - oo oo oo o = [Shii 1o be applied i}
-] Geometric I indiude modal damping Set damping.. ]
11 Material LI ) odal Damping
BQ Liloadcase 1 Eigenvalues required | Minimum ~
=3t — —
-y Eigenvalue Range specified as L>| (@) Viscous O Structural
i Frequency Eigenvalue
=t o
i-(E) 2:Response Spectrum CQC Use distributed damping for | All modes v
E @ 3:Response Spectrum SR5S Eigenvector normalisation
i ¥l Model properties O unity (®) Mass () stiffness Modes using distributed damping
[JEigenvalue 1 -~
[ convert assigned loading to mass [ JFigervalue 2
[JEigenvalue 3
[Eigenvalue 4
[JEigenvalus 5
[Eigenvalue &
[JEigenvalue 7
[JEigenvalue & w
o Damping ratio for modes not using distributed damping
ptl
’ 0.05
concal | [

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.
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Utilities ¥ & X Response Spectrum - Design Code X
[Slor.. &Att. Qan.. LPuti.. Ere.. [Eta
Sitest_Seismic_EN1998_Horizontal(EBP).mdl
=2 Utilities (6) Design code ASCE-7-10 (2010) v
+-Q Variation (2)
¥ LASCE ACLASS Curve definition
—= T DT Incremental period 0.02 5 Maximum period /” [120 s
# 1:Tnk1
< Reference Path(2) Spectra defintion X
+ 1:Roof
# 2:InnerTank (® Code defined ot :: ale factor 1.0
RrEm o
Site class on 1(TL) 4.0 s
Mapped spectral acceleration at sh % Z: eleration at one|0.1
Spectral data g b
Site coefficient (Fa) 3 oo 08
Short period response acceleration g: ssponse accele|0.0533333333333333])
Period (T0) o n? 04 s
Period (T)
Name | ASCE A-CLASS M==1¢)]
Cancel Apply Help
Fig 45 Default design Response Spectrum for a Beam-Stick Horizontal Model
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 58].
Analyses - QX 0] -200.0 -180.0 -160.0 -140.0 -120.0 -100.0
6 Layers [3 Groups & Attribu @ Analys o Utiities [ Reports @
=143 testAC]_ACIIS0_HorizontalBeamStick(IBP).mdl
=2 Structural analyses
| Er% Analysis 1
1 Geometric
+ él t:f;;ise ) Excitation  Suppart Motion b _s:l..._ . | .
v :Sunaons Resiits | Spocial = : Set. :SpectraIResponse X |
3 Post processing Damping Modes i

L} 2:Response Spectrum CQC
L 3:Response Spectrum SRSS
eT properte

Type  |LUSAS values o [#]use 2l modes

Hame 'Re-spunge Spectrum CQC

e

| Type of spectral response

Damping variation correction
to response spectrum

| Response

~| =] = T

Help

Cancel

|
Eurccode

CQC combination o

LiASCE A-CLASS e

Help ‘

Fig 46 Post Processing Options for a Beam-Stick Horizontal Model
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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 56]), modal damping is computed during the eigenvalue analysis and
used at post-processing by selecting Damping Type as ‘LUSAS values’.

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

Model for vertical actions

Elements

The concept of using a beam-stick model for vertical actions is illustrated in [Fig 59].

Mass & Joint for

Roof

- « Mass & Joint for Liquid rigid

__» Mass & Joint for Liquid flexible
- Mass for Wall & RingBeam & Slab & Inner tank

—* Joint for Piles

Fig 47 Beam-Stick Modelling Concept for Vertical Actions

The model is built using four joint elements as shown in [Fig 60]. Four joint elements
share the node at the location of ‘Mass for Wall & RingBeam & Slab & Inner tank’.
The length of joint elements does not affect the analysis result. Different joint lengths
are shown here only for visualization purposes.

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

! Mass & Joint for Liquid rigid

¢ — Mass & Joint for Liquid flexible

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

E=wp X

— Joint for Piles

Fig 48 Beam-Stick Model for Vertical Actions

Geometric Properties

The following dataset is used.

Joint Geometric Properties X

Analysis category | 2D Inplane

[JUse joint length

Component | Value
Eccentricity (ez) | 0.0
Mame | JointGeometric | B

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 62].
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Material Key

Analysis: Analysis 1
Roof
FluidRigid

I FluidFlexible !
NoRoofTank(M)

I Pile

Fig 50 Material Properties in Beam-Stick Vertical Model

Details of how masses and stiffness are calculated are summarized in a spreadsheet
form as shown in [Fig 52] and [Fig 53]. 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.
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2) Mass & Stiffness for LNG

Component Value Unit Remark
H/R 0.924 LNG height divided by inner tank radius
P 480.0000 kg/m® mass density of LNG
Es 2.00E+11 N/m2 modulus of elasticity of inner tank material
V) 0.3 poisson ratio of steel
s(Q) 0.0361 m wall thickness for = 1/3 (€ = z/H, )
fly) 1.0565 0.8<=y<4 : 1.078+0.274In (y) , y<0.8 : 1 (A41a, Ad41b)
Py 16,085 kg/m2 hydrodynamic pressure on the wall base, from A.40.
m_ing ¢ 89,566,808 kg mass of LNG (radial breathing), ref. A.40.
P, 18,681.6000 kg/m2 hydrodynamic pressure on the wall, from A.17
Mg (3) 104,022,703 kg mass of LNG (rigidly moving), ref. A.17.
\ 0.9245 =H/R
2 1.699140 =T/ (2y)
lo{vs) 1.8629 bessel function order 0
l1(v4) 1.1953 bessel function order 1
fug 2.4734 Hz fundamental frequency of oscillation of the liquid
Tua 0.4043 s fundamental period of oscillation of the liquid
K ing 1 21,631,229,542 N/m
K _ing ¢ 21,631,229,542,194,300 N/m

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

For the pile joint, the mass s defined as the sum of the total mass excluding the roof.
The stiffness is defined by user input. This is summarized in the spreadsheet as shown
in [Fig 67]. This mass is assumed to move rigidly vertically.

3) Mass for Outer&Inner Tank

Component Value Unit Remark
m_g, Tank 55,956,370 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

Damping Coefficients

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

Support Conditions

Only vertical movement is allowed for all members.
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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 67].

—

_’T

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 : 2D Beam-Stick FSSI Seismic Analysis for Vertical
Actions for more information.
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Exporting Forces from the 2D Axisymmetric Model

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

The stress distributions at the slicing lines can be converted into section forces as
shown in [Fig 69]. For example, SY through the wall section can be used for
computing vertical axial forces and bending moment.

Stress (MPa)
5

2 o @

8 8 o

) 8 = -
! @ Interval

@— Convert stresses to
- ‘_ ) @__) Force / Moment

o1 -

‘Wall Bending Moment

Sty o

Fig 54 Converting Stress to Forces

The forces for the sliced section are automatically calculated by the Wizard from LNG
Tank> Excel Tools> Export Forces

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

Moment of Wall_Ringbeam (Hoop)

[Type Moment Sign Convention

Location Wall_Ringbeam (+): Inner side Tension

| Direction Hoop
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Fig 55 Section Force Spreadsheet for 2D Axisymmetric Solid Model

Roof - Exporting Forces

LNG Tank - Export Forces/Moments to Excel (2D) x
Output fiename Suic2D
Workingfolder ® Curent O User Defined
Savein CilUsersiohssolDocument|Lusas200\Projects|Siatc2D_Roofisx.
Torget
Base siab Wall + Ringbeam ® Roo
Loadcases Range (X Coord)
Stant 00 m
Finish 432 m
Interval 05 m

[ ]/ ol | vep
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) x

Output fiename Susc2D

Working foder ® Curont O User Defined

savain (CiUsersiohssolDocumentsLusas200\Projects Sutc2D_Wai_Ringbeam xisx
= Terget

Base siab. ©Wall + Ringbeam ORoof

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 (20) X

Output flename

Cttant ® User Definod

savein C:lUsersiohssoDocumentsiLusas 200 Project|Stac2D, BaseSiab.xlsx

©8sse siad ) Wal + Ringbeam O Roo

Range (X Coord)

stan 00 m

Finish 65 m

Interval 05 m

Interval

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.

48



Exporting Forces from the 2D Axisymmetric Model

LNG Tank - Export Forces/Moments to Excel (2D) X
Output filename Slice2D]
Working folder @ Current O User Defined
Save in il i lice2D_BaseSlab.xisx
Target
@® Base slab (O Wall + Ringbeam O Roof
Loadcases Range (X Coord)

1
2:Dead Loads of Steel Structure Start 00 m
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 Interval : L0 |m
8:Liquid botiom(Max)

9:Liquid botiom(Min)

10:Gas Pressure(Max)

11:Gas Pressure(Min)

12:Live load

13:Snow load

14:Testload (Liquid) v

Finish 46.5 m

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 Forces/Moments to Excel (3D) X

Output filename ‘Example

Working folder (® Current (O User Defined

Sl [ea j ple_BaseSlab.xlsx

Target Range
Angles : degree (eg. 10; 20; 30
@Baseslab (O Wall+Ringbeam (O Roof OAIl g 9= (29 )

Interval : 05 [m]

Results to extract [[JExclude forces on the base slab at pile heads and wall
Forces and Moments. Diameter of crosswise piles : 0.7 [m]
Design results Diameter of circumferential piles : 0.8 [m]

Utilisations
No design code is enabled
uLs UtiPM UtilShear PM Capacity Shear Capacity UtilD pressi 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

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

Slicing Line

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

Angle (Positive Direction)

X axis (0 Degree)

Cancel Help

Fig 60 Exporting Forces for a 3D Shell Model
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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 X
Tank type Target models to build
Material : Concrete = 2D axisymmetric structura 2D axisymmetric coupled thermal/structural
R (Aboveground . 2D beam-stick seismic 3D shell structural

Tank Definiion Load | Prestress | Insulations | Support (3D) | Seismic| Ground |
Base Slab and Roof Wall and Ring beam Materials Support (2D)

Base slab (Units: m)

Circular part length (L_inner) 208 o
Circular part depth (D_inner) 12 !
— L
Tapered section length (W_t) 06 L inner ,I L°”‘e’_|
Annular part length (L_outer) .
Annular part depth (D_outer) s ] B
Base heating (D_heating) 0386 ! Daground
Base heating (L_heatin !
g (L_heating) ! W,
Ground level (D_ground) N
Roof (Units: m)
Radius of inner roof (R _roof_i) 86.406
Radius of outer roof (R_roof_o) 86.906 Troof
Height from the top of the base slab to the
topmost of the roof (R_Height) 6:2545
Distance of tapered section 1 (sI1) 10.079 Reoot
Distance of tapered section 2 (s12) Hringbeam_2
+ ReLneight
Setzero Set defautts
Name | Tkt v]E @

Czncel Apply Help
Fig 62 Tank Definition Dialog
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Examples — User Inputs

U Tank Type — Material Two types of tanks are able to be modelled. Either
‘Concrete’ or ‘Metallic’ should be selected.

O Tank Type — Elevation One of elevation type should be selected either
‘Aboveground’ or ‘Elevated/Isolated’.

U 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 Pile
Arrangement (3D) tab will appear

U 2D axisymmetric coupled thermal-mechanical This option should be checked
for Spillage analysis and Burnout analysis for both of which insulation should
be modelled. If checked (ticked), extra tabs for insulation properties will appear.

O 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

Concrete Tank

Tank Definition

Tank type Target models to build
Material Concrete > []2D axisymmetric coupled thermal/structural
E— ‘Aboveground 5 []2D beam-stick seismic []3D shell structural

Tank Definiion Load | Prestress

Base Slab and Roof Walland Ring beam Materials Support (2D)

Base slab (Units: m)

Circular part length (L_inner) 398 cL
Circular part depth (D_inner) [12 !

Tapered section length (W_t) [os L Linner | Louter |

Annular part length (L_outer) 7 ] -+ ‘ -
Annular part depth (D_outer) [15 D'””“i

Base heating (D_heating) CE ! Dground
Base heating (L_heating) 65 | ! w

Ground level (D_ground) X} . ‘

Roof (Units: m)

Radius of inner roof (R_root.) [s6.406
Radius of outer roof (R_roof_o) [86.906 Troof
Height from the top of the base slab to the o

topmost of the roof (R_Height)

Rrcof i

Distance of tapered section 1 (si1) [10.079 Rroof.o
Distance of tapered section 2 (sI2) 06 Hringbeam_2
+ Rsl_neight
Setzero Set defaults
Neme | Tnk2 < ]F% (new)

Help
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Tank Definition

Fig 63 Tank Definition Dialog (Structure Definition/ Concrete Tank/ Base Slab and
Roof)

Base Slab

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

Linner | Louter |
plgr ]

yr —l

'y
Di””ei GL

,Duuter

Dground

U Circular Part Length (L_inner): Defines the length of the circular part of the
base slab where the piles are arranged orthogonally.

U Circular Pat Depth (D_inner): Defines the depth of the circular part of the
base slab.

O Tapered Section length (W_t): Defines the length of the tapered section if it is
considered in the model.

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

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

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

O Base Heating (L_heating): Defines the length from the center of tank 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 delpth from the bottom off the outer
tank to the ground level.

Roof

Dimensions for the Roof should be entered. The input value must be positive numerical
value.
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Examples — User Inputs

Troof

000

I

Rroof_\‘ Rroof o

Hn’ngbeam_2
+ Rs\_height

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

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

Distance of Tapered Section2 (sI2): Defines the lateral distance of the tapered
section 2.

56



Tank Definition

Tank Definition

Tank type Target models to build
Material : Concrete ~ 2D axisym =
Elevation : Aboveground < 2D beam-stick seismic

Tank Definiion Load | Prestress | Insulations| Support (3D)| Seismic| Ground |
Base Slab and Roof Wall and Ring beam Materials Support (2D)

Wall and ring beam (Units: m)

Comer protection end (H_bcp_e)*

5.617
0.155

Comer protection thickness (T_bcp)*

Setzero Set defaults Wall stages Openings

Name | Tnk2

Tringbeam

Inside radius of concrete outer tank wall (InsR) 432
Thickness of wall base (T_bottom) 11 Hiingbear
Height of tapered wall (H_wall_t) 74
Thickness of wall top (T_top) 075 Teop
Height of wall (H_wall) 4268

JE— Hringbeam_2
Height of ringbeam_2 (H_ringbeam_2) 1.7

Hwall Hringbeam_1
Height of ringbeam_1 (H_ringbeam_1) 15
Wall Insulation
Thickness of ringbeam (T_ringbeam) 1.05
Slope height (R_sl_height) 00 _ Bottom Corner Protection
Hbcp_t
Huwallt
Corner Protection (Units: m)
Hocp b 7 |

Comer protection start (H_bcp_s)" 0617

* Guidance for comer protection inputs based on the current insulation data
- Comer protection start: 0.105 or 0.567 or 0.617 or 0.6915
- Comer protection end : 5.617

- Comer protection thickness: 0.155

[]2D axisymmetric coupled thermal/structural

[V]3D shell structural

Toep Thottom

v | (new)

oK Cancel Apply Help

Fig 64 Tank Definition Dialog (Structure Definition/ Concrete Tank/ Wall and Ring
Beam)

Wall and Ring Beam

Dimensions for the Wall and Ring Beam should be entered into the boxes. The input

value must be a positive numerical value.
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Examples — User Inputs

Tringbeam
Hringbeam
Trop
Hringbeam_Z
Huwall Hringbeamj
Wall Insulation
_y Bottom Corner Protection
Hbep_t
Hwall_(
Hbep_b I_

Thcp Tbotmm

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

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

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

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

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

O Height of Ringbeam_2 (H_ringbeam_2): Defines the height of the 2™ part of
Ringbeam measured from the point where inner Roof is connected to Ringbeam
to the top of the Ringbeam.

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

U Thickness of Ringbeam (T_ringbeam): Defines the thickness of Ringbeam

U Slope height (R_sl_height): Defines the height difference between the left and
right side of the Ringbeam.

O Corner protection start(H_bep s): Defines the height where the corner
protection start based on the top surface of base slab.
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Tank Definition

O Corner protection end(H _bcp e): Defines the height where the corner
protection end based on the top surface of base slab.

O Corner protection thickness(T _cbp): Defines the thickness for corner
protection.

Wall Construction Stages X

Height / Stages

Wall stage ID Height (H) [m] Stage Y/N He

.

Set defaults Hs

Clear grid Ha
Add

Ha

Remove Hi

Cancel Apply Help

Fig 65 Wall Construction Stages Dialog (Tank Definition/ Structure Definition/
Concrete Tank/ Wall and Ring Beam)

O Wall stage ID: Wall lot IDs from the bottom of the wall. This value is
automatically set.

O Height (H): Defines the height of each wall lot. This value should be positive.

O Stage Y/N: Defines whether the stage should be separated at each wall section.
‘Y’ should be selected if a separate stage should be created for the wall lot in the
model. Otherwise ‘N’ should be selected. However, if the input value is ‘N’ for
wall stage ID “17”, it is assumed that the wall lot 1 is activated together with the
vase annular part as shown in the Figure

S S — L

Fig 66 The stage of activating wall lot 1 when ‘N’ for ‘Staged Y/N
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Examples — User Inputs

Openings
Openings
Description Opening 1 Opening 2 ~
Weap
Openings width (Wo) 0 0 N
& Weap
Opening 1 »
PS free length (Wgap) 0 0 N opening2 » ’
Opening elevation (H1) 0 0 Wo - Wo i
. . H2
Opening height (H2) 0 0
Ty
2
PS free height (H) 0 0
v
Setdefaults Clear grid *'Theta' is the angle between opening center and the adjacent buttress center

Cancel Apply Help

Opening width (Wo): Defines the width of opening.

PS free length (Wgap): Defines the length of prestress free zone.

Opening elevation (H1): Defines elevation from the top surface of base slab.
Opening height (H2): Defines the heights for each opening.

PS free height (H): Defines the height of prestress free zone.

U000 00

Opening location angle (Theta): Defines angle to the middle of opening.
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Tank Definition

F
Tank type Target models to build
Material Concrete > []2D axisymmetiic coupled thermal/structural
Elevation [Aboveground 5 []2D beam-stick seismic 13D shell structural

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

Dimensions Materials

Base insulations (Units: m) (Upto 6 segments can be defined for each Layer)

Layer1 Layer2 Layer3 Layer4 Layer5 Layer6 Layer7 Layer8

R Base and Wall Insulation

D Length Thickness 2! HE-]
Setdefaults Ry 5
17 0105 1 _’I % N
2 415 0.105 2 Add o
Remove
Wall insulations (Units: m)
Layer1 Layer2 Layer3 Layer4 Layer5 Layer6 Start Position —>LNG Tank center
E— of Wl
D Length Thickness 2@l e Lavr ¢
Set defaults Base Layer 4
49255 0.155 3 Sase Layer 3
= Base Layer 2
2 360485  0.155 5 Add = Base Layer 1
ReferencePostion
0-00
Remove
Roof insulations (Units: m)
Layer 1 Layer2 Layer3 Layer4 Roof Insulation
e Setzero
D Length Thickness ‘Date”a
Set defaults
Add v
2 424 0.745 7 \
Wi v
Name | Tnk2 ~ |5 (new)

oK Cancel Apply Help

Fig 67 Tank Definition Dialog (Structure Definition/ Concrete Tank/ Insulation)

a

O

Oo00O0

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

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

Material 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.
Set defaults: Sets all the input values to default values.
Add: Add a row to define a new segment for each layer of Insulation.

Remove: Removes the selected row.
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U The sum of the height of the Wall Insulation and the total thickness of Base
Insulation should not exceed the sum of the height of the Ringbeam 1 and the
Wall Height.

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

Wall Insulation

A maximum of 6 layers of wall insulation can be defined.

Roof insulation

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

N
N
AN

“Reference 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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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 type Target models to build
Material Concrete % 2D axisymmetric coupled thermal/structural
Elevation PRI o 2D beam-stick seismic 3D shell structural

Tank Definiion Load | Prestress| Insulations| Support (3D)| Seismic| Ground |
Base Slab and Roof Wall and Ring beam Materials Support (2D)

. . Thermal

Elastic modulus  Poisson's ratio  Mass density ~ CTE (alpha, Heat capacity
Material ID conductivi Description

(E, [N/m?]) v) [kg/m?] o) U /mS_C]“V [J/meIC] P
Concrete (Base) 35.0E9 02 2.5E3 10.0E-6 20 2.257E6 BaseSlab
Concrete (Wall) 35.0E9 02 25E3 10.0E-6 20 2.257E6 Wall
Concrete (Ringbeam) 35.0E9 0.2 25E3 10.0E-6 20 2.257E6 RingBeam
Concrete (Roof) 35.0E9 02 25E3 10.0E-6 20 2.257E6 Roof
Pile (Cir) 35.0E9 02 25E3 10.0E-6 0.0 0.0 Pile (Cir)
Pile (Cross) 35.0E9 02 2.5E3 10.0E-6 0.0 0.0 Pile (Cross)

* Isolator properties can be defined for various types from modeler and should be defined and assigned manually.
Setzero Set defaults
Name | Tnk2 v |+ (new)
OK Cancel Apply Help

Fig 68 Tank Definition Dialog (Material Properties — Tank Materials)

The Tank Materials tab contains the material properties for the base, wall, ringbeam,
and roof concrete required for the modelling the structure. Material properties for
pile(cir) and pile(cross) are only required when piles are modelled. Thermal
Conductivity and Heat capacity should be entered only when thermal analysis is carried
out.
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Tank Definition

Tank Definition X

Tank type Target models to build
Material : Concrete 4 []2D axisymmetric coupled thermal/structural
S e . 2D beam-stick seismic [/13D shell structural

Tank Definition | Load | Prestress [insulationsSupport (30)| Seismic| Ground

Dimensions Materials

Thermal

Material ID E\a?gf:,zr};tiijlus F’oisst(a\r,\)’s ratio De:[z;\%;(]r;m, CT[E1 /(glﬁha, C‘[’j‘/?r“‘:‘(‘;‘]‘y He[aJt/rc“a)lpg;:\ly Description
“ 1.0 02 0.0 10.0E-6 20 1.97E6 Soil
1 1.0 02 0.0 10.0E-6 20 2.257E6 Levelling concrete
2 1.0 0.2 0.0 10.0E-6 0.79 2.257E6 Dry Sand
3 1.0 02 00 10.0E-6 00446 90.4344E3 Cellular Glass(Type1)
4 1.0 02 00 10.0E-6 027 753.163E3 Perlite Concrete(Base Slab)
5 1.0 02 00 10.0E-6 00411 51.2E3 Loose Fill Expanded Perite(Wall)
6 1.0 02 00 10.0E-6 0032 9.6E3 Resilient Glass Fibre Blanket(Wall)
7 10 02 0.0 10.0E-6 0.0372 18.0627E3 Glass Fibre Blanket(Roof)
Setzero Set defaults Add Remove
Name | Tnk2 ~ |5 (new)
oK Cancel Apply Help

Fig 69 Tank Definition Dialog (Material Properties — Insulation 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
Structure Definition tab
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Examples — User Inputs

Tank type Target models to build
Material : Concrete 4 [/] 2D axisymmetric coupled thermal/structural
Elevation : Aboveground o 2D beam-stick seismic []3D shell structural

Tank Definition Load | Prestress| Insulations| Support (3D)| Seismic| Ground |
Base Slab and Roof Wall and Ring beam Materials Support (2D)

Support type
Distributed spring support Vertical stifiness 1.0E3 (NN Horizontal stiffness 20E3 MN/mmq]
Distributed Spring Supports
i
Setzero Set defaults

Name | Tnk2 v |2 (new)

oK Cancel Apply Help

Fig 70 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 ‘Regular Support’ is selected, one vertical and one
horizontal stiffness should be defined. The stiffnesses should be a positive value in
MN/m/m?.
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Tank Definition

Tank Definition
Tank type

Material :

Elevation :

Concrete

Aboveground

[]2D beam-stick seismic

Target models to build

Tank Definifon Load | Prestress| Insulations| Support (3D) | Seismic| Ground|

Base Slab and Roof Wall and Ring beam Materials Support (2D)

Supporttype
Pile Support

Pile stiffnesses

Update from Support(3D)

[V] 2D axisymmetric coupled thermal/structural

[13D shell structural

Vertical Horizontal ~
Spring ID Radius [m] [Sme,:;aa] [s&f;;e:/sra " Description Pu? Supports
-4.2 592.0 479 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 3.1573E3 2553 Pile
7 294 34962E3 2827 Pile
8 329 3.7295E3 3016 Pile ! Spring Number
9 367 4.6615E3 377.0 Pile . ‘1z 3
< >
Set zero Set defaults Add Remove
Name | Tnk2 v [ (new)

oK Cancel Apply Help

Fig 71 Tank Definition Dialog (Boundary Condition- Pile Support)

Spring Stiffness for Piles

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

Load

Tank Definition X

Tank type Target models to build

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

Material : Concrete i []2D axisymmetric coupled thermalstructural

Elevation - o . []2D beam-stick seismic (13D shell structural

Structural Dead Loading Structural Variable Loading Thermal Loading

Load type Notation  Dimension [m] L’;‘/'r‘“e] TN/M?, - e eription "
- Dead load of steel structure
Dead Loads of Steel Str.. [ 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 00 0.0 Steel Structure_q3

Dead Loads of Steel Str... q_4 0.0 0.0 Steel Structure_q4

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 liner and st... | q_2 0.0 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... | g_r_liner 43.2 1.095 Liner_Roof .

< >

Setzero Set defaults
|
|
Name  Tnk2 v |15 (new)
oK Cancel Apply Help

Fig 72 Tank Definition Dialog (Load — Structural Dead Loading)

Structural Dead Loading

This defines the structural dead loading to consider in analysis.

U Load Type Defines the type of structural dead loading including wall piping
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.

U 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 type Target models to build
Material : Concrete > [] 2D axisymmetic coupled thermal/structural
Elovation P - []2D beam-stick seismic 13D shell structural

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

Structural Dead Loading Structural Variable Loading Thermal Loading

Load type Notation  Dimension [m] [‘:;’;“V‘f"l:; - m‘,\"‘/r‘:\j“fN m)  Descripton )
-‘quuld Bottom
Liquid botom q 1 liquid | 42.1 183.662 183.662 Liquid_q1 i
Liquid bottom q.2 liquid 0.0 0.0 0.0 Liquid_q2 i
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 Pg 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
Testload (Liquid bottom) ' P_hydro... 42.1 183.662 0.0 Hydrosta...
Testload (Liquid wall) P_hydro... 0.0 0.0 0.0 Hydrosta...
Testload (Pneumatic) P_pneu.. 0.0 12 0.0 Pneumat..
Setzero Set defaults
Name | Tnk2 v (new)
oK Cancel Apply Help

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

Structural Variable Loading

Defines the structural variable loadings to consider in analysis.

U Load Type: Defines the type of structural variable loading. 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 values are not
permitted 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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Examples — User Inputs

Tank Definition X

Tank type Target models to build
Material : Concrete = []2D axisymmetric coupled thermalstructural
. et » 2D beam-stick seismic 3D shell structural

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

Structural Dead Loading Structural Variable Loading Thermal Loading

Temperature  COnVective X

Load type Length [m] I coeffcient Type of boundary Description
[Jm?s.C]
Initial Temperature (Structure) X 15.1 0.0 Prescribed " Initial Temperature of Structure
Initial Temperature (Soil) 0.0 15.4 0.0 Prescribed " Initial Temperature of Soil
Soil Bottom Depth & Temperature 250 15.1 0.0 Prescribed " Soil Bottom where Temperature is constant
Extemal Temperature 0.0 256 250 Convection " | External Temperature
Liquid Temperature 0.0 -170.0 166.47 Prescribed : Liquid Temperature
Base Heating 00 50 0.0 Prescribed " Base Heating
Spillage 1 38263 -170.0 166.47 Prescribed " spillage 1
Spillage 2 0.0 -170.0 166.47 Prescribed " Spilage 2
Spillage 3 0.0 -170.0 166.47 Prescribed . Spillage 3
Spillage 4 0.0 -170.0 166.47 Prescribed " spilage 4
Spillage 5 0.0 -170.0 166.47 Prescribed " spilage 5
Setzer Setdefaults * The temperature for base heating will only be considered if a value other than zero is defined
Name | Tnk2 v 1[5 (new)

oK Cancel Apply Help

Fig 74 Tank Definition Dialog (Load — Thermal Loading)

Thermal Loading

Q

a

Load Type: Defines the type of temperature loading including LNG
Temperature, External Temperature, Base Heating, Initial 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.

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

U 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.
Tank type Target models to build
Material : Concrete ~ 2D axisymmetric coupled thermallstructural
T e o [ 2D beam-stick seismic 3D shell structural

Tank Definition | Load [ Prestress Insulations| Support (3) | Seismic| Ground|

Vertical prestress

Total tendon force (short term, [kN]) 754.056E3 Total tendon force (long term, [kN]) | 754.056E3 ]
2D Conversion [kN/m?] [s.67219E3 2493753 2D Conversion [kN/m?] [s.67219E3 | [249375E3
3D shell conversion [kN/m] : 27541483 3D shell conversion [kN/m] : 27541483 J
Horizontal prestress
Prestressload Prestress load ~
SeconID  Lowel.[m] Highel.[m] 22489 ohotterm long term Description ! Prestress load
] [kN/m?] [KN/m?]
Vertical Prestress
BaseSlab [} 00 12 370.275 370275 BaseSlab
1 00 38 38 319.201 319.201 Lot
2 38 74 36 205.796 205.796 Lot2
3 74 1.0 36 206.208 206.208 Lot3
Horizontal Prestress
4 110 146 36 180.432 180.432 Lot4
5 146 182 36 154.656 154.656 Lots
6 182 218 36 154.656 154.656 Lot6 Base Prestress
Vertical Prestress
7 2138 254 36 128.88 128.88 Lot7 v
< >
Set zero Set defaults Add Remove
Name | Tnk2 ~ |- (new)

oK Cancel Apply Help

Fig 75 Tank Definition Dialog (Prestress)

Vertical Prestress

U Total Tendon Force (Long term/ Short term): Defines the total tendon force
for vertical prestress. The vertical prestress load is calculated by dividing the
Total tendon force by the loaded area. It is applied to both the top surface of the
ringbeam and the bottom surface of the base slab over an area equivalent to the
width of the bottom surface of the wall.
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Examples — User Inputs

Horizontal Prestress

a

Q

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

Low el. [m]: Defines the start location of the prestress load. It should be defined
from the top of the base slab, which is at a location of Om.

High el. [m]: Defines the finishing location of the prestress load. It should be
defined from the top of the base slab which is at a location of Om.

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

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

Support (3D)

Tank Definition

X
Tank type Target models to build
Material : Concrete - Da e a 2D axisymmetric coupled thermal/structural
Elevation - Aboveground 5 2D beam-stick seismic 3D shell structural

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

Base Support
Support type Circumferential Support
Simplified foundation v i Vertical Horizont A
B D R[m] '"'é‘:' ‘:‘a Nu":lzz’ o ifness stifines Add
[degree] P [kN/m] [kN/m]
Del
367 00 56 523018E3  42.297E3
No. cir: 184
Mocess 218 2 408 00 60 523018E3  42.207E3 Setzero
£X2Cir: 156.1965E3 o| Donaemm
5X2Cross 63.7157E3 'i 449 0n 68 523 018F3 42 9Q7F)3
Crosswise support stffness
Grid wizard Vertical stifiness [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 P7T A
“42 84 126 16.8 21.0 252 uo,o 0.0 0.0 0.0 0.0 0.0 Add row
00 42 84 126 168 210 252 42 42 |42 42 42 42 |42 Del column
00 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
JEn - - - B Jtaelsee lsee see liee o oo .
Name | Tnk2 v |2 (new)
oK Cancel Apply Help

Fig 76 Tank Definition Dialog (Support (3D))
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Examples — User Inputs

i
Tank Definition X

Tank type Target models to build
Material : Concrete v 2D axisymmetric coupled thermal/structural
Elevation : Aboveground o 2D beam-stick seismic 3D shell structural

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

Base Support Foundation

Foundation
Type Include  Height/Thickness [m]  Section shape D1 [m]

Pile (Cir) NA Circular Hollow " o8 L | };

Pile (Cross) NA Circular Hollow Tz @
(

< >

Subgrade stifiness

Vertical stifiness [MN/m/m?] o0 Horizontal stiffness [MN/m/m?] 100.0
Circumferential piles Vertical [kN/m] 52301823 Crosswise piles Vertical [kN/m] 523.018E3
Horizontal [kN/m] 42297E3 Horizontal [KN/m]  42.207E3

- Material properties are defined in the Material tab
- Pile heights and horizontal support will follow the inputs in the Ground tab

Name | Tnk2 v | (new)
Fig 77 Tank Definition Dialog (Support (3D))
Support Type

Options are ‘Use support (2D) conditions’, ‘Simplified foundation’, or ‘Detailed
foundation’. If ‘Detailed foundation’ is selected, ‘Foundation’ tab will be appeared
(See Fig 92)

Crosswise piles X Coordinates

Defines X coordinates for piles which are located in the fourth quadrant from the centre
of the tank. The value should be a positive number. If all crosswise piles coordinates
are zero, then the crosswise pile is not included, and only circumferential piles are
included in the model.

Crosswise piles Y Coordinates

Defines Y coordinates for piles which are located in the fourth quadrant from the centre
of the tank. The value should be a negative number. If all crosswise piles coordinates
are zero, then the crosswise pile is not included, and only circumferential piles are
included in the model.
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Tank Definition

LNG Tank - Define Pile Locations X

Number of piles in X 13 S | RowinY Number of piles in X

13
Add rowin Y

Remove row

Start offset of piles in X (m)

Start offset of piles in Y (m)

General spacing of piles in X (m)

[ [
o o

General spacing of piles in Y (m)

OK Cancel Apply Help

Fig 78 Tank Definition Dialog (Support(3D) — Define Pile Locations)

Define pile locations
U Number of piles in X: Defines the number of piles in the X direction.

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

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

QO 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.

O 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.

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

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

Crosswise piles stiffness
O 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.

U 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.

O Number of piles: Defines the number of piles positioned the same distance
from the centre of the tank.
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Examples — User Inputs

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

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

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

Inner Tank Properties

Tank Definition X
Tank type Target models to build
Material : Concrete . []2D axisymmetric coupled thermal/structural
Elevation : ez o []2D beam-stick seismic [V]3D shell structural

Tank Definition | Load | Prestress | Insulations| Support (3D) [ Seismic_Ground

Inner Tank Properties Non-Structural Masses Lumped Foundation

Liquid

Liquid density 4800 | pegimi Liquid height B2 | m
Inner tank dimension

i 421

Inside radius i

Inner tank geometric properties ek 6’ B .
1 2 3 4 5 6 7 8 ~ ckness eight

Thickness(m) (&S] 00361 0012 001 001 0.0 00 0.0 Thickness 5 Height 5
Height(m) 3.08 270 386 6.12 0.0 0.0 00 0.0 . Thickness 4 Height 4
8 L4 Thickness 3 Height 3
Inner tank material properties

- Thickness 2 Height 2
Coefficient
o Mass Thermal  Heat
Elestcmodulus Poisson's 1125 oftvermal  Iema - Heal Descrnton
(E. [N/ ratio (v) y expansion vity  capacity P Thickness 1 Height 1

[kg/m?] i [WimsC]  im.C]

200.0E9 03 7.85E3 10.0E-6 20 1.968E6 Inner Tank

Set zero Set defaults

Name | Tnk2 v | (new)

oK Cancel Apply Help

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

U Liquid density This defines the LNG density for convective and impulsive
mass in seismic analysis.

U Liquid height This defines the LNG height from the top of the base slab.

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

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

Tank Definition X
Tank type Target models to build
Material : Concrete > symme [] 2D axisymmetic coupled thermalistructural
Elevation: e 2D beam-stick seismic 3D shell structural

Tank Definition| Load | Prestress | Insulations| Support (3D) [ Seismic_Ground

Inner Tank Properties Non-Structural Masses Lumped Foundation

Roof RingBeam Wall Base Slab Inner Steel Tank

Descriptions Mass [kg]
Suspended deck & insulation of the suspended ceiling 135.0E3
Roof nozzles 42.0E3
Roof platform 400.0E3
Roof pump & crane 30.0E3
Roof piping and support 103.0E3
Others. 0.0
Total 2.11E6

Setzero Setdefaults

Name | Tnk2 v |5 (new)

oK Cancel Apply Help

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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Examples — User Inputs

Tank Definition

Tank type Target models to build
Material : Concrete ~
Elevation : Aboveground .~ []2D beam-stick seismic

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

Inner Tank Properties Non-Structural Masses Lumped Foundation

Geometric propetties

2D axisymmetric coupled thermal/structural

(/13D shell structural

[] Use 3D support inputs

Name Exist Area [m?] Shear area [m?] Moment of inertia [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 stiffnesses

[Vertical beam stick model] Vertical stifiness of pile/soil [MN/m] 2s90%Es |

[Horizontal beam stick model] Rotational stiffness of pile head [MNmirad] 22592033 |

Setzero Setdefaults
Name | Tnk2 v |5 (new)
oK Cancel Apply Help

Fig 81 Tank Definition Dialog (Seismic— Lumped Foundation)

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

be for the total of all piles acting as a group.

Lumped isolator Defines the total mass of lumped isolator in units of kg which

will be used to build a model for seismic analysis.

Lumped pile stiffness Defines the vertical stiffness of pile/soil in units of MN
per metre and rotational stiffness of pile head in units of MN per metre rad

which will be used to build a model for seismic analysis.
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Tank Definition

Ground

Tank Definition X
Tank type Target models to build
Material : Concrete N []2D axisymmetric coupled thermal/structural
Elevation : ] 5 [£]2D beam-stick seismic []3D shell structural

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

Soil Properties

Stiffness distribution:

Constant value ~

Layer  Soildepth Thickness ~ Statickh ~ Staickv  Dynamickh Dynamickv Lumpedkh oo ..o A a
No. [m] oflayer[m] [MN/m/m] [MN/m/m] [MN/m/m]  [MN/m/m]  [MN/m/m] ption(¢ p
I
00 00 00 00 00 00 00 Start of soil p |
— oL
1 20 20 19.0793 00382 38.1586 00763 149263 Backfill | A
Layer 1
! Piles
2 40 20 329527 0.0659  65.9054 0.1318 25769E3  Backfil —
Layer 2
3 6.0 20 286317 00573  57.2634 0.1145 22.39E3 Backfill Layer 3 Layer thickness
4 -80 20 275563 0.0551  55.1125 0.1102 21.549E3  Backfill Layer 4
5 -10.0 20 302072 0.0604  60.4143 0.1208 23622E3  Backfil Layern
6 -12.0 20 413977 0.0828 827954 0.1656 32373E3 Sty Sand1
7 -14.0 20 345307 0.0691  69.0614 0.1381 27.003E3 Sty Sand1 Add Setzero
v
= e = = SO Remove Set defaults
< >
Pile toe stiffness
Static vertical stiffness [kN/m] 15.0E3 Static horizontal stiffness [kN/m] 15.0E3
Dynamic vertical stifiness [kN/im] 1 30-0E3 Dynamic horizontal stifiness [kN/m] 1 30.0E3
Name | Tnk2 v | (new)
oK Cancel Apply Help

Fig 82 Tank Definition Dialog (Ground- Soil Properties)

Soil Properties

a

o0 OoOodo O

Soil depth[m]: 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.

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

2D Axisymmetric Static Structural Analysis

User Inputs
The required user inputs for this model are as shown in [Fig 98].

Tank type Target models to build
Material : Concrete % 2D axisymmetric structura [[]2D axisymmetric coupled thermal/structural
Elevation : Aboveground o [[]2D beam-stick seismic [[13D shell structural
Tank Definiion Load | Prestress.

ind Roof W

Base slab (Units: m)

Circular part length (L_inner) 39.8 cL
Circular part depth (D_inner) [12 !
L Linner | Louter |
Tapered section length (W_t) 06 i |
Annular part length (L_outer) 67 . e
D],
Annular part depth (D_outer) 15
Base heating (D_heating) 0386 ! Dground
Base heating (L_heating) 465 I
. W‘
Ground level (D_ground) 09
Roof (Units: m)
Radius of inner roof (R_roof_i) 86.406
Radius of outer roof (R_roof_o) 86.906 Troof
Height from the top of the base slab to the 562545
topmost of the roof (R_Height)
Distance of tapered section 1 (sl1) 10.079 Rroot Rroof.o
Distance of tapered section 2 (sl2) (06 Hringbeam_2
+ Rsl_height
Setzero Set defaults
Name | Tnk2 ~ |12 (new)
oK Cancel Apply Help

Fig 83 User Inputs for 2D Axisymmetric Static Analysis

The user dialog is available from LNG Tank>Create 2D Model > Structural as
shown in [Fig 99].

Specify a model filename and set the element size to 0.2 m and press OK to build the
model.
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LNG Tank - Static Analysis

Tank definition data Tnk1 >

Model filename

Saved model file path ‘C ‘\Users\ohsso\Documents\Lusas200\Projects\(2D).mdl

Concrete element size (m)

Steel element size (m) 0.2

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.

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

3*

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.
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Geometric Properties

No geometric properties are required for 2D axisymmetric model.

Material Properties

User defined material properties are assigned to the relevant surfaces.

Tank Definition X
Tank type Target models to build
Material Concrete i 2D axisymmetric coupled thermal/structural
R [reS— = 2D beamstick seismic 3D shell structural
Tank Definition Load | Prestress| Insulations| Support (3D)| Seismic| Ground |
Base Slab and Roof Wall and Ring beam Materials Support (2D)
Thermal
) Elastic modulus  Poisson's ratio  Mass density ~ CTE (alpha, ] Heat capacity )
Material ID & m) " fkgim] ey conductvity LT Description
Wims.C]
Concrete (Base) 35.0E9 02 25E3 10.0E-6 20 2.257E6 BaseSlab
Concrete (Wal) 35.0E9 02 25E3 10.0E-6 20 2.257E6 Wal
Concrete (Ringbeam) ~ 35.0E9 02 25€3 10.0E-6 20 2.257E6 RingBeam
Concrete (Roof) 35.0E9 02 25E3 10.0E-6 20 2.257E6 Roof
Pile (Cir) 35.0E9 02 25E3 10.0E-6 0.0 00 Pile (Cir)
Pile (Cross) 35.0E9 02 25E3 10.0E-6 0.0 00 Pile (Cross)
Fig 86 User Inputs for Tank Materials
This can be found from LUSAS Modeller as shown in [Fig 104].
Attributes v aXx Isotropic X
[Blor.. &att.. Qan. Louti. Ere.. [@lla
= Sitest(2D).mdl ~
3 Attributes (95, I
7 Mesh (22) ) [Plastic [Jcreep [JDamage  [Shrinkage  []Viscous [JTwo phase [ ]Ko Initialisation
S Material (4) Elastic
[ Tsotropic (D
[[] Dynamic properties Value |
. Young's modulus 35.0E9
-Ri Thermal expansion
:i.imgFBeam “ P Poisson’s ratio 0.2
:Roof P
TR Mass densiy . 25E3
& 1Pl 1 Coefiicient of thermal expansion 10.0E-6
& 2:Pile_2
& 3:Pile_3
& 4:Pile_4
& 5:Pile_5
&% 6:Pile_6
&7:Pile_7
& 8:Pile_8
&% 9:Pile_9
& 10:Pile_10
& 11:Pile_11
&% 12:X Fixed
3 Loading (54)
-/ Discrete (2)
123 Patch (2)
& 19:LiveLoad
&% 20:SnowLoad
4 Patch divisions
©& Structural (52)
& 1:Steel Structure_q1 Name {BaseSiab 1 M=)
& 2:Steel Structure P ToooooEEEETE
& 3:Steel Structure_gr
& 4:Liner_basel = ] e o
& 5:Liner_Roof ose anes PPl <P
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Fig 87 Material Properties for a 2D Axisymmetric Model

Support Conditions

Tank Definition *
Tank type Target models to build
Material : Concrete = axisymmetric structural 2D axisymmetric coupled thermal/structural
A e 5 []2D beam-stick seismic 3D shell structural
Tank Definfion Load | Prestress| Insulations| Support (3D)| Seismic| Ground|
Base Slab and Roof Wall and Ring beam Materials] Support (2D}
Support type
Pile Support v Update from Support(3D)
Pile stiffnesses
Vertical Horizontal "
Spring ID Radius [m] stifiness stiffness Description
[MN/mirad] [MN/mirad] Pile Supports
T
42 1 5020 =47.9 Pile
L
2 84 1.0524E3 85.1 Pile
3 126 1.5987E3 127.7 Pile
4 16.8 2.1049E3 1702 Pile
5 21.0 26311E3 2128 Pile
6 25.2 3.1573E3 2553 Pile '
7 204 3.4962E3 2827 Pile ;
8 329 3.7295E3 3016 Pile  Spring Number
9 36.7 4.6615E3 377.0 Pile . 1203
< >
Setzero Set defaults Add Remove
Name [ Tnkt R==1¢))
Close 2nce) A Help

Fig 88 User Inputs for Boundary Conditions

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

86



2D Axisymmetric Static Structural Analysis

Attributes vax LUSAS View: test(2D).mdl Window 1 X
[Blor.. &att.. Qan.. Luti. Ere.. [@a. [T 100 0.0 100
= test(2D).mdl ~ ) :
S Attributes (95) » \ Analysis category | 2D Axisymmetric ‘
63 Mesh (23)

< Material (4)
& Tsotropic (4)

Structural Supports X

50.0
T
8
o
IS

Spring stiffness

& 1:BaseSlab - - .
& 2:Wall x O O ® 47.9E6
:ifzﬁsgam Translation in Yy O O O} L=
° z ® O O
S
X
Rotation about Y
z ® O O
°
3 Hinge rotation ’—

Torsional warping

£ 10:Pile_10 - -
& 11:Pile_11 Pore pressure ® O

SITRTIRE

°
4 Loading (54) S o o
& Discrete (2) Spring stiffness distribution
SPatch (2) ® stiffness
& 19:Liveload . §
& 20:SnowLoad O stiffness/unit length
® Patch divisions ° O stiffness/unit area
8 Structural (52) S
& 1:Steel Structure_q1 Y Lift-off >>
& 2:Steel Structure_P
& 3:Steel Structure_qr A Contact >>
& 4:Liner_basel
& 5:Liner_Roof °
& 6:Liner_Wall o Name | Pile_1 =60
& 7:SteelStructureRoof
&8:Insul_ql

&9:Insul_q2
Asiaice ==l I Hlo

Fig 89 Pile Support for a 2D Axisymmetric Model

TEST CASE

If support type ‘Regular Support’ is chosen as shown in [Fig 107], the support
definition will be as shown in [Fig 108].

Tank type Target models to build
Material Concrete < a []2D axisymmetric coupled thermal/structural
E I . []2D beam-stick seismic []3D shell structural

Tank Definition Load | Prestress

Base Slab and Roof Wall and Ring beam Materials Support (20)

Supporttype

- : 1
| Distributed spring support - | Vertical stiffness 1.0E3 MN/m/m?] Horizontal stiffness 2.0E3 MN/m/m?]

Fig 90 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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Attributes ¥ &X' LUSAS View: test 2d(2D).mdl Window 1 X Structural Supports
Blor.. &att.. Qan.. Luii. Ere.. Fla. [ 00 100 200 300 200
S test_2d(2D).mdl ~ N
= Attibutes (85) Analyss category | 2D Axisymmetric
21 Mesh (23)
= Material (4)
< Isotropic (4) = Free  Fixed Spring stiffness
2 1:BaseSieb 2 -  peoEEmm=mmae
& 2:Wall x O (o] 1 ® 20E9 H
& 3:RingBeam 1 1089 1
& 4:Roof 4 Trenslton n LIRS S8 © [TTIEITEE
z ® (e] O

400

T
< Loading (54) .
=& Discrete (2) Rotation about Y

S Patch (2) o . .
& 19:Liveload z © O O
& 20:Snowload o S

@ Patch divisions

= Structural (52) Torsional warping

300

& 1:Steel Structure_q1

& 2:Steel Structure P Pore pressure ® O
& 3:Steel Structure_qr

& 4:Liner_basel 2

& 5iLiner_Roof - Spring stiffness distribution

& 6:Liner_Wall o

& 7:SteelStructureRoof
&8iInsul_ql
&9:Insul_q2
&10:Insul_g3

& 11:Insul g4

& 12:Insul_gr

& 13:Insul_Pressure

& 14:Wall piping loading
& 15:Liquid_q1(Max)

& 16:Liquid_q1(Min) S
& 17:GasPressure(Max)
& 18:GasPressure(Min)
& 21:Hydrostatic Test
& 22iPneumatic Test

100

Contact >>

Name | Distributed Spring Support ~E

Cancel Apply Help

Fig 91 Test Case - Definition of a Regular Support for a 2D Axisymmetric Model

Loadings
A total of 17 loadcases is defined in the model.

B4 LUsAs Bridge Plus - test(2D).mdl

Geometry Attributes Analyses Utilities Tools Bridge Design LNG Tank KOGAS Tank Window Help

DEE & = RBBx 2v2v & Oy / vOvBr @ MEa (S r~ﬂ4. b ®vd (K v[R]vRAORGRS o E
Analyses ¥ @ X ' LUSAS View: test(2D).mdl Window 1 x\

[Blerou... ¢%Attri.. (QAnal.. #Utilit.. ERep... [FLayers | -10.0 0.0 10.0 20.0 30.0 40.0 50.0

= test(2D).mdl

el Structural analyse:

= Analysis 1
&2 Material
48 1:SelfWeight
112 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
 8:Liquid bottom(Max)
: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)
© 16:Prestress (Short)
4 (5 17:Prestress (Long)
% Model properties

50.0

o

40.0

B-0-8-5-0-5-0

30.0

B-0-0-5-0-0

20.0

10.0

0.0

Fig 92 Loadcases available in a 2D Axisymmetric Static Analysis Model
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Self Weight

5 LUSAS Bridge Plus - [LUSAS View: test(2D).mdl Window 1] = a X
D@l 6 = 2@ x 2-C- & Oy /vOeBv @ ibtaiSef i dindé-d kv&]-h@i@w =Nl )
: Fle Edit View Geometry Attributes Analyses Utiities Tools Bridge Design LNGTank KOGASTank Window Help

Analyses ¥ 8 X LUSAS View: test(2D).mdI Window 1 X -

& Grou W’ utiiti... 0 Repo... & Attr.. 9 Layers 200 00 00, 00 200 300 300 500 600 0. 80(

= testZ0).mdl
£33 Structural analyses
== Analysis 1
& 1 Material
580 L:SelfWeight

£ Supports FRONT

500

=3 Loading
b Graviy

<7 3:Dead load of iner and steel roof o
&7 4:Dead load of steel structures on the roof <
" 5:Dead load of Insulation
6:Pressure on outer tank wall due to insulation - @R oed
<7 7:Wall piping loacing
8:Liquid bottom(Max)
9:Liquid bottom(Min)
10:Gas Pressure(Max)
11:Gas Pressure(Min)

300

14:Test load (Liquid)
15:Test load (Preumatic)

200

@
@
B
+
[
&
&
v
&
&

@ 7 17:Prestress (Long)
R Model properties

100

#n ook

Fig 93 Self Weight in a 2D Axisymmetric Static Analysis Model

tane | Speciy...

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.

%EUSAS Bridge Plus - [LUSAS View: test(2D).mdl Window 1] ! [m} X
(DR & = B@Xx 0-- & 0/ 0-8: B inba FIIE]sas 8 k- K-kfy B ar@
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design LNG Tank KOGAS Tank Window Help

Analyses ¥ 8 X 7 LUSAS View: test(2D).mdl Window 1 X

5 200 100 [ 100200 300 100 500 600 700 )
=38 test(20). mdl
£ Structural analyses.
=8 Analysis 1
i 23 Material
1:Selfweig 2
2:Dead Loads of Steel Structure e FRONT
=33 Loading
1:Steel Structure_q1 (x 1.0)
2:Steel Structure_P (x 1.0)
3iSteel Structure_qr (x 1.0) 2
TR BT S ST g

i 7 4:Dead load of steel structures on the roof
5iDead load of Insulation o+ d
6:Pressure on outer tank wall due to Insulation
:Wall piping loading

o
iquid bottom(Max) &
9:Liquid bottom(Min)
=
# & 16:Prestress (Short)
) 4" 17:Prestress (Long)
@ Model properties S

> <

lle M

Fig 94 Dead Load for Steel Structure in a 2D Axisymmetric Static Analysis Model

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

B LUSAS Bridge Plus - [LUSAS View: test(2D).mdl Window 1] = a x
DEE & = BBX 2-C- & 0-/ -0 B nta[SATI]sas .8 r-8-xpMsN B opE
File Edit View Geometry Attributes Analyses Utiities Tools Bridge Design LNGTank KOGASTank Window Help
Analyses vax LUSAS View: test(2D).mdl Window 1 X Y
[3 Grou|® anal.. | Ltiiti.. O Repo.. & Auri.. B Layers

= & test(2D).mar
&4 Structural analyses
£ % Analysis 1
5 £ Material

200, 100 000 o O 0 B0 o R0 500 .. . 600 TR T

87 1:Selfweight
S1.+° 2:Dead Loads of Steel Structure.
= & 3:Dead load of liner and steel roof
3 Loading
4:Liner_basel (x 1.0)
:Liner_Roof {x 1.0)
GiLiner_Wal {x 1.0)
' 4:Dead load of steel structures on the roor
&7 5:Dead load of Insulation DR d
" 6:Pressure on outer tank wall due to insulation
7:Wall piping loading
:Liquid bottom(Max)
9:Liquid bottom(Min)
10:Gas Pressure(Max)

500

FRONT

00

200

&7 11:Gas Pressure(Min)
o7 12:Live load

§ 47 13:Snow load

& 14:Test load (Liguid)

? 15:Test koad (Preumatic)
16:Prestress (Short)
447 17:Prestress (Long)

R Madel properties

200

100

None | Specfy...

Fig 95 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.

File Edit View Geometry Attributes Analyses Utilities Tools Bridge Design LNGTank KOGASTank Window Help

Analyses vax LUSAS View: test(2D).mdI Window 1 X v

e -?.‘::' O Repo... & Autri.. B Layers 200 100, ..... 00 100 200 300 400 500 600 700 800
= tes(Z07ma
=3 structural analyses E
% Analysis 1
+ 1 Material .
i 87 1:SelWeight g
# & 2:Dead Loads of Steel Structure FRONT
2 2:nend load of |
I 4:Dead load of steel structures on the roof
& 433 Loading
7:SteelStructureRoef (x 1.0) =
« 3iDead load of Insulation b
-4 6:Pressure on outer tank wall due to insulation
-4 7:Wall pping loading ] @R+
i) 47 8:Liquid bottom(Max)
i :Liquid bottom{Min o
5 .1 10:Gas Pressure(Max) =4
# 1:Gas Pressure(Min)
-+ 12:Live load
% now load
& 14:Test load (Uiquid)
-4 15:Test load (Pneumatic) a
& 16:Prestress (Short)
[+ 17:Prestress (Long)
4 Model properties
o
< Y
_I_
Hone | | Specify...

Fig 96 Dead Load of Steel Structures on the Roof in a 2D Axisymmetric Static Analysis
Model
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Dead load of Insulation

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

& o xﬁ» O Repo.. & st O

vax

S
=3 strugural analyses
= Analysis 1

¥

3 maters
5" 1:SelWeight

" 2:Dead Loads of Steel Structure
" 3:Dead load of liner and steel roof

=8 5:Dead load of Insulation

3 Loading
8:Insul_q1 (x1.0)
9:Insul_g2 (x 1.0)
10:Insul_g3 (x 1.0)

11:Insul_g# (x1.0)
12:1nsul or (x1.0)

§ PR REEEEEEEEE

®

= G:Fressure on outer tank wall due to insulation
* 7:Wall piping loading

11:Gas Pressure(Min)
12:Lve load
13:Snow load
14:Test load (Liquid)
15:Test load (Pneumatic)
& 16:Prestress (Short)
& 17:Prestress (Long)
lodel properties

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

20000 00100 200 300 . 400, 500 600 ... .00

500

00

300

200

100

00

FRONT

Fig 97 Dead Load of Insulation in a 2D Axisymmetric Static Analysis Model

Pressure on outer tank wall due to insulation

The insulation (e.g. loosed fill perlite) in the gap between the inner tank and outer tank
is assumed to exert a horizontal loading on the outer tank.

Analyses
Gro

vax

w»- B Repo.. &b At 9 Layers

= & testtzoTm

&3 Structural analyses

¥

v
;

Analysis 1
(22 Material

3" 1:Selfweight

&7 2:Dead Loads of Steel Structure

&7 3:Dead load of Iner and steel roof

& 4:Dead load of steel structures on the roaf
i 5:Dead load of Insuiation

= I GiPressure on outer tank viall GUe 10 Insuiaton

563 Loading
13:Insul_Pressure (x 1.0)

T
v
50
v
¥

M

T 7TV Oy
&7 8:Liquid bottom(Max)

& 9:Liquid bottom(Min)

& 10:Gas Pressure(Max)
+" 11:Gas Pressure(Min)

& 12:Uve load

13:5now load

& 14:Test load (Liquid)

&7 15:Test load (Preumatic)
& 16:Prestress (Short)

i 17:prestress (Long)

R Model properties

| | specty...

LUSAS View: test(2D).mdl Window 1 X -

200 00 00 10.0 200 300 400 500 600 700 80C

I

500

00

200

100

FRONT

Fig 98 Insulation Pressure Load in a 2D Axisymmetric Static Analysis Model

Wall piping loading

The weight of the contained liquid acts on outer surface of the ringbeam and wall.
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Analyses ¥ 8 X LUSAS View: test(2D).md| Window 1 X

=& test(20).mdl
= &3 Structural analyses
5% Anolysis 1
4 2 Matenial
147 LiSelweight
&7 2:Dead Loads of Steel Structure FRONT
" 3:Dead load of liner and steel roof
4:Dead load of steel structures on the roof
5:Dead load of Insulation

500

i

00

= B8 7:Wall piping loading
3 Loading
14:Wall piping laading (x 1.0) aPed
ST DO
& 9:Liquid bottom(Min)
7 10:Gas Pressure(Max)
&7 LLiGes Pressure(Min)
&7 12:Uve load
& 13:5n0w load
7 14:Test load (Liquid)
i 15:Test load (Peumatic)
&7 16:Frestress (Short)
&7 17:Prestress (Long)
R Model properties

200

200

S EEEEEEEad

100

s

5

Fig 99 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.

Analyses ¥ @X 7 LUSAS View: test(2D).mdl Window 1 x‘

& Grou. -l’ utiiti.. O Repo... & Attri.. € Layers 20 100 [0 100 . 200 300 400 500 600100

=3 tes@O)mal

£/ Structural analyses
2% Analysis 1
-2 Material

&7 1:5eiweight

4 2:Dead Loads of Steel Structure FRONT
3:Dead load of liner and steel roof

4zDead load of steel structures on the roof

5:Dead load of Insulation

6:Pressure on outer tank wall due to insulation

500

i SRR

@0

00

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

&7 13:Snow load

14:Test load (Liquid)

+" 15:Test load (Pneumatic)
7 16:Prestress (Short)
57 17:Prestress (Long)

® Mode properties

200

555D

00
<

Fig 100 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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¥ 8 X LUSAS View: test(2D).mdi Window 1 X -
o utiiti.. 0l Repo... & Attri.. B Layers

5 200 100 00 10.0 200 30.0 00500 600 700 80.C

= et
& &3 Structural analyses
% Analysis 1
i £ Material
& 1:selfweight
-4 2:Dead Loads of Steel Structure
" 3:Dead load of liner and steel roof
&7 4:Dead load of steel structures on the roof
&7 5:Dead load of Insulation
" 6:Pressure on outer tank wall due to insulation 1=

50.0

FRONT

7:Wall piping loading <
8:Liquid bottom(Max)
" 9:Liquid bottom(Min)
B 10:Ges )

& 23 Loading
17:GasPressure(Max) (x -1.0)
17:GasPressure(Max) (x 1.0)

2

0

" 12iLve load
" 13:Snow load
& 14:Testload (Liquid)
&7 15:Testload (Preumatic)
&7 16:Fresiress (Short)
J 7 17:Prestress (Long)
4 Model properties

.20

100

00

one | | specty...

Fig 101 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.

Analyses vax LUSAS View: test(2D).md| Window 1 X | hd

[ Grou..[ Anal ] Utiti.. 0 Repo... & Attri.. [ Layers 200 700 00 00 0. 300 100 500 600 700 80
=3 test(20).mdl
5363 Structural analyses
| &% Analysis 1
2 Material
& LiSeltweight
% 2:Dead Loads of Steel Structure
&% 3:Dead load of iner and steel roof

500

FRONT

&7 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

&7 8:Liquid bottom(Max)

&7 9:Liquid bottom(Min) 1 I ]
10:Gas Pressure(Max)

@00

0% a7
300

12:Live lood
& Loading
19:LiveLoad (x 1.0)

& 14:Test load (Liquid)
& 15:Testload (Pneumatic)

20

& 16:Prestress (Shart)
& 17:Prestress (Long)
@ Model properties

100

g £ ok

Fig 102 Live Load in a 2D Axisymmetric Static Analysis Model

Snow load

Snow load acts on the top surface of roof.
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lyses

=9

Anal
3 Grou. & it Repo... b At D Layers

=& test(20).mdl

S Analysis 1

vax

Structural analyses

4/ 2 Material

4" 1setweght

:Dead Loads of Steel Structure
:Dead load of liner and steel roof

Ligud bottom(Min)
0:Gas Pressure(Max)
&7 11:6as Pressure(Min)

' 13:Snow load
=& Loading
20:SnowLoad (x 1.0)

@ Model properties

T g oy
& 17 15:Test load (Pneumatic)
&7 16:Prestress (Short)

7 17:Prestress (Long)

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

200 AR 00 1000 200 300 .. 400 500 600

|| Speciy...

200 00 400 500

100

" ke

FRONT

Fig 103 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.

Analyses
3 Grou.

vax

< Uit B repo. & . B Layers

= 4 test(20).mal
& &3 Structural analyses
2% Analysis 1

i 2 Material
@47 1:Selfweight

& 17 2:Dead Loads of Steel Structure

:0ead load of liner and steel roof

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

:Pressure on outer tank wall due to insulation

:Liquid bottom(Min)
0:Gas Pressure(Max)

4:Test load (Liquid)

& Loading

21:Hydrostatic Test (x 1.0)
Toad (Preumate]

:Prestress (Short)
7:Prestress (Long)

[ é
® Model properties

LUSAS View: test(2D).mdll Window 1 X |

200 .. 100 00 100 200 ... . 300 400 500 60.0

None

500

300

200

100

i _ —sm

FRONT

Fig 104 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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Analyses

I3 o [ ] # Lot 8 e b e B s

= test(20).mdl
3 Structural analyses

v ax

1:Selfweight
&7 2:Dead Loads of Steel Structure

&7 3:0ead load of iner and steel roof

& 4:Dead load of steel structures on the roof

47 5:Dead load of Insulation

&7 iPressure on outer tank wall due to insulation
& 7:wall piping loading

= 8:Liquid bottom(Max)

&7 9:Liquid bottom(Min)

&7 10:Gas Pressure(Max)

11:Gas Pressure(Min)

7 12:Lve load

& 13:5now load

=

15:Test load (Preumatic)

=3 Loading

22:Preumatic Test (x-1.0)
22:Pneumatic Test (x 1.0)

T

& Model

Te:Prestress (Shor)
&7 17:prestress (Long)
properties

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

200 [

100 200 300 500 700 80.(

500

FRONT

10.0 200 300 0.0
5

00,

|| specty...

Fig 105 Test Load (Pneumatic) in a 2D Axisymmetric Static Analysis Model

Prestress Load

The effect of prestressing steel shall be converted to an equivalent external load and
used as input in the Wizard.

Analyses

4
'
&
ki

3 Groupf® analy] o vsities B repor &

vax

Attrib.. BB Layers
5:Dead load of Insulation

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

8:Liquid bottom(Max)

9:Liquid bottom{Min)

10:Gas Pressure(Max)

11:Gas Pressure(Min)

1
14:Test load (Liquid)
15:Test load (Preumatic)

| &3 Loading

16:Prestress (Short)

23:Horizontal Prestress_Base_Short (x 1.0)
25:VerticalPrestress. Top_Short (x-1.0)
26:VerticalPrestress_Bottom_Short (x 1.0)
29:Horizontal Prestress_LIOT_Short (x 1.0}
31:Horizontal Prestress_2I0T_short (x 1.0)
33:Horizontal Prestress_3I0T_Short (x 1.0)
35:Horizontal Prestress_40T_Short (x 1.0
37:Horizontal Prestress_SIOT_Short (x 1.0)
30:Horizontal Prestress_6I0T_Short (x 1.0)
41:Horizontal Prestress_7I0T_Short (x 1.0
43:Hortzontal Prestress_8I0T_Short (x 1.0)
45:Horizontal Prestress_9IOT_Short (x 1.0)
47:Horizontal Prestress_10IOT_Short (x 1.0)
49:Horizontal Prestress_L110T_Short (x 1.0)
51:Horizontal Prestress_12I0T_Short (x 1.0)
53:Horizontal Prestress_Ringbeam_Short (x 1.

T TTPresess (Tow)
# Model properties

Specty...

LUSAS View: test(2D).mdI Window 1 X
200 100 00

100 200 500 600

00

FRONT

300 00

20

100

Fig 106 Prestress Load in a 2D Axisymmetric Static Analysis Model

Viewing Results

Contours

The Layers panel in the LUSAS Modeller user interface controls what is displayed

in the

View window.
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Select to add Contours and choose Axisymmetric-Solids for Entity, SX for
Component, and the contour plot for SX will be displayed. SX represents the stress in
the global X direction. Positive values are for tensile stress.

Layers

Grou..&AmL. @Ama\.. J’Uﬂl\t. Rep.. Layers

v X L/ LUSAS View: test(2D).mdl Window 1 X

| Properties

=3 test(2D).mdl

Contour Results Appearance

Entity

Display

4  Transform

Componerif

it

Stress v
SX v
Averaged nodal v

Elmltest(2D).mdl Windqg
# Geometry ® Copy
# Deformed mesh 2 Paste
& Attributes X Delete
¥ Contours : SX (Stres
3 Annotation ¥ Geometry...
@ Utilities Mesh...
% View properties v Attributes...
Labels...
¥ Annotation
v Utilities...
P Contours...
Vectors...
¥ Deformed mesh...
Diagrams...
Values...
&' Properties...

Close

Display on slice(s)
q Draw in slice local direction

Cancel

Apply

Help

] Maximum 4 4027F6 at node 16 of element 15

Fig 107 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.

Analyses

[Slerou... dAttri.. (QAnal.. & Utilit.. ElRep.

=S test(2D).mdl
S Structural analyses
= Analysis 1

4 Material

58 1:SelfWeight

* 2:Dead Loads of Steel Structure

+" 5:Dead load of Insulation

= 7:Wall piping loading
= 8:Liquid bottom(Max)
= 9:Liquid bottom(Min)
7 10:Gas Pressure(Max)
" 11:Gas Pressure(Min)
= 12:Live load
= 13:Snow load
= 14:Test load (Liquid)
= 15:Test load (Pneumatic)
= 16:Prestress (Short)
)" 17:Prestress (Long)
% Model properties

Dead load of liner and steel roof
Dead load of steel structures on the roof

1" 6:Pressure on outer tank wall due to insulation

vax =~

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

Layers [[Xp0.0

-10.0

0.0 10.0

50.0

40.0

30.0

20.0

10.0

0.0

1:SelfWeight

‘,+

None

| Specify...

Analysis: Analysis 1
Loadcase: 1:SelfWeight

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

-4.06986E6
-3.25589E6
-2.44192E6
-1.62795E6
-813.973E3
0.0
813.973E3
1.62795E6
2.44192E6

Maximum 2.99723E6 at node 18 of element 17
Minimum -4.32852E6 at node 1635 of element 1192

Y
A
LX

Fig 108 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.

Layers vax LUSAS View: test(2D).mdl Window 1 X \
[Blerou... dAttri.. QAnal.. g utilit.. ElRep... [Elayers |[FXR0.0 10.0 0.0 10.0 20.0 300 200
= test(2D).mdl
/O test(2D).mdl Window 1 . .
# Geometry Analysis: Analysis 1
# Deformed mesh S Loadcase: 1:SelfWeight
fgﬁ:- X (Stress - Asymmatric Sod) Results file: test_2D_~Analysis 1.mys .
A Annotation i Entity: Stresss— Axisvmmetric Solid S
S Utiities | properties X Properties X
& Values :
% View prok [Value Results ] Values Display S Value Results| Values Display
Entity Stress - v 2 |1 Show values of selection Threshold @ Percentage
Component 'SX v g [ symbols Maxima >|2.26466) 100 o
-3.5050¢
Location  Averaged nodal v F Values Minima < 3595
Transform | Set... | [ None 3F [lpeform  © Significant figures g~ 2 Failure details..
5E O Decimal places =
2F Show trailing zeros Choose font...
g Pen Symbol Font
44 - o
Display on slice(s) B2 pen [1902 = choose pen... |00 °
Close Cancel Apply Help Close Cancel Apply Help
b
°
Y
A
Deformations... No deformations drawn
[ Window summary = Details.. = L X - i
View axes Details....

Defaults...

Fig 109 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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Layers vax LUSAS View: test(2D).mdl Window 1 X
[Blorou.. Attri.. QAnal.. o utilit.. ElRep... [Elayers X0 10.0 0.0 100 200 300 400 500
Stest(20).md|

Jtest(2D).mdl Window 1

# Geometry Analysis: Analysis 1

Loadcase: 1:SelfWeight

= Deformed mesh Results file: test_2D_~Analysis 1.mys
ontours : S ——— Entity: Stress - Axisymmetric Solid .

L comours o sves - pipmmericsolg) | Component: SX (Units: N/m?) =

3 Annotation

& Utilities
Vs 5K (srss - Adsymmetic i) . -4.06986E6

& Mesh

50.0

0

@ View properties g -3.25589E6
-2.44192E6
-1.62795E6
-813.973E3
0.0

813.973E3
1.62795E6
2.44192E6

Maximum 2.99723EG6 at node 18 of element 17
Minimum -4.32852E6 at node 1635 of element 1192

300

200

10.0

Deformations... x220.727 A

[[] Window summary ~ Details...

[AView axes Details... — %4939%825 0

0.0
x
|

Defaults...

Fig 110 Values Displayed for Selected Nodes in a 3D Shell Model

Graph through 2D

Define a line from Geometry>Line>By Coords.

.
Enter Coordinates X
Grid style
3 columns 2y
X Y z

1 30 30 4]

2 60 30 b 3

Local coordinate

Global coordinates ha

[ Set as active local coordinate 1

Canc ] | s -

Fig 111 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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Graph Through 2D X
(O By cursor
Snap to grid Grid size 10
Loadeases and Extent x
Grid offset] (0.0,0.0,0.0)
Generate new annotation line mEieEs
@[iselfeight
(® By selected line
() Active
IStraight line 106 v I
Qall
Project line  In Z direction N O specified Select
By selected surface Create new window for each loadcase

Extent Visible model A
At location of existing graph

e e H=p [oewm- EEs =

Fig 112 Graph Through 2D in a 2D Axisymmetric Solid Model (1)

Slice Data X
(O Resultant effects from 2D model Bisay X scale
sults component Title | X in the wall ® Automatic (O Manual
Entity Stress v x |Distance min 0.0 max 1.0
component 2 = V[ [JUse logarithmic scale

Transform | Set... | None

[ show grid [ Show symbols Scale factor

Y scale
Corner labels [ Auto-update
@® Automatic () Manual

Include existing graphs min[0.0 izl

Calculate distance as angle

)

[ use logarithmic scale

Scale factor
width for comidor averaging Name | Graph for SX [ASave in treeview [ Display now

)

=)

< HEE) e cew | BT 0 = sz

Fig 113 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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LUSAS View: test(2D)md Window 1.
SRB=g

SXin thewall X

Distan IS)S(;W A [LUSAS 20.0-0c8 February 10, 2022
i :jg??m Lushs
i ‘133.155 :i::;s SX in the wall
4 | 1365 206598 220
e (e
180
2 160
g 140 v B
% 120 d
% 100 *
80
60
40 e .
e e N RO e e S e N S B NS ISR NS s TN E s
T T T T e T T
————8X - 1:SelfWeight / Distance
amys . ca \DocumentslL D).mdl Units: N;m/kg.s.C
Fig 114 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.
Slice Data X | [isplay Graph X

Resultant effects from 2D model |

O Results component
Entity

Resultant effects from slice

Stress - Axisymmetric Solid [@Mean normal stress Sz

“Bending stress

¥Normal stress Sz

“Mean shear stress

ctual shear stress

¥Mean shear stress per radian
“Bending stress per radian
Actual shear stress per radian

Component |5X

Transform  Set. None

Calculate distance as angle
00

X

Width for corridor

< §l2(@) =8%

Display X scale
Title |Resultant Effects ® Automatic O Manual
« Thickness min 0.0 max 1.0
| Resuits [ Use logarithmic scale
Show grid sy s S e
Y scale
Corner labels Auto-update
® Automatic O Manual
Include existing graphs ol maxlto

Graph for SX

[JUse logarithmic scale

Save in treeview Display now

Name | Graphl for Self Weight

at

< §2@)

=)

Fig 115 Graph Through 2D in a 2D Ax

symmetric Solid Model (3)
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Utilities v @X - LUSAS View: test(2D)md| Window 1 SXinthewall Resultant Effect X v
[Slorou.. doattri.. Qanal.. utilit.. Frep.. Hlayers SRB=E
= Sitest(2D).mdl A Strai S ~ |LUSAS 20.0-0c8 February 10, 2023
" igh|
£/ Utlities (18) tline | 1:Sef LUSAS3
& Variation (15) 106(1)[Weigh
&uField (15) @) Resultant Effect
# 1:Steel Structure_q1 1] 132 236209 400000
# 3:Steel Structure_qr 2] 1335 493602
# StLiner_basel 3] 135 128827 200000 L - —
& 7:Liner_Roof |47] 13565 206598 T Y
 9:SteelStructureRoof 5| 138 167372 0 - —————
# 1:Insul gt 6] 1295 104213 T
# 13:Insul_q2 - @ -200000 =1
#15:Insul_q3 2
#17:Insul_q4 £ -400000
#19:Insul_qr 600000
# 21:Liquid_qi(Max) -
# 23:Liquid_q1(Min) 800000 T —
# 25:Hydrostatic Test = e
& 27:VerticalPrestress_Top -1e6 S S
# 29:Horizontal Prestress_Base e
21 Graph Wizard (2) A0 e o w ¥ @ © 8 © @~ © % % © T«
ot LGrapht 520 2323282096232 F
# 1:Straight line 106(1) < - < < ° < ° 2 e 3
& 2:5X - 1:SelfWeight(2) Thickness
‘ k;?:;f’;‘:;f;'{ Wweight —e—SX - 1:SelfWeight / Distance
# 4:Actual Axial Stress(4) Actual Shear Stress(5) / Distance(3)
 5:Actual Shear Stress(5) v —e+—Mean Normal Stress Sz(6) / Distance(3)
=S h Mean Shear Stress(7) / Distance(3)
None > specify... | <> A T e roj D).mdl Units: N,m.kg,s,C

Fig 116 SX Graph for Sliced Line in a 2D Axisymmetric Solid Model
Export Forces to Excel (2D)
Forces calculated can be exported using LNG Tank > Excel Tools> Export Forces.

With the results file loaded and loadcase(s) selected in the list box, the inputs shown
below will create a spreadsheet containing section forces including axial force, shear
force, moment force for Wall & RingBeam.
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LNG Tank - Export Forces/Moments to Excel (2D) X
Output filename ‘S'a“c 2D
. (O User Defined
Working folder @® Current
Save in ‘C:\Users\ohsso\Documens\LusasZUU\Projecs\Sraﬁc 2D_BaseSlab.xlsx
Target
(®) Base slab (O Wall + Ringbeam () Roof
Loadcases Range (X Coord)
‘Dead el Structure Start: o m
3:Dead load of liner and steel roof
4:Dead load of steel structures on the roof Finish : 465 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) v
Cancel Help
Fig 117 Export Forces for a 2D Axisymmetric Solid Model (1)
Axial Force of Wall_Ringbeam (Hoop) Excluding base slab results at pile heads and walls
Type sl Force ‘San Comentn
Location | Wall_Ringboam ) Tonsion
Direction Hoop
Unit KNim
[LoadCase | [ somoan |
Max (kNim) | 191407 191401
A
Tismncetm | ETE
00| 4w 3578
00| mw 172
| st 19510
10| 2mon 201
200 o 0%
20| w0 300
300|  amso| amso|  asso
50| ames| smes| e
so0| wene| wers|  wars
i) mw|  mow 5 N 5 N
500 ears 7 Axial Force of Wall_Ringbeam (Hoop) Axial Force of Wall_Ringbeam (Hoop)
ss0|  muor| o
oo0| 2| s 25000 2500
00| osiar|  zsiar
10| 28| 2300
750 176,43 17643 2000.00
so0| | e
50|  izase| 1zmme
9.00 107.37 107.37 150000
os0|  weo| @
Tom| asr| s § 00000
| ara| e — £
x| mn|  mn i 3 o0 —seiweiht
ww| | e
vso| ve| e
1500 w| 4w 000
1350 060 060 o 500 1000 1500 2000 2500 3000 3500 4000 4500 50.00 04o 500 1000 1500 2000 2500 30.00 35.00 40.00 45.00 50.00
1400 T
1450 o8| aoe s0000 s0000
W[ 0a| -0
0| ros|  iz0s
wo0| | raes 10000 10000
o B e Distance(m) Distancelm)
woo|  aaor| a0
s Crsos|  Cisos 140
wo|  mas|  uw 129
» | AialForce_Hoop | "AxialForce_RV | ShearForce_Hoop | Shearforce RV | Moment-Hoop | Moment-RV | Strain(-Hoop | Strain(®)-Hoop | .. @ : [«

Fig 118 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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of Wall_Ringbeam (Hoop)

Excluding base slab results at pile heads and walls

Type. ial Force Sign Comention
Location |  Wall_Ringbeam ) Tonsion
Diection Hoop
unt nm

[ToadCase | Wax | Min sorwogn | i 1 [Doad load of JDad losd of [ {Gas Pressure[Gas. ] TSnow load. Pr (Sh{Presiress (Long)

R EREY N IR 7| twe0r| rmeor|  w067| w067  z024|  Siad| 2w0267| 2i0zer

in Gtum) | 116241 77ossl  wre|  wese| waes| wis| sor 1| owo| eomor| esor| osrioo| oeneo| 008 o oow0r| 13 o980

| 00| w007 |

00| 16
10| st
150 omor
200 09
250 amos
300 0550
350 s
a0| e
as0| s ) ) . N
sw|  seere Axial Force of Wall_Ringbeam (Hoop) b Axial Force of Wall_Ringbeam (Hoop)
S50 eu 5
60| 1512 400000 i 00000
60| min 2 —soiWaight
00| sa00s 5
50| s 200000 ' 000,00
woo|  steos 3 —Doad Loads o Stec Structure
80| 10609 00 5 o0
900 1077 o b —— Dead load of iner and teel oof
9s0| 111300 000 500 1000 1500 2000 200 3000 00 A0 B0 000 3 of—Tow w0 .0 4 000
Tos| tissas 200000 3 g 200000 —Oead load ofseel strucures on
| e - 2 the roo
ns| wew 00000 —win © 3 <0000 ——Dead oad o sulaton
20| wsess 7
20| 12020 '
1300|1203 om0 5 60000 —— pressure on outer ank walldue to
ws0| st 5 insulation
1a00| 12935 i
1e50| 129589 00000 b e00000 Wl giping loading
00| wesw h
1550|180 o — luid bottom(Max)
1600|  t29706 1000000 5 1000000
Too| ixaae ncelm) b Distance(m)
0| v . 5
iso| 20 1405 [ o1 oe7 o] om0  2e| 20 021 02| 2m| @0 712810
woo|  rawres 399 on| om| om os1|  wom| oss|  zoi| 20 wes| 02| 02|  mo| sz 6.1

» | AxialForce Hoop | AxialForce RV | Shearforce_Hoop | Shearforce RV | Moment-Hoop | Moment-RV | Strain(M)-Hoop | Strain(®)-Hoop | ... @ : (4]

Fig 119 Section Force Spreadsheet for All Loadcases

Sign convention

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

Moment: (+) for Inner side tension, (-) for outer side tension
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2D Axisymmetric Staged Construction Analysis
This example is based on the user inputs discussed in the chapter titled Examples —

User Inputs.

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

User Inputs

The required user inputs for this model are the same as for 2D Axisymmetric Static
Analysis. However, if wall stages should be considered in staged construction analysis,
‘Wall stages’ should be defined in Tank Definition. If any wall stages are not defined,
it is assumed that the wall is built all at once.

Tank type Target models to build
Material Concrete i 2D axis etric s a 2D axisymmetric coupled thermal/structural
Elevation Rz . []2D beam-stick seismic [13D shell structural

Tank Definffon Load | Prestress | Insulations| Support (3D)| Seismic| Ground |

Base Slab and Roof Wall and Ring beam Materials Support (2D)

Wall and ring beam (Units: m)

Tringbeam
Inside radius of concrete outer tank wall (InsR) 432
Thickness of wall base (T_bottorn 11
= L —— . 1 | P ——— NS -
Height of tapered wall (H_wall_t) J Wall Construction Stages 1
Thickness of wall top (T_top) : e 1
Height of wall (H_wall) 1 -
| [warsaged  reignt(r) m) Siagevin ~ " Hingbeam.2
Height of ringbeam_2 (H_ringbeam_2)
1|1 3 Y Hringbeam_1
Height of ringbeam_1 (H_ringbeam_1) I Hs :
Thickness of fingbeam (T_ringbeam) | |2 3 Y 1
1 Set defaults Ha 1
Slope haight (R_s!_height)
103 3 Y I
1 Clear grid H, 1
1|4 3 Y 1
1 Add " 1
Ils 3 Y ‘ I
i it 1 v Remove |
Corner Protection (Units: m) 1< > v H 1
1 1
Comer protection start (H_bep_s)* | 1
1 oK Cancel Apply Hep |}
Comer protection ond (H_bCp_6)! | e e e e e e e - - - e —— -
Cormer protection thickness (T_bcp)* 0.155 * Guidance for corner protection inputs based on the current insulation data

- Corner protection start: 0.105 or 0.567 or 0.617 or 0.6915

- Corner protection end : 5.617
Setzero Setdefaults Wallstages Openings
- Cormer protection thickness: 0.155

Name | Tnki vIE @

Close 2 Help

The user dialog is available by selecting the menu item LNG Tank> Create 2D
Model> Staged Construction as shown in [Fig 159].

e Enter a model filename, set the element size to 0.2 m, check ‘Self weight’ and
‘Structural loadings’ for loads to apply. Set roof construction plan to ‘Layered
roof option 1°, set ‘Roof first stage thickness (ratio)’ to 0.5, set ‘Initial
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prestress for ringbeam (ratio)’ to 0.5, ‘Initial prestress for base (ratio)’ to
0.5 and press OK to build the model.

LNG Tank - Staged Construction Analysis X
Tank definition data Tnk1 v
Model filename Layered Roof Option 1
Saved model file path C:\Users\ohsso\Documents\LUSAS200\Projects\Layered Roof Option 1(StagedConstruction2|

Modeling options

Concrete element size (m) ‘0-2 Steel element size (m) 0.2
Loads to apply
Self weight Structural loadings (®) Max OMin)

( Variable Loads :

Concrete Tank Options
Roof/ Ringbeam Construction Scenario - Layered roof option 1
________________________ 1
: Roof construction plan Layered roof option 1 1 1 - Base /Wall/ Ringbeam
1 o : 2 -Ringbeam 1st PS
Roof first st: thick ti -
: EE BB LD () 1 3 - Roof frame 1/ Inner work
| Initial prestress for ringbeam (ratio) 0.5 : 4 - Roof frames 2,3
: Initial prestress for slab (ratio) 1 5 - Roof lower wet / Roof Lower complete
———————————————————————— 4 6 - Roof upper wet / Roof complete

7 - Ringbeam 2nd PS
* Roof frame loads are not considered 8 - Wall vertical PS
* Roof first stage wet concrete is not considered 9 - Wall horizontal PS

Fig 120 User Dialog for 2D Axisymmetric Staged Construction Analysis

Meshing / Geometric Properties / Material Properties /
Support Conditions

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

Activation and Deactivation

Activation and deactivation of elements enables the modelling of a staged construction
or demolition process. Activate and deactivate attributes are defined from the
Attributes> Activate and Deactivate menu item and are assigned to features. As
selected features are activated and/or deactivated the elements within those features are
themselves activated and/or deactivated.
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In the 1st loadcase, the ‘Deactivate’ attribute is assigned to all features except the
annular part of Base Slab. In the 3rd loadcase, the ‘Activate’ attribute is assigned to
the circular part of the Base Slab.

T OX  LUSAS View: test(StagedConstruction2D).mdl Window 1 X
oo 00 0 %0 %0 50

TAX - LUSAS View: tes(StagedConstruction2D).mdl Window 1 X
) 0 %0 %0 @0 s

w00

300

12:Rocf Lower Complete(Saged)

13:Rocf Upper Wet Concrete(Staged temporary)
14:Rocf Complete(Staged)

15:Ringbeam 2nd PS(Staged:

%0

00

B d

|

B izs*ml.“ w3

Sshanulr Por(Staged)

Fig 121 Activate and Deactivate Assignment in the Model

The construction scenario is printed on the ‘Staged construction analysis’ dialog
according to defined ‘Roof construction plan’, ‘Roof 1% stage thickness (ratio)’ , ‘Initial
Prestress for Ringbeam (ratio) and ‘Initial Prestress for slab (ratio).

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 161]. If Nonlinear Control is set for the 1st loadcase, it is
applied to all the other subsequent loadcases unless otherwise defined separately for

them.

‘Manual’ control is set in the model, which means that:
O the subsequent loadcases inherit the stress and strains from the previous

loadcases

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

U loading is not inherited.
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Analyses

rou &Alm @Anal.., ;//"'umm Repo,

Nonlinear & Transient

=3 Layered Roof Option 1(StagedConstruction2D).mdl

)3 Structural analyses

Nonlinear

Solution strategy

Same as previous loadcase

== Analysis 1 Incrementation Manual ™ Max number of iterations 12
i Material - 5
@ 1:Annular Part(Staged) Starting load 0.1 Residual force norm 0.1
B-& Supp.oris Max change in load factor 0.0 Incremental displacement 1.0
&0 Loading
=3 Deactivate Max total load factor 10 Advanced...
1:Deactivate

Adjust load based on convergence
Iterations per increment 4
[] Displacement reset

Advanced...

[[J Time domain
Consolidation

Incremental LUSAS file output

Same as previous loadcase
Output file
Plot file

Restart file

# 9:Roof Frame2(Staged,temporary
¥ 10:Roof Frame3(Staged,temporary) Initial time step
1 11:Roof Lower Wet Concrete(Staged,temporary)
4% 12:Roof Lower Complete(Staged)

#13:Roof Upper Wet Concrete(Staged,temporary)
4 14:Roof Complete(Staged)

# 15:Ringbeam 2nd PS(Staged)

% 16:Vertical PS(Staged)

% 17:Horizontal PS(Staged)

) 18:Operating Stage(Staged)

¥ 19:Operating Stage(Staged Long)

% Nonlinear analysis options

% Model properties

0.0 Max number of saved

111

100.086 Log file

Total response time

Automatic time stepping History file

Advanced... [[] Save a restart at the end of this control

Common to all

Max time steps or increments ‘ 0 ‘

BP0 E-B-B-B-8

Cancel Help

Fig 122 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 : BaseSlab 15 PS

Self weight is assigned by using ‘Gravity’ loading. The initial prestress loading to the
BaseSlab is added in Stage 2. If no prestress is defined for the slab, Stage 2 will be the
same as Stage 1.

vax

e

v OX LUSAS View: test(SagedConstructon2D)mdl Window 1 X
Gopes [0 o %0 0 o

LUSAS View: test(stagedConstruction2D).mdl Window 1 X
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Fig 123 Loadings for Stage 1~2
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Stage 3 : Circular Part ~ Stage 4 : BaseSlab 2™ PS

2% prestress loading to the BaseSlab is added in Stage 4. If no prestress is defined for
the slab, Stage 4 will be the same as Stage 3.
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Fig 124 Loadings for Stage 3~4

Stage 5 : Wall Ringbeam ~ Stage 6 : Ringbeam 15t PS

At Stage 5 Wall and Ringbeam are completed. The loading is the same with Stage 4.
Initial Horizontal Prestress for the RingBeam is added in Stage 6, but with load factor
of 0.5 which means only 50% of the defined RingBeam prestress is applied at this
stage. By default, this ratio is set to the ‘Initial Prestress for Ringbeam (ratio)’ from
the dialog input.
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Fig 125 Loadings for Stage 5~6

Stage 7 : Roof Frame 1 ~ Stage 8 : Inner Tank Work

Stage 7 assumed that there could be a temporary load as temporary frame is installed
for preparing the roof 1% concrete pour. The loading for Roof Frame 1 should be
defined and assigned manually by the user.

Stage 8 assumed that there could be loadings while building inner tank. However, this
loading should be defined and assigned manually by the user.

108



2D Axisymmetric Staged Construction Analysis

LUSAS View: test(stagedConstruction20)md Window 1 X
50 700 0 30 %0 %0

Analyses BX  LUSAS View: test(StagedConstruction2D).mdl Window 1 X
S B %0

Prastres Ringbeam(Shon) (x035)
Prastres_Base(Short) (x 10)

(S99
13 Uppar Wt oncrt(Siged empren)
14 Complt( i)
15iRingooars 2nd PS(St03ed)
2 16vacl PS0900)
Y

1 1 P +
gl g g QA OF B o O s ="

7:Reot Frame1(Staged temporeny) Al SiInnar Tank WorkStaged) BIE

Fig 126 Loadings for Stage 7~8

Stage 9 : Roof Frame 2 ~ Stage 10 : Roof Frame 3

Stage 9 and Stage 10 assumed that there could be temporary loads as temporary frame
is installed for preparing the roof 1% concrete pour. The loading for ‘Roof Frame 2” and
‘Roof Frame 3’ should be defined and assigned manually by the user.
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Fig 127 Loadings for Stage 9~10

Stage 11 : Roof Lower Wet Concrete ~ Stage 12 : Roof Lower
Complete

Stage 11 assumes that the roof is being built and the poured concrete is acting as a
loading on the ringbeam.

Stage 12 assumes that the lower part of the Roof is completed. At this stage the roof
lower wet concrete loading assigned at Stage 11 is removed and replaced with the body
force of the lower part of the Roof.
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Fig 128 Loadings for Stage 11~12

Stage 13 : Roof Upper Wet Concrete ~ Stage 14 : Roof Complete
Stage 13 assumes that the upper part of the roof is being built and the poured concrete
is acting as a loading on the Lower part of the roof.

Stage 14 assumes that the Roof is completed. At this stage the roof upper wet concrete
loading assigned at Stage 13 is removed and replaced with the body force of the Roof.
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Fig 129 Loadings for Stage 13~14

The weight of the upper part of the roof is computed by the Wizard from the geometry
as marked in [Fig 169]. The total weight is computed as 48.09E6 N, and the area of top
surface of the Roof Lower Part is computed as 6218.422m?. From this the loading of
7.73334E3 N/m? is defined. This can be verified by assigning self weight to the upper
part of the Roof and checking the reaction.
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Fig 130 Load Definition for the Wet Concrete of Upper Part of the Roof

Stage 15 : Ringbeam 2™ PS ~ Stage 16 : Vertical PS

The remained RingBeam prestress is added at Stage 15. (Load factor is changed from
0.5 to 1.0). The structure is fully built at Stage 15, and the additional loading of the
Vertical Prestress is added to Stage 16.
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Fig 131 Loadings for Stage 15~16

Stage 17 : Horizontal PS ~ Stage 18 : Operating Stage

Horizontal Prestress is added to Stage 17. 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. The prestress loadings are defined with the values obtained from
User Input dialog and only the short-term prestress is applied.
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Fig 132 Loadings for Stage 17~18

Stage 19 : Operating Stage (Long)

Stage 19 models the operating (in-service) stage for long-term.

All the loadings used in the 2D Axisymmetric Static Analysis Model are all included in
this stage.
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Fig 133 Loadings for Stage 19 of the Operating Stage

The prestress loadings are defined with the values obtained from User Input dialog and
only the long-term prestress is applied.

Load Combination

Looking at U-C1-1 from the sample design load combination at [Fig 172], it might be
necessary to extract the pure prestress (PS) effect from the staged construction analysis,
due to the different load factors for self weight and the prestress loading respectively.
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1 2] 3 4 s [ 6 [ 7 [ 8] 9 [ w ] 2 [ 13 [ [ [ 6 [ 17 ] 18 19
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no. | Code Details s Wi:'per ank £ | Others | Early | Lato | Rbtst | RoAi | S0\ E S Frima Frazme R el
roof
1] uci 135 130
2 | UCI2 |Tank WO roof + RB 1st| 135 1.00
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6 U-C22  |Tank WO roof + RB 1st| 1.35 1.00 1.50
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Fig 134 Example of a Design Load Combination

The Ist PS is introduced at Stage 6, hence the pure effect of 1st PS can be obtained by
defining a load combination for ‘Stage 6 — Stage 5.
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Fig 135 Loadings for Stage 5 and Stage 6
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This can be achieved by specifying a load factor of -1 for Stage 5, and 1 for Stage 6 as
illustrated in [Fig 175]. The load combination of ‘Pure 1st PC’ will be defined and can
be used for defining the design load combination U-C1-1 ~ U-C1-2 of the sample
design load combination table.
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Fig 136 Definition of Load Combination for Pure PS effect

Adding Extra Stages

If additional stages are required, the ability to Copy and Paste loadcases will be useful,
as illustrated at [Fig 176]. Other attributes such as ‘Activate’ and ‘Loading’ are also
copied.
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Fig 137 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 176].

Tank Definition X
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————— ]

I Base Siab and Roof Wall and Ring beam Materials. Support (20)y
L e e T T T T,

Base slab (Units: m)

Circular part length (L_inner) 308 cL

Circular part depth (D_inner) hz !

Tapered section length (W_t) 06 ] ! Linner | Louter |
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Annular part depth (D_outer) 15 ] D'""“'_L
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topmost of the roof (R_Height) <

Distance of tapered section 1 (sI1) 10,079 ] Rrcot. Rroof.o
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+ Rslneight
Setzero Setdefaults
Name | Tnk2 v |2 (new)
oK Cancel Apply Help

Fig 138 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 178].

e Enter a model filename and set the element size to 0.2, the soil height above the
soffit of the thickened slab to 1 and press OK to build the model.
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LNG Tank - Thermal Analysis X
Tank definition data Tnk1 ~
Model filename lexample |

‘C \Users\ohsso\Documents\LUSAS 191\Projects\example_Thermal.mdl ‘

Saved model file path

;
Element size [m]

Include Soil
Include Structural Load

O Min

Variable Loads to apply(¥)
- The chosen variable loads from the Tank Definition will be used for Operating Condition
() These parameters are read from the [Structural Loading Definition] tab of the tank definition atiribute, based on the Max or Min column as selected above

Spillage Loading

Application target above Comer Protection © Eeiallls iaieglarey O Wwall
Radius of inner tank outer surface(*) 421361 ml Liquid density(*) kg/m]

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

Spillage duration time for each spillage height

Spillage 1 fhour] Spillage 2 10.0 thour] Spillage 3 10.0 [hour]

Spillage 4 10.0 [hour] Spillage 5 10.0 [hour]

Cancel Help
Fig 139 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.
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Fig 140 Elements for 2D Axisymmetric Thermal Analysis Model

Geometric Properties

No geometric properties are required for 2D axisymmetric model.

Material Properties

User defined material properties are assigned to the relevant surfaces.

The mechanical and thermal properties for BaseSlab are as shown below.
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Dltistc [ thermal eastic  [ZThermal
[Pastc  [Jaeep  [JDomage  [Istinkege [ Iviscous [ Twophase (1Ko Intilsation Dllstc  [creep [Joemage  [shrinkage  [Viscous  [JTwophase  [JKo Initilsation
lestc Thermal Elstc Thermal
O Value Value T
2 herma Youngs moduss 3509 20
Eh 02 Phase change state None = 225766
2563 10
Cosfiion of hermal sparsion 100E6
Exothernic behaviour
®
O Conerete Heatof Hydration
Type1
Nome [BaseSiab “1 Name [Basesieb Tt
I o || = oD

Fig 141 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].
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Fig 142 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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) 1 Material
i 0 Thermal surface
= @ 2:Initial Condition(Thermal)

Lilnitial Temperature of Structure (X 1O}
. peTaTe BT ATBUTE..

® Nonlinear and Transier &, cop,
(= 4:0perating Condition(The
 6:Spillage 1 Condition(The
& &1 Supports
4 Q1 Loading
4 Nonlinear and Transier

® Ppaste

Delete Attribute

® Nonlinear analysis option; llasdn
< Structural analyses Select Assignments
Deselect Assignments
Visualise Assignments

= Analysis 1
0 Material
* 1:Initial Condition(Structu
-3 Supports
% Nonlinear and Transier
4 3:0perating Condition(Str
# @ Loading
% Nonlinear and Transier
# 5:Spillage 1 Condition(Strt
% QO Loading
% Nonlinear and Transier

Visible
Invisible

Results Plots

 Nonlinear analysis options  Agsign
% Coupled analysis options
 Modl properies Assign to All
Deassign

2:Initial Condition(Thermal)

None

>~ & ov/vOv@v@mta

LUSAS View: Example Thermal.mdl Window 1 X

FRS-F h-E-RMNYN 6 BEE

0.0 200

100.0 120

60034

Delete Assignment

Set as Only Visible
Advanced Visibility...

Change Load Factor.

Prescrived x

Temperstire

Temparsture 151

Nome il Temperature of Strcture s

Cance A Help

Fig 143 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.

rrecroed x
@ S
Lo Tempestre
Tempeaure o 5 [ ——
e st e Fw
Ce=1 ” o

Cirenpsanas s
oot ety | S T | oo et o]

D )

G| [ TR o

Fig 144 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 Oincrement tal

Fee  Fied Temperature

Temperature o ® SOBwe ey |

Nome [Base Heating Y Hae

1

Fig 145 Base Heating Temperature in 2D Axisymmetric Thermal Analysis Model

The Base heating temperature is assigned to selected lines as shown in [Fig 187]. A
separate line is defined according to length of base heating defined in Tank Definition.

Fig 146 Base Heating Temperature in 2D Axisymmetric Thermal Analysis Model

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

Thermal Analysis > Spillage Conditions

Spillage temperature is defined as a Prescribed Temperature and assigned to the inner
face of the corner protection up to the ‘Corner protection end’ and to the inner surface
of the 1! layer of the wall insulation above the corner protection. The same temperature
loadings are assigned as well in spillage conditions.

Prescribed X

@® Total O Incremental

Free Fixed Temperature

Temperature O ® -170.0

Name | Spillage 1 MISI0)

Close Cancel Apply Help

Fig 147 Spillage Temperature in 2D Axisymmetric Thermal Analysis Model
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3D Shell Static Analysis

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

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

User Inputs

The required user inputs for this model are as marked in [Fig 190].

Tank Definition X

Tank type Targetmodels to build
Material : Concrete i 2D axisymmetric structural [ ]2D axisymmetric coupled thermal/structural
Elevation : ‘Aboveground " [[]2D beam-stick seismic I 3D shell structural I

Tank Definfion_Load | Prestress| Support (3D)

] Base Slab and Roof Wal and Ring beam Materials Support (20) I

Base slab (Units: m)

Cirular partlength (L _inner) a8 a
Circular part depth (D_inner) 12 !
Tapered section length (W_{) 06 [ Lioner | Louter |

Annular part lsngth (L_outer) 67
Oume].
Annular part depth (D_outer) 15 et

Base heating (D_heating) 0386 Dground
Base heating (L_heating) 465 I
. W‘
Ground level (D_ground) 0s
Roof (Units: m)
Radius of inner roof (R _roof_i) 86,406
Radius of outer roof (R_roof_o) 36.906 Troof
Height from the top of the base slab to the R

topmost of the roof (R_Height)

Distance of tapered section 1 (sI1) 10.079 Rioof s Rreof o
Distance of tapered section 2 (12) 06 Hringbeam_2
+ Ret_height
Setzero Set defaults
Name | Tnk1 v =@
oK Cancel Apply Help

Fig 148 User Inputs for a 3D Shell Model
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Tank type Target models to build

Material : Concrete < [] 2D axisymmetric coupled thermal/structural

Elevaton P . 212D beam-stick ssismic 3D shell structural
Tank Definiion Load | Prestress Suppcnqan)‘ round

Inner Tank Prcperﬁe{-Non-Sﬂuctula\ Masses | umped Foundaton

Roof RingBeam Wall Base Slab Inner Steel Tank.

Descriptions Mass [kg]
Suspended deck & insulation of the suspended ceiling 135.0E3
Roof nozzles 42.0E3

Roof platform 400.0E3
Roof pump & crane 30.0E3

Roof piping and support 103.0E3
Others 00

Total 2.11E6

Setzero Set defaults
Neme | Trki SISl

oK Cancel Apply Help

Fig 149 User Inputs for a 3D Shell Model including non-structural masses to
Eigenvalue Analysis

The user dialog is available from the LNG Tank>Create 3D Shell Model menu item.

o Enter the model file name, and set the element size to 2.0, and the other values
as shown in [Fig 192].

e Enter 10 for Number of Eigenvalues. Thick the ‘Include non-structural masses’
checkbox to include non-structural masses to eigenvalue analysis.

o Select 4 for Number of buttresses, input 1.0 (m) for Extruded thickness and
5.0(m) for Buttress width.
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LNG Tank - Base Model for Design Check

Tank definition data
Meodel filename

Saved model file path
Modeling options
Element size (m)

Number of eigenvalue

Concrete Tank Options
Buttress

Number of buttress

Extruded thickness

Buttress width

Roof / Ringbeam

Roof construction plan

Roof first stage thickness (ratio)
Initial prestress for ringbeam (ratio)

Initial prestress for base slab (ratio)

Tnk1

‘Example

‘C:\Users\chsso\Dccumems\LUSASZOO\ProjecE\Example.mdl ‘

4 ~

Single layered roof 1 >

=
[

[[] Half symmetric model

Include non-structural masses in the eigenvalue analysis

Construction Scenario - Single layered roof 1

1-Base /Wall/ Ringbeam
2 -Ringbeam 1stPS

3 - Roof frame 1/ Inner work
4 - Roofframes 2,3

5 - Roof wet/ Roof complete
6 - Ringbeam 2nd PS

7 - Wall vertical PS

8 - Wall horizontal PS

Cancel Help

Fig 150 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.
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Fig 151 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.

Layers w2 X 7 LUSAS View: Example.mdl Window 1 X
[Blcrou.. dAttri.. Qanal.. o utilit.. Erep... [ELayers 20.0 -10.0 0.0 100 20.0 30.0
=21 Example.md|

-0 Example.mdl Window 1

# Geometr

© Deformed mes! » -
@ Attributes g¥ v

& Utilities

% View properties

60.0

50.0

v i tatieiarte
ey shial
Properties X
Mesh Visualise »
[AWirsframe  pen #[18 2 [ | choose pen.. h : R
(Y] Transparent — 3 e R 0 .
* 1
[ solid Maximum shade  60.0 % Wl 2
- 4 S
Hidden edges [ internal edge D Ry f
[[)show nodes [Joutline only  Threshold 25.0 ° & P AMERE R0 2

» # 4 1
[JShow normals Joints offset distance | 6.0 mm

'u
[/] Show element axes| [] Orientations only if selected . a - N
% of elements | 100.0

Colour by |Mesh colour ] [set.

22

.
Close Cancel Apply Help

Fig 152 Element Local Axis in a 3D Shell Model

Geometric Properties

Geometric properties are defined as per user inputs. [Fig 195] illustrates how properties
were defined for varying sections at the edge of the roof. The variation dataset can be
reviewed from the Utilities 5”5 treeview.
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Attributes vax LUSAS View: Example.mdl Window 1 X
[Blorou.. &attri.. QAanal.. P utilit. Erep.. Eltayers 0.0 150 200 250 30.0 350 200 250
S Example.mdl ~llo
& Attributes (178) 2
% & Mesh (75)
# QLine (73)
& Surface (2)
& 74:Thickshell
& 75:Thickshell_RoofRigid
S Geometric (17) .
< Surface (17) S
& 4:Roofd
& 5:Roof_RingBeam_Dummy
& 6:BaseSlab_Inner =
& 7:BaseSlab_Inner_irreg 9
& 8:BaseSlab_Taper
& 9:BaseSlab_Outer
& 10:Wall_Dummy_Regular
& 11:Wall_Dummy_Buttress |
& 12:Wall_Tapered_Regular Geometric Surface x

& 13:Wall_Tapered_Buttress
& 14:Wall_Regular

& 15:Wall_Buttress

& 16:Ringbeam_Regular

& 17:Ringbeam_Buttress I yp———

& Material (11) Thickness [t || Thickness Roof2
2 Isotropic (10) Eccenticitylez |

& 1:BaseSlab

&2:Wall

& 3:RingBeam

& 4:Roof

& 5:Roof(half_mass)

& 6:Roof_Ringbeam_Dummy
& 8:BaseSlab(Eigen)

& 9:Wall(Eigen)

& 10:RingBeam(Eigen)
 11:Roof(Eigen)

Name | Roof2

Cancel Apply

== Eeemicy RootT '\

Surface Grid Variation

=) [

Vlgi:

Xorder  Constant

Yorder Quadratic

x1
118299
0672836
05

Fig 153 Geometric Properties for Roof in 3D Shell Model

TEST CASE

If either the ‘Extruded Thickness’ or the ‘Buttress Width’ is set to 0 (zero), the mesh is

defined as shown below.

Fig 154 Mesh Arrangement and Geometric Properties for a 3D Shell Model with no
Buttresses

Material Properties

Structural members

Material properties are defined and assigned as shown in [Fig 197].
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Material Ke){ 7 2
Analysis: 01 Base Analysis D
[ ] Bas”eSIab N
- &\{ﬁgBeam
00
B Rooi(half_mass)
R of_Rlngﬂbeam_Dummy
all_Dummy

o
Base

(@)

Fig 155 Material Properties in a 3D Shell Model

Support Conditions
The spring stiffnesses are converted into N/m unit in LUSAS Modeller.
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Tank type Target models to build
Material : Concrete ~ []2D axisymmetric coupled thermal/structural
Eamr: e 5 2D beam-stick seismic 3D shell structural

Tank Definion| Load | Prestress|[ Support (3D) Seismic| Ground |

Base Support
e e
Support type 1 Circumferential Support
I L)
impli ! Verical  Horizont ~ |} * clor
Simplified foundation v : o Rl Inzial theta Nurn[ber o ifness stitnes: |1 Add %
| [degree] pies TkN/m] TkN/m] : v
Del
i 1 367 00 56 523018E3 |42.297E3 || ‘e
No. cir: 184 1 H ‘e
.o
oemes: 2K : 2 408 00 60 52301883 4220783 (I Setzer -t
1 -
X:Cir: 156.1965E3 1 1 e
v Set defaults -
X2 Cross : 63.7157E3 I fi 449 0n 68 523018F3 42 797F)3 1
==
Crosswise support stifiness
Grid wizard I Vertcal stifiness [kNim] 523.018E3 Horizontal stifness [kN/m]  [42.207E3 I
X coordinates (Units: m) Y coordinates (Units: m)
Add column
1 P2 P3 P4 P5 P& 7~ P1 P2 P3 P4 P5 P6 7 A
uu 84 126 168 210 252 Muo 0.0 00 0.0 00 00 Add row
0.0 42 84 126 168 210 252 42 42 42 |42 42 42 42 Del column
0.0 42 84 126 168 210 252 84 84 84 -84 -84 -84 -84 Delrow
0.0 42 84 126 16.8 210 252 -12.6 -12.6 -126 -126 -126 -126 -126 Setzero
v v
Joes . .. e Y Ltmelaee lise e liee e oo -
Name | Tnki v]EHo
oK Cancel Apply Help
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Attributes

Grou.. &Altri_“ QAna\ 5 #Ut\\\'t...Rep...

-

=3 Example.mdl
=3 Attributes (178)
£ Mesh (75)
[ Geometric (17)
(-3 Material (11)

=3 Supports (6
& 1:Crosswise Base Support

|- 2:Circumferential Base SupporR X
: & 3:Circumferential Base Support(R = 40.
& 4:Cil fe

& 6:Free
=3 Loading (57)
/3 Discrete (2)
=3 Patch (2)
& 21:LiveLoad(Roof)
&% 23:SnowLoad(Roof)
% Patch divisions
(=3 Structural (55)

& 1:Steel Structure_q1

oo 2:Steel Structure_P

& 3:Steel Structure_qgr

& 4:Liner_basel

& 5:Liner_Roof

&% 6:Liner_Wall

&% 7:SteelStructureRoof

& 8:Insul_q1

& 9:Insul_q2

& 10:Insul_q3

& 11:Insul_q4

& 12:Insul_gr

&% 13:Insul_Pressure

& 14:Wall piping loading

&% 15:Liquid_q1(Max)

& 16:Liquid_q1(Min)

& 17:GasPressure(Max)

& 18:GasPressure(Max)(Base_Roof)

£ 10:GacPraceuralMin}

1
ase Support(R = &4.9) 1

v

None V| Specify...

Fig 156 Support Definition in a 3D Shell Model

TEST CASE

Structural Supports

Analysis category | 3D

Free Fixed Spring stiffness
x O O ®[ 4220786 |
Translation in y O O ® 42.297E6 i
z O O @ ssoes |
x © o o[ 1
Rotation about Y ® O O |—
z ® O O ]
Hinge rotation O] (@) O |—
Torsional warping ® (@) O l—
Pore pressure ® O ,—
Spring stiffness distribution
O stiffness/unit length
(O Stiffness/unit area
Lift-off >>
Contact >>
NamelCrosswise Base Support I v @
Close Cancel Apply Help

By ticking ‘Half only model’, a symmetric half model is built.

LNG Tank - Base Model for Design Check

Tank definition data Tnk1

Model filename

Example

Saved model file path
Modeling options
Element size (m) 20

Number of eigenvalue 10

C:\Users\ohsso\Documents\LUSAS200\Projects\Example.mdl

alf symraetric model

Include non-structural masses in the eigenvalue analysis

Fig 157 Option for Half Model
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s
i

i
b
|
|
N

iz

Fig 158 Half Symmetric Model

Loadings
28 loadcases are defined in the model.

% LUSAS Bridge Plus - [LUSAS View: Example_3D.mdl Window 1] - o X

File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design LNGTank KOGASTank Window Help
DEH G = _Ax 2 -8 ov/vO-B-EAnralfr-Tivono-a r E-shon & 0@

Analyses v &X  LUSAS View: Example 3D.mdl Window 1 X | v
Grou... ¢®Attri.. (R Anal... & Utilit.. ERep... [BLayers 0.0 -40.0 -20.0 0.0 20.0 40.0 5

S Example_3D.mdl ~

& Structural analyses

/= 01 Base Analysis

21 Geometric
5 1 Material

SelfWeight
d Loads of Steel Structure
d load of liner and steel roof
4:Dead load of steel structures on the roof
Dead load of Insulation
essure on outer tank wall due to insulatior
all piping loading
iquid bottom(Max)
iquid bottom(Min)
© 10:Gas Pressure(Max)
- (* 11:Gas Pressure(Min)
(% 12:Live load
& (2 13:Snow load

© 14:Test load (Liquid)

% 15:Test load (Pneumatic)
(% 16:Prestress (Short)

60.0

40.0

20.0

17:Prestress (Long)

18:Prestress (Ringbeam ONLY) (Short)

(&2 19:Prestress (Ringbeam ONLY) (Long)

(% 20:Prestress Wall Horizontal ONLY (Short)

(= 21:Prestress Wall Horizontal ONLY (Long)

(% 22:Prestress Wall Vertical ONLY (Short)

(% 23:Prestress Wall Vertical ONLY (Long)

4 24:Dead Loads(1-7)
 25:Max External Max Base Heating Temperat}
26:Min External Max Base Heating Temperatu
 27:Max External Min Base Heating Temperatul

* 28:Min External Min Base Heating ‘I'emEratullv

ic Analvsis

0.0

-20.0

52:Eigenvalue |

Fig 159 Loadcases Available in a 3D Shell Model
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Self Weight

MLUSAS Bridge Plus - [LUSAS View: Example_3D.mdl Window 1] - o X

[File] Edit View Geometry Attributes Analyses Utilities Tools Bridge Building Composite Design LNGTank KOGAS Tank Window Help
DEE & = wE, 2-C- & ov/vO-8- @ inkalsr 7] @e-d k-K-upuN & 0EE
Analyses v &X' LUSAS View: Example 3D.mdl Window 1 X v

[Slorou.. Seatti.] Ranaly. A utiliti.. ERepo... [SLayers 60.0 40.0 20.0 0.0 200 200

= & Exemple_3D.mdl ~
)@ Structural analyses
= 01 Base Analysis
1 Geometric
&1 Material

[
&

60.0

:Dead Loads of Steel Structure

ead load of liner and steel roof

“ 4:Dead load of steel structures on the roof
ead load of Insulation

ressure on outer tank wall due to insulation

40.0

BB

BB

&6
3
2
H
2
20.0

5556

restress Wall Horizontal ONLY (Short)

restress Wall Horizontal ONLY (Long)

restress Wall Vertical ONLY (Short)

restress Wall Vertical ONLY (Long)

© 4 24:Dead Loads(1-7)

25:Max External Max Base Heating Temperature
(%26:Min External Max Base Heating Temperature
(527:Max External Min Base Heating

52:Eigenvalue ‘ N

0.0

B8

-20.0

None ~ Speciy...

Fig 160 Self Weight 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.
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M LUSAS Bridge Plus - [LUSAS View: Example_3D.mdl Window 1] - a X
File Edit View Geometry Attributes Analyses Utilities Tools Bridge Building
DM &= Bx -2 -8 o- vO-8 @ kA

Composite Design LNG Tank KOGAS Tank Window Help
6®-g KB RPN & DB

Analyses vax Example_3D.mdl Window 1 X | -
[BlGrou.. dAttri o utilti.. ERepo... [BLayers -60.0 400 200 0.0 200 200
& Bxample_3D.mdl ~
= @ Structural analyses
= = 01 Base Analysis ~
12 Geometric
-2 Material L
5 & 1:SelfWeight ]
= @ 2:Dead Loads of Steel Structure =
& G Loading
1:Steel Structure_q1 (x 1.0)
2:Steel Structure_P (x 1.0)
3:Steel Structure_qr (x 1.0)
TTIDEsa Toad oF Ther am 750
4 (514:Dead load of steel structures on the roof °
- 5:Dead load of Insulation <
- 6:Pressure on outer tank wall due to insulation
@ (5 7:Wall piping loading
- 8:Liquid bottom(Max)
- 9:Liquid bottom(Min)
@ (% 10:Gas Pressure(Max)
4 11:Gas Pressure(Min)
& 12:Live load )
45 13:Snow load h
(% 14:Test load (Liquid)
- 15:Test load (Pneumatic)
% (% 16:Prestress (Short)
4 17:Prestress (Long)
- 18:Prestress (Ringbeam ONLY) (Short)
@ (% 19:Prestress (Ringbeam ONLY) (Long) -
4 (5 20:Prestress Wall Horizontal ONLY (Short) °
(5 21:Prestress Wall Horizontal ONLY (Long)
4 (5 22:Prestress Wall Vertical ONLY (Short)
& (2 23:Prestress Wall Vertical ONLY (Long)
- 24:Dead Loads(1-7)
% 25:Max External Max Base Heating Temperature
© 26:Min External Max Base Heating Temperature ¥ | | _
2:Dead Loads of Steel Structure ‘ i
None | Specify...

Fig 161 Dead Loads for Steel Structure in a 3D Shell Model

Dead load of liner and steel roof
The total weight of the roof plate and frame need to be specified to design the roof.
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Analyses ¥ & X 7 LUSAS View: Example_3D.mdl Window 1 X
[Blerou. “Amw.uti\m ERepo.. 40.0 200 0.0 200
& Example_3D.md ~
5@ Structural analyses
% 01 Base Analysis
(-0 Geometric
-3 Material =
-8 1:SelfWeight 3
(% 2:Dead Loads of Steel Structure
=43 Loading
4iLiner_basel (x 1.0) ?,\}1
S:L!nerfRouf (x 1.0) 4 'ﬂ;gﬁ:}\}h‘% &
6:Liner_Wall (x 1.0) i mx‘}'?,;ﬂ;‘
T A:Dead Toad of stee! Structur S Hh;%;;;§‘§§}’!}\’
(% 5:Dead load of Insulation ¥ v!\;‘;‘!;ﬂ“
(-2 6:Pressure on outer tank wall due to insulation N H;ﬂg'}
-5 7:Wall piping loading A AT .;;;;;;;;;;33‘;3‘!
s S o) : TR
% 9:Liquid bottom(Min) o LA 3‘;‘:ﬁ%‘ﬁ%ﬁﬁWi"“"i-!zﬂéﬂ
(= 10:Gas Pressure(Max) SN 4;1‘"‘7‘ % } I |mf W
(-(2 11:Gas Pressure(Min) - ¢ el i 11#
- 12:Live load S
(-2 13:Snow load
- 14:Test load (Liquid) e X
[ ® 15:Test load (Pneumatic) ; S
@ 16:Prestress (Short) sl
[#-(® 17:Prestress (Long) /j%ﬁﬁil&z:
(- 18:Prestress (Ringbeam ONLY) (Short) e fﬁ:}’;‘:ﬂj
(5 19:Prestress (Ringbeam ONLY) (Long) S % ’jﬁtgw’g;
(5 20:Prestress Wall Horizontal ONLY (Short) © s ;ﬁ;ﬁg;:%zj
(-5 21:Prestress Wall Horizontal ONLY (Long) \:i é&;}?{
(% 22:Prestress Wall Vertical ONLY (Short) o
5 (3 23:Prestress Wall Vertical ONLY (Long) iy Ee
% 24:Dead Loads(1-7) pcaner!
% 25:Max External Max Base Heating Temperature h;'ﬂ"
© 26:Min External Max Base Heating Temperature ¥ | [, 3
3:Dead load of liner and steel roof ‘ i
None v Specify...

Fig 162 Dead Load of Liner and Steel Roof in a 3D Shell Model
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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.

[Blorou &AnnlfjAnﬂy,IJumm Erepo.. [@Layers

Analyses v &X  LUSAS View: Example 3D.mdl Window 1 X |

$0.0 -40.0

- & Example_3D.mdl
= @ Structural analyses
% 01 Base Analysis

-0 Geometric

- Material

4% 1:SelfWeight

% 2:Dead Loads of Steel Structure
ad load of liner and steel roof
@ 4:Dead load of steel structures on the roof
- @ Loading
7:SteelStructureRoof (x 1.0)

~

d load of Insulation
-essure on outer tank wall due to insulation

- 9:Liquid bottorm(Min)
(% 10:Gas Pressure(Max)
® 11:Gas Pressure(Min)

) 15:Test load (Pneumatic)

-2 16:Prestress (Short)

-5 17:Prestress (Long)

(% 18:Prestress (Ringbeam ONLY) (Short)

-2 19:Prestress (Ringbeam ONLY) (Long)

- (= 20:Prestress Wall Horizontal ONLY (Short)

-5 21:Prestress Wall Horizontal ONLY (Long)

(1) (% 22:Prestress Wall Vertical ONLY (Short)

) 23:Prestress Wall Vertical ONLY (Long)

4:Dead Loads(1-7)

Max External Max Base Heating Temperature

in External Max Base Heating Temperature
% 27:Max External Min Base Heating Temperature
© 28:Min External Min Base Heating Temperature

4:Dead load of steel structures on the roof ‘ -

v

+

None | Specify...

60.0

40.0

20.0

0.0

-20.0

Fig 163 Dead Load of Steel Structures on the Roof in a 3D Shell Model
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Dead load of Insulation

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

Analyses ¥ &X " LUSAS View: Example 3D.mdl Window 1 X |
[Blcrou.. dAttri umm ERrepo.. [BLayers 50.0 -40.0 -20.0 0.0 20.0 400
& Example_3D.mdl ~

& Structural analyses
© = 01 Base Analysis
4 &1 Geometric
& C Material
1:SelfWeight
Dead Loads of Steel Structure
:Dead load of liner and steel roof
+ (= 4:Dead load of steel structures on the roof
~ @5:Dead load of Insulation
i Loading
8:Insul_q1 (x 1.0)
9:Insul_q2 (x 1.0)
10:Insul_g3 (x 1.0)
11:Insul_g4 (x 1.0)
12:Insul_qr (x 1.0)

60.0

-0

40.0

20.0

0.0

estress Wall Horizontal ONLY (Short)
estress Wall Horizontal ONLY (Long)
estress Wall Vertical ONLY (Short)
estress Wall Vertical ONLY (Long)
:Dead Loads(1-7) Yile
5:Dead load of Insulation ‘ -

-20.

+

None ~ | Specfy...

Fig 164 Dead Load of Insulation in a 3D Shell Model
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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.

Analyses vax \/ LUSAS View: Example_3D.mdl Window 1 X | v

[Blorou... ¢hAttri.. BjAnﬂy._VUtihﬁ... CErepo... Bltayers | 400 200 0.0 20.0 40.0

3 Example_3D.mdl ~
-3 Structural analyses
£+ 01 Base Analysis
€ Geometric
1 Material
£ 1:SelfWeight
(2 2:Dead Loads of Steel Structure
(% 3:Dead load of liner and steel roof
[#-(% 4:Dead load of steel structures on the roof
:Dead load of Insulation
[-Q 6:Pressure on outer tank wall due to
@ Loading
13:Insul_Pressure (x 1.0)
WA piping Toaamg
 8:Liquid bottom(Max)
5 9:Liquid bottom(Min)
(5 10:Gas Pressure(Max)
(5 11:Gas Pressure(Min)
@ 12:Live load
(% 13:Snow load
(© 14:Test load (Liquid)
. (515:Test load (Pneumatic)
(© 16:Prestress (Short)
(5 17:Prestress (Long)
(5 18:Prestress (Ringbeam ONLY) (Short)
(% 19:Prestress (Ringbeam ONLY) (Long)
(5 20:Prestress Wall Horizontal ONLY (Short)
(5 21:Prestress Wall Horizontal ONLY (Long)
(5 22:Prestress Wall Vertical ONLY (Short)
(5 23:Prestress Wall Vertical ONLY (Long)
1 24:Dead Loads(1-7)
(% 25:Max External Max Base Heating Temperature
(5 26:Min External Max Base Heating Temperature
(5 27:Max External Min Base Heatina Temperature
< >

60.0

40.0

20.0

0.0

6:Pressure on outer tank wall due to insulation H R ‘ ¥

0.0

Fig 165 Insulation Pressure Load in a 3D Shell Model
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Wall Piping Loading
Wall piping loading acts on the outer surface of the ringbeam and wall.

Analyses v @X  LUSAS View: Example 3D.mdl Window 1 X |

[Blorou.. yAttri. umin .ERrepo.. @layers o0 40.0 200 0.0 200 200

80|

3 Example_3D.mdl ~
-3 Structural analyses
<)%= 01 Base Analysis

& 0 Geometric

0 Material

& & 1:SelfWeight
-8 2:Dead Loads of Steel Structure
& 3:Dead load of iner and steel roof
& 4:Dead load of steel structures on the roof
(5 5:Dead load of Insulation
© 6:Pressure on outer tank wall due to insulation
£ Loading

13:Insul_Pressure (x 1.0)
= @7:Wall piping loading

& CiLoading

14:Wall piping loading (x 1.0)
TEliqud 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)
& 16:Prestress (Short)

& 17:Prestress (Long) /
- (© 18:Prestress (Ringbeam ONLY) (Short) — 4 RN
5 19:Prestress (Ringbeam ONLY) (Long) iy ¢ B\ AUA VUSSR
(% 20:Prestress Wall Horizontal ONLY (Short) ! LHETHN

(% 21:Prestress Wall Horizontal ONLY (Long)

(5 22:Prestress Wall Vertical ONLY (Short)

(© 23:Prestress Wall Vertical ONLY (Long)

24:Dead Loads(1-7)

(5 25:Max External Max Base Heating Temperature

lin External Max Base Heating Temperature

60.0

40.0

=

®

®

I
20.0

R

-8
0.0

N

®

-+

°
- | soecifv... 1S .

Fig 166 Wall piping loading in a 3D Shell Static Analysis Model
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3D Shell Static Analysis

Liquid bottom (Max/Min)
The Liquid weight acts on the top surface of the base slab.

Analyses v BX " LUSAS View: Example_3D.mdl Window 1 X |
1 .0

Layers

[Blrou “A((riIQAnal V’uulm Elrepo.

-40.0

-20.0

0.0 20.0 40.0

= Example_3D.mdl ~
2 Structural analyses
(% 01 Base Analysis
2 Geometric
21 Material
#1:SelfWeight
(5 2:Dead Loads of Steel Structure
= 3:Dead load of liner and steel roof
5 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)
& Loading
15:Liquid_q1(Max) (x 1.0)

; m(Min,
10:Gas Pressure(Max)
 11:Gas Pressure(Min)
= 12:Live load
 13:Snow load
© 14:Test load (Liquid)
9 15:Test load (Pneumatic)
 16:Prestress (Short)
- 17:Prestress (Long)
" 18:Prestress (Ringbeam ONLY) (Short)
( 19:Prestress (Ringbeam ONLY) (Long)
5 20:Prestress Wall Horizontal ONLY (Short)
9 21:Prestress Wall Horizontal ONLY (Long)
(5 22:Prestress Wall Vertical ONLY (Short)
5 23:Prestress Wall Vertical ONLY (Long)
124:Dead Loads(1-7)
(5 25:Max External Max Base Heating Temperature
9 26:Min External Max Base Heating Temperature
(5 27:Max External Min Base Heating Temperature
(5 28:Min External Min Base Heating Temperature
8:Liquid bottom(Max) ‘ S+

B-0-B-B-5-F-5

4 )

5 9:Liqui

R o]

B

W

None. ' Specify...

60.0

40.0

20.0

0.0

-20.0

Fig 167 Liquid Bottom Loading in a 3D Shell Model
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Gas Pressure(Max/Min)

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

Analyses

ou.. gRAttr W/ Utiliti Layers
= Example_3D.md ~
-2 Structural analyses
= 01 Base Analysis

- 2 Geometric

-0 Material

] 1:SelfWeight

'@ 10:Gas Pressure(Max)

& Loading
17:GasPressure(Max) (x 1.0)
18:GasPressure(Max)(Base_Roof) (x 1.0)

:Live load

13:Snow load

% 14:Test load (Liquid)

(5 15:Test load (Pneumatic)

= 16:Prestress (Short)

Prestress (Long)

8:Prestress (Ringbeam ONLY) (Short)

restress (Ringbeam ONLY) (Long)

restress Wall Horizontal ONLY (Short)
restress Wall Horizontal ONLY (Long)
:Prestress Wall Vertical ONLY (Short)

(5 23:Prestress Wall Vertical ONLY (Long)

# 24:Dead Loads(1-7)

(% 25:Max External Max Base Heating Temperature
® in External Max Base Heating Temperature

(% 27:Max External Min Base Heating Temperature ¥
10:Gas Pressure(Max) ‘ E

;]

None > Specifv...

Fig 168 Gas Pressure Loading in a 3D Shell Static Analysis Model

vax V LUSAS View: Example_3D.mdl Window 1 X |

.0

-40.0 -20.0 0.0 20.0

60.0

40.0

20.0

0.0

-20.0
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3D Shell Static Analysis

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.

Attributes

¥ BX  LUSAS View: Example 3D.mdl Window 1 X

[Slerou.| ot IQA"W o Utilit.. ElRepo... [GlLayers

Patch

400

200

55 Bxample_3D.mdl

owToa
 Patch divisions
£ Structural (55)
& LiSteel Structure_q1
& 2:Steel Structure_P
& 3iSteel Structure_ar
& 4Liner_basel
& 5:Liner Roof
& 6iLiner_ Wall
& 7:SteelStructureRoof
A8iInsul qt
& 9:Insul g2
&10:

sPressure(Max)(Base_Roof)
sPressure(Min)
xsPressure(Min)(Base_Roof)
load (RingBeam)
owLoad(RingBeam)

fo3e g0 3o g0 3o B0 30 30 3o 30 30 30 30

None

600

200

200

200

Analysis category 3D

Patch type

(O8 node patch ® 4 node patch O Multi-patch

Load direction
Ox @
Oy  Oxvz

OPatch x
OpPatchy
O Surface normal

Projection vector
Project n load direction
Project for prestress

X component  0-0
Y component  0-0

Z component 1.0

Ostraight O Curve
Patch load divisions
[ Use default

O Mutistraight

Number of divisions in

Number of divisions in

X v T z Load
1] 432 432 0.0 -12E3
2 432 432 0.0 -12E3
B 432 432 00 “12E3
4 432 432 00 1.2E3
Name | LiveLoad(Roof) v[=@n

Close Cancel Apply Help

Fig 169 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.

Attributes
[Elerou

Analyses

¥ AX ' LUSAS View: Example.md| Window 1 X
(D analy... P utiliti.. Erepo... BLayers <00 200 29 2 patch x
A Discrete (2)
= &Patch 2) . Analysis category [3D
= Patch type
&4 Structural (23) (08 node patch ®)4 node patch (O Mutti-patch O Straight () Curve O Multi-straight
& 1:Steel Structure_q1 Load direction  Projection vector Patch load divisions
-4 2:Staal Structure P Ox @z Project in load direction ] Use default
& 3:Steel Structure_qr - -
& 4iLiner.basel OY  OXZ project for prestress Number of divisions in 0
& SiLiner_Roof S Opatch x .
2 6:Liner wal S Oetehy X component 0.0 Number of divisions in
A7 SRt O Sufac normal ¥ component | 00
8:lnsul_q1
& 9:Insul_q2 Z component  1:0
&10:Insul_ g3
& 11:Insul_g4. X | Y z | Load
& 12:Insul_qr i 435667 435667 00 283
& 13:Insul_Pressure 3 2] assest 435667 00 1283
4 14:Wall piping loading ] -43.5667 -43.5667 00 1263
4 15:Liquid_q1(Max) [] 43.5667 435667 00 1263
& 16:Liquid_q1(Min) =
& 17:GasPressure(Max)
& 18:GasPressure(Mex)(Base_Roof)
& 19:GasPressure(Min)
£20:GasPressure(Min)(Base_Roof) -
& 23:Hydrostatc Test 3 =
2 Paeumatic Toat Name | SnowLoad(Roof) <@
& 25:Pneumtic Test(Base.Roof)
5 &1 Local coordinate (4)
findrical (3
) Cancel Aoply Help
N . . .
Fig 170 Snow Load in a 3D Shell Static Analysis Model (Roof)
The Test load (Liquid bottom) acts on the top surface of the base slab.
vax |/ LUSAS View: Example_3D.mdl Window 1 X ‘ v
SoAttri IE jAnaly,_,V’unhn CErepo... BlLayers -40.0 200 0.0 200 40.0 60.0
(2 3:Dead load of liner and steel roof ~
7 (% 4:Dead load of steel structures on the roof
<

5:Dead load of Insulation
i (2 6:Pressure on outer tank wall due to insulation
- 7:Wall piping loading

(% 10:Gas Pressure(Max)
& (% 11:Gas Pressure(Min)
- 12:Live load

S 13:Snow load

= @ 14:Test load (Liquid)
£ S Loading

25:Hydrostatic Test (x 1.0)

H;

3
3

i
@
2
H

&

 17:Prestress (Long)

5 18:Prestress (Ringbeam ONLY) (Short)

(5 19:Prestress (Ringbeam ONLY) (Long)

5 20:Prestress Wall Horizontal ONLY (Short)

5 21:Prestress Wall Horizontal ONLY (Long)

(5 22:Prestress Wall Vertical ONLY (Short)

(51 23:Prestress Wall Vertical ONLY (Long)
#24:Dead Loads(1-7)

25:Max External Max Base Heating Temperature
5126:Min External Max Base Heating Temperature
5127:Max External Min Base Heating Temperature
 28:Min External Min Base Heating Temperature
= 02 Seismic Analysis

€ Material

©29:SSE_H

©30:SSE_V

531:0BE_H

©32:0BEV

RN

G

0> Ctmmnd

14:Test load (Liquid) ‘ _

Fig 171 Test Load (Liquid Bottom) in a 3D Shell Model

60.0

40.0

20.0

0.0

o
S
S

A _

142



3D Shell Static Analysis

Test load (Pneumatic)

Test load (Pneumatic) acts on the inner surfaces of the concrete tank.

&5 6:Pressure on outer tank wall due to insulation
- 7:Wall piping loading

-5 8:Liquid bottom(Max)

-5 9:Liquid bottom(Min)

(% 10:Gas Pressure(Max)

(5 11:Gas Pressure(Min)

Live load

£ (5 14:Test load (Liquid;
=@ 15:Test load (Pneumatic)
& 3 Loading
26:Pneumatic Test (x 1.0)
27:Pneumatic Test(Base_Roof) (x 1.0)

=]

T T T6:Prestress (Short)

(5 17:Prestress (Long)

-3 18:Prestress (Ringbeam ONLY) (Short)

- 19:Prestress (Ringbeam ONLY) (Long)

(5 20:Prestress Wall Horizontal ONLY (Short)

415 21:Prestress Wall Horizontal ONLY (Long)

[-(2 22:Prestress Wall Vertical ONLY (Short)

4.2 23:Prestress Wall Vertical ONLY (Long)

- 24:Dead Loads(1-7)
(% 25:Max External Max Base Heating Temperature
(%26:Min External Max Base Heating Temperature
(%27:Max External Min Base Heating Temperature
(% 28:Min External Min Base Heating Temperature

= 02 Seismic Analysis

-0 Material
(5129:5SE_H
(230:SSE_V
(%31:0BE_H

None

15:Test load (Pneumatic) ‘ o\ E

60.0

40.0

20.0

0.0

-20.0

Analyses vax LUSAS View: Example_3D.mdl Window 1 X | -
[Slerou.. SAttri.. IQ Ana|yu|‘f‘uﬁuﬁ . Erepo.. [BLayers 400 200 i 0.0 20.0 400

(% 3:Dead Toad of Tner and steel roof ~

(= 4:Dead load of steel structures on the roof

/(% 5:Dead load of Insulation

Fig 172 Test Load (Pneumatic) in a 3D Shell Model
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Prestress Load

The effect of the prestressing steel tendons needs to be converted to equivalent external
load and used for the input in the Wizard.

Analyses ¥ B X | LUSAS View: Example_3D.mdl Window 1 X

[Blerou.. WAt | QAnaxy_lgfumm. CErepo... [FLayers 400 200 0.0 200 200

/e load ~

2 15:Test load (Pneumatic)

© 16:Prestress (Short)

@ 17:Prestress (Long)

- @ Loading
29:Vertical Prestress(Long) (x -1.0)
29:Vertical Prestress(Long) (x 1.0)
31:Horizontal Prestress_Loti(Long) (x 1.0)
33:Horizontal Prestress_Lot2(Long) (x 1.0)
35:Horizontal Prestress_Lot3(Long) (x 1.0)
37:Horizontal Prestress_Lotd(Long) (x 1.0)
39:Horizontal Prestress_Lot5(Long) (x 1.0)
41:Horizontal Prestress_Lot6(Long) (x 1.0)
43:Horizontal Prestress_Lot7(Long) (x 1.0)
45:Horizontal Prestress_Lot8(Long) (x 1.0)
47:Horizontal Prestress_Lot9(Long) (x 1.0)
49:Horizontal Prestress_Lot10(Long) (x 1.0)
51:Horizontal Prestress_Lot11(Long) (x 1.0)
53:Horizontal Prestress_Lot12(Long) (x 1.0)
55:Horizontal Prestress_Ringbeam(Long) (x
57:Horizontal Prestress Base(Long) (x 1.0)

=/18:Prestress (Ringbeam ONLY) (Short)

% 19:Prestress (Ringbeam ONLY) (Long)

©20:Prestress Wall Horizontal ONLY (Short)

% 21:Prestress Wall Horizontal ONLY (Long)

:Prestress Wall Vertical ONLY (Short)

:Prestress Wall Vertical ONLY (Long)

 24:Dead Loads(1-7)

25:Max External Max Base Heating Temperature

in External Max Base Heating Temperature

x External Min Base Heating Temperature .,

'
®
&

60.0

40.0

20.0

.
®
®
:

0.0

< >
17:Prestress (Long) - +

b

None v Snecifv.__

Fig 173 Prestress Load in a 3D Shell Model

Wind Load

Wind loading can be added to 3D shell model using LNG Tank > Add Loading>
Wind... . The wall and roof is computed based on the selected design code. EN 1991-
1-4 (2005), GB50009(2012) and ASCE 7-16 for design code are available. For the
wall, separate loading datasets are defined for approximately each 1.0 m rise in height.
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3D Shell Static Analysis

LNG Tank - Add wind loading X
EN1991-1-4 (2005) v

Design code

Design code parameters

Basic wind velocity [mis]
Roughness length [m]
Minimum height [m]
Qrography factor

Terrain factor
Turbulence factor

Alr density [kg/m*3]

Defaults

Cancel Help

Fig 174 Wind Load in a 3D Shell Model

| Analyses vax LUSAS View: Example_3D.mdl Window 1 X v
[Gleroups dbattributes (QAnalyses ofUtilities [EReports [ELayers 400 200 00 200 40.0 80.C
2 28:Min External Min Base Heating Temperature ~
@ 67:Wind load - EN1991-1-4 (2005) - vb = 37.5
(1 Sl Loading 1
58:Wind EC1 | vb=37.5 | Wall(0.0 - 46.48) | front (x 1.0) L
59:Wind EC1 | vb=37.5 | Wall(0.0 - 46.48) | middle- (x 1.0) |
-~ 60:Wind EC1 | vb=37.5 | Wall(0.0 - 46.48) | rear+ (x 1.0) g
61:Wind EC1 | vb=37.5 | Wal(0.0 - 46.48) | rear- (x 1.0) K
62:Wind EC1 | vb=37.5 | Base slab | front (x 1.0)
63:Wind EC1 | vb=37.5 | Base slab | middle- (x 1.0)
-~ 64:Wind EC1 | vb=37.5 | Base slab | rear- (x 1.0)
65:Wind EC1 | vb=37.5 | Roof (x 1.0)
66:Wind EC1 | vb=37.5 | Roof{ringbeam) (x 1.0)
-2 02 Seismic Analysis o
i <
- 33:Annular Part(Staged)
=21 Supports =
S
- 39:Ringbeam 1st PS(Staged)
(5 40:Roof Frame(Staged, temporary)
41:Inner Tank Work(Staged)
@ oof Frame2(Staged,temporary o
< >
67:Wind load - EN1991-1-4 (2005) - vb = 37.5 2
None V| [Specitys m

Fig 175 Wind Load in a 3D Shell Model
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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.

Layers v 80X LUSAS View: Example_3D.mdl Window 1 X |
rou.. Attri.. (RAnal.. o Utilit.. ERepo. fTlLayers} 20,0 200 0.0 200 200 60.0
dl
& Mesh ! Copy =
# Deformed m = Paste ’
& Attributes X Delete L PR
Utilities = .
& Geometry ¥ Geometry.. 2
4 View propert ¥ Mesh...
¥ Attributes...
Labels...
Annotation
Y Utilites... -
Contout <
Vectors..
¥ Deformed mesh... Properties
Diagrams...
Values... Contour Restlts Appearance
& Properties... o
Q& Entity Force/Moment - Thick St
Component Mx v
Display  Averaged nodal v
Transform | Sek...| | None
o
S
Display on slice(s)
i 2.24027E3
e - Draw in sice local direction
[ Window summary Details...
Diview axes i oK Cancel Apply Help
e - .
. . . .
Fig 176 Selection for Contour Display in 3D Shell Model
Layers vax ‘ " LUSAS View: Example.mdl Window 1 X |
[Blcrou.. ddAttri.. RAnal.. o utilit.. ERep... [Tlayers 20.0 10,0 0.0 10.0 200 30.0
= & Exemple.mdl
“ O Example.mdl Window 1
°
S
3
@ Attributes
& Utilties
 View properties
°
S
3
Properties
Mesh  Visualise
= 2 3
Do 67 [ [ | B33 z
ransparent e 'y;- 2- s h
[ Solid Maximum shade  60.0 % e ; N - %
£ . J
Hidden edges [internal edge f";; In
[[]Show nodes [Joutline only  Threshold  25.0 °© :.ﬁ} 4 I
[[] Show normals [“] Joints offset distance 6.0 mm -y .
[ Orientations only if selected I

% of elements | 100.0

Colour by Mesh colour v | | set..

Close Cancel Apply.

Help

Fig 177 Element Local Axis in a 3D Shell Model
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3D Shell Static Analysis

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.

Groups ¥ BX  LUSAS View: Example 3D.mdl Window 1 X
[Horou.. dehttri. Qanal. utiit. [Frepo. Hlayers S0 S50 00 %00 ET 00 oo 00 0
5 Example_3D.mdl ~
= BGroups
(3 BaseSlab Analysis: 01 Base Analysis T
Dwal Loadcase: 1:SelfWeight
aRingBeam B Results file: Example_3D~01 BaseAna]ysls mys
o eaats 5| Entity: Force/Moment- Thick S|
3 Wall_Ringbeam Component: Mx (Units: N.i mlm)
3 Roof_Ringbeam Dummy
(3 Rooft -150.743E3
@ Roof2 -75.3715E3
DRoofs 0.0
0 Roofd k) 75.3715E3
Cireiosutice 5| B 15074383
(@ BaseCircularPart 226.115E3
@pLoad 301.486E3
Teimirmisutaas 376.858E3
@ BaseSiabGasPressure 452.229E3

3 Base_Wall_Dummy
3 Wall Dummy_Regular
3 Wall_Regular

Maximum 486.964E3 at node 11357 of element 3707
Minimum -191.38E3 at node 5706 of element 1918

20

3 Wall_oummy_Bustrss
(@ Wall Buttress Va
TWel Topered Buttrss
3 Wall Tapered Roguar .

Rivaiss | Some objcsar nvile A X

Avallable resus Some elements are not showing resuts

) Show visibiity feedback in treeview (slow for large models)

Fig 178 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.

[oates < BX LUSAS View: Example 3D mal Window 1 X |

[Elorou.. dhAttii.. Qanal.. il ERepo. Elayers 1200 1000 800 500 400 200 [ 200 400
-~ Bemple_30.mdl S
- Structural analyses
) = 01 Base Analysis Analysis: 01 Base Analysis <
—‘ o Loadcase: 1:SelfWeight
@ 3 Results file: Example 3D~01 Base Analysis.mys

Entity: Force/Moment - Thick Shell
Component: Mx (Units: N.m/m)

-150.743E3
—75 3715E3

75 3715E3
5 450.743E3
226.115E3
301.486E3
376.858E3
load (Preumatic) = 452.229E3

_‘7%:"“(:"")) Maximum 486.964E3 at node 11357 of element 3707
B s lana Minimum -191.38E3 at node 5706 of element 1918
29:Vertcal Prestress(Long) (x-1.0)
29:Verticl restress(Long) (x 1.0)
3t:Horizontal Prestress Loti(Long) (x 1.0)
33:Horizontal Prestress_Lot2(Long) (x 1.0)
35:Horizontal restress Lot3(Long) (x 10) ¥
>

200

00

<

1:SelfWeight e
None. | Speciy...

Fig 179 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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LUSAS View: Example_3D.mdl Window 1 X

200 7000

Layers vax
[orou. At Qanal. it Erepo. iayers
= 1 Bxample 30.mdi
Roome soma v
® Copy
@ oo mesh Paste L
© Atributes N 3
2 Rt Delete
& Geometry ¥ Geometry.
# Contours : M (Force /. Mesh,
& Annotator 7
 View propertes Aibutes
Labels
¥ Annotation o
Y| utiites. <
| .
Vectors
! Deformed mesh.
Diagrams.
Values... =
& Propertes... [
Deformatonall] Mo deformations drawn
[ Window summry | Belals... g
i view anes Detais...
Defauits..

Fig 180 Contour Display using Local Coordinate in a 3D Shell Model

Analysis: 01 Base Analysls
Loadcase: 1:SelfWeit

Entity: Force/Momenf - Thick Shell
Component: Mx (Units: N.m/m)

. -150.743E3

75 3715E3
75 3715E3

376.858E3
1452.229E3

igl
Results file: Example_ 3D 01 BaseAna\ysls mys

Contour Results Appearance

Entty
Component Mx

Display.

Display on sicels)

Averaged nodal
| oo ]

Maximum 486.964E3 at node 11357 of
Minimum -191.38E3 at node 5706 of el

Draw in slce local direction

Close.

v 8 X Cyclable ltems.

Canc

Force/Moment - Thick si

Ap)

Results Transformation

O No transformation applied (consult Solver manual)

O Local axes of element/node

Local coordinate of parent feature
O Globalaves

© Material

O hssigned

(®) Specified local coordinate
1:LocalCoord

Shell plane for rhtheta

O Reference path
No objects defined

x = longitudinal

Cancel

y = transverse

Help.

If a local coordinate of ‘LocalCoord’ is chosen, the result component of ‘Mt’ can be
displayed, where ‘t’ represents tangent direction in the cylindrical local coordinate

system.

vax

ou. et Qanal. Fuiic. [repo. Bayers

LUSAS View: Example 3D.mdl Window 1 X

= S Example_3D.mdl
O Example_3D.mdI Window 1

8 Contours : Transformed Mt (Force/Moment - Thick S
5 Annotation
® View properties

7200 7500

500

Analysis: 01 Base Analysls
Loadcase: 1:SelfWei

Results file: Examp\e 3D 01 Base Analysis.mys

Entity: Force/Moment - Thick Shell

Transformation: Local Coords "LocalCoord"

Component: Mt (Units: N.m/m)

Properties

Contour Results Appearance

Entty Force/Moment
Component Mt B
Display  Averaged nodsl v

Transform [ Set...| | LocalCoord

Display on sicefs)
Draw in sice local direction
Close.

Cancel Apply Hel

-150.743E3
-75.3715E3

x

0.0

75.3715E3
150.743E3
226.115E3
301.486E3
376.858E3
452.229E3

Maximum 486.964E3 at node 11357 of element 3707
Minimum -191.38E3 at node 5706 of element 1918

In the Wizard-built model, a Results Transformation dataset is also defined and

“%x

Fig 181 Mt Contour in a 3D Shell Model

assigned to roof, wall, and base slab respectively, as shown below.
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3D Shell Static Analysis

SN Results Transformation X

O Local axes of element
O Local coordinate of parent feature
O Global axes
(®) Specified local coordinate
|2:5pherical for i ]
Shell plane for theta/phi v
O Reference path
|No objects defined ]

x = longitudinal )y = transverse

Name| ion_Roof M=)

Cancel | Apply | Hep |
s SE= S Results Transformation X

O Local axes of element
O Local coordinate of parent feature
O Global axes
(®) Specified local coordinate

1:LocalCoord |

Shell plane for theta/z v

(O Reference path

No objects defined ]

x = longitudinal y = transverse
Name [ ResultTransformation_Wall ~H@
Close \ Cancel Apply \ Help \

oo = = % Results Transformation X

O Local axes of element.

(O Local coordinate of parent feature
O Global axes
(® Specified local coordinate
| :LocalCoord v

Shell plane for rftheta v
O Reference path
> No objects defined v

x= longitudinal )y = transverse

Name | ResultTransformation_BaseSlab “= e

Close \ Cancel Apply. Help
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Attributes. vax

LUSAS View: Example_3D.mdl Window 1 X

[Slorou.. doatti.. Qana
= = Bxample_30.mdl
& 3 Attibutes (166)
-2 Mesh (45)
12 Geometric (17)

utilit. FRepo.. [BLayers

0.0

11 Material (11)
) 23 Supports (14)
-3 Loading (66)
3 Local coordinate (5)
3 Activate elements (1)
& LActivate
= & Deactivate elements (3)
& 1:Deactivate
& 2:Deactivate(Roof ring)
& 3:Deactivate(Roof center)
 Search area (1)
ry

400

= 5 Results Transformation (3)
& $:ResultTransformation_Roof
& 2:ResultTransformation_Wall
& 3:ResultTransformation_BaseSlab

200

200

~ | Specify...

1200 1000 80.0

Analysis: 01 Base Analysis

Loadcase: 1:SelfWeight

Results file: Example_3D~01 Base Analysis.mys
Entity: Force/Moment - Thick Shell
Transformation: Assigned attribute

Component: Nx (Units: N/m)

-300.017E3
0.0

300.017E3
600.034E3
900.051E3
1.20007E6
1.50008E6

Maximum 2.15129E6 at node 11995 of element 4061
Minimum -548.863E3 at node 15385 of element 504

&

Fig 182 Results Transformation in a 3D Shell Model

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

Layers vax

LUSAS View: Example_3D.mdl Window 1 X |

Eorou. bt Qanal. i Trepo. Gayers

-1200

1000 800

S Example_3D.md|
O Example_3D.mdl Window 1 3

# Deformed mesh
& Attributes
 Utities

eometry
8 Contours : Transformed Nx (Force/Moment - Thick S

& Annotation S
 View properties

Results Transformation

O No transformation appiied (consul Solver manual)
O Local axes of element/node

O Local coordinate of parent feature

O Global axes

Contour Results Appearance

Entty  Force/Moment v
Aesigned resuls transformation attributg

Component [ pecified local coordinate

Display  Averaged nodal Nind_Local

Transform ribute

O Reference path
No objects defined
| I Display on siice(s)
Draw in slice local direction
|

oK

Close Cancal

x = longitudinal

Analysis: 01 Base Analysis

Loadcase: 1:SelfWeight

Results file: Example_3D~01 Base Analysis.mys
Entity: Force/Moment - Thick Shell
Transformation: Assigned attribute

Component: Nx (Units: N/m)

-300.017E3
0.0

X

6 at node 11995 of element 40|
3 at node 15385 of element 5l

y = transverse

Cancel

Help

Fig 183 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.
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Layers

vax

[Slorou.. yati.. Qanal.. gPutiit.. Erepo..Fliayers

<

Deformations...

3 Example_3D.mdl
= O Example_3D.mdl Window 1
@ Mesh
 Deformed mesh
© Attributes
© Utities

Geometry
# Contours : Transformed N (Force/Moment - Thick St

& Annotation
@ View properties

No deformations drawn

() Window summary Detale..

LUSAS View: Example_3D.mdl Window 1 X |

51200

1000 500 00

500

200

200

Analysis: 01 Base Analysis

Loadcase: 1:SelfWeight

Results file: Example_3D~01 Base Analysis.mys
Entity: Force/Moment - Thick Shell
Transformation: Assigned attribute

Component: Nx (Units: N/m)

-300.017E3
0.0
300.017E3
600.034E3
5 9000513
1.20007E6
1.50008E6
1.8001E6
2.10012E6
Maximum 2.15129E6 at node 11995 of element 40
Minimum -548.863E3 at node 15385 of element 5

() View axes Deta. S
e 5
Fig 184 Nx Contours in a 3D Shell Model
Layers. T ®X " LUSAS View: Example 3D.mdl Window 1 X |
[Horou. dpattri. Danal. Futiit [Frepo. [Hlayers EE EL F00 500 200 200 50 200 W00
<3 Example_3D.mdl
| O Example_3D.mdl Window 1 - . .
& Mesh 2 Analysis: 01 Base Analysis
 Deformed mesh Loadcase: 1:SelfWei
gc“;“’“‘“‘ Results file: Example_3D~01 Base Analysis.mys
2 oy Entity: Force/Moment - Thick Shell
¥ Contours : Transformed Ny (Force/Moment - Thick St Transformation: Assigned attribute
& Annotation Component: Ny (Units: N/m)
@ View properties =
¥ -1.72625E6
-1.51047E6
-1.29469E6
-1.07891E6
5 863 1253
o -647.344E3
& -431.562E3
-215.781E3
i 00
Maximum 50.6619E3 at node 13088 of element 42:
Minimum -1.89137E6 at node 5706 of element 19
< >
Deformations. No deformations drawn
] Window summary Detals...
[ View axes Details... §
e 5
. .
Fig 185 Ny Contours in a 3D Shell Model
Values

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

treeview.
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Layers ¥ BX " LUSAS View: Example_3D.mdl Window 1 X |
[Blerou... dattri.. Qanal.. g utilit.. Erepo... FlLayers ~1000 -80.0 0.0 400 200 00 200 40.0
5 Example_3D.mdl
= DExample_3D.mdl Window 1 ) N
5 Mesh Analysis: 01 Base Analysis
 Deformed mesh Loadcase: 1:SelfWeight
g&“{i‘;’“‘“ Results file: Example_3D~01 Base Analysis.mys
: Ge‘or::w Entity: Force/Moment - Thick Shel
8 Contours : Transformed Mt (Force/Moment - Thick Shell) | Transformation: Local Coords ”LocaICoord"
5 Annotation K Component: Mt (Units: N.m/m)
[ Values : Transformed M (Force/Moment - Trick Shell) |
ST -150.743E3
-75.3715E3
= nn =
Properties Properties X
Velue Resuits Values Display Value Resut{ Values Display |
Enty |Force/Moment B Threshold (© Percentage
Component [HE v [MSymbols - Maxima R
Location  Averaged nodal ~ Values Minima < -8.1580: 7 afel
Transform  [2E] | LocaiCoord Deform gs\gmﬁmmgufﬁ & (=] [Faiire detais. Df2|:"?e"|l-|
Decimal places 2
(/I Show trailing zeros Choose font...
R Pen  Symbol Font
Display on slice(s) pen 192 [EEE| choosepen... 00 °
g X
Close Cancel Apply oK Cancel Apply Help

Fig 186 Value Display in a 3D Shell Model

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

Layers vax

LUSAS View: Example 3D.mdl Window 1 X

[Slorou.. &eattii.. Qanal.. P utilit. ElRepo.. ELayers

<1000 800

) 01 Example_3D.mdl Window 1

## Contours : Transformed Mt (Force/Moment - Thick Shell) |3

| 6 Values : Transformed Mt (Force/Moment - Thick Shell)l

400

200

< >

Deformations... No deformations drawn
[ Window summery Detale.
4 View axes Details...

Defauls...

i Example_3D.mdl 2

Analysis: 01 Base Analysis
Loadcase: 1:SelfWeight
Results file: Example_3D~01 BaseAnaIyS|s mys
Entity: Force/Moment - Thick Shell
Transformation: Local Coords "LocaICoord”
Component: Mt (Units: N.m/m)

. 150.743E3

-75 3715E3
|

75 3715E3
150.743E3
226.115E3
301.486E3
376.858E3
452.229E3

Maximum 486.964E3 at node 11357 of elemq
Minimum -191.38E3 at node 5706 of elemen

Fig 187 Values Displayed for Selected Nodes in a 3D Shell Model

Graph through 2D

Define a line from Geometry>Line>By Coords...
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Enter Coordinates X
Grid style il .
3 columns P T el e
el T rel
! Il e
X Y z Pe H el
1 0 43575 056 o Fr RNy
o [
2 0 43.575 43.28 * Il 1] LT
IrS LT e
o] PY [®! (&1
e
& P ] by
Ll o ] T [® (&
] R
It e l & by
= = e
it i pe FoEH Al [&1
o] ol | L JNBY
Local coordinate o] kd T By
= o (o ! i x
Global coordinates PY Fel -4
ir
. § & 7
[ Set as active local coordinate

OK Cancel Help

Fig 188 Line for Slicing Results in a 3D Shell Model

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

Graph Through 2D x Loadcases and Extent X
(O By cursor
Loadcases
5nap to arid Grid size L0
1:SelfWeight
[ Grd offset | 00,00, 00) @ 9
O Active
Generate new annotation line
Qall
By selected line
®sy O specified Select
Straight line 1449 ~
Create new window for each loadcase
Projectline  Normal to screen &
By selected surface Extent Visible model v

Atlocation of existing graph

oK Cancel Help < S=(B) O=Mm) - EES =

Fig 189 Graph Through 2D in a 3D Shell Model (1)
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Slice Data X

Display Graph X
om 2D model Display X scale
(® Results component om slice Title | Graph for Mt @ Automatic (O Manual
Entity Force/Moment v + [Wall height min 0.0 max 1.0
Component Mt ~
Transform [Set...| Localcoord M [ use logarithmic scale

10
Show grid Show symbols. Seale factor

¥ scale
Corner labels [ Auto-update
(@ Automatic (O Manual

Include existing graphs min 0.0 max|1.0

[ Use logarithmic scale

Scale factor
Width for corridor averaging Name | Graph for Mt for Self Weight] Save in treeview Display now

<H=@ | osM- 2 =3z T e E7S oz

Fig 190 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.

 LUSAS View: Example_3D.md| Window 1 Graph for Mt X | -
SRE=F
Straig| Mt- | » [LUSAS 20.0-0c8 February 13,2023
htline| 1:Self
1788(1Weigh LUSAS12
L (%
1 [0.8881-102.79 Graph for Mt
2| 1.2666 -86.456 20000
3 25333 61808
[4 | 38 -30.693 10000 P SN
5 | 56 -17.024 0 At g g =
6 | 74 53386 10000 Pl [ e " b
7| 74 31477 o
8] 92 14013 -20000 N
lo | 110 78221 -30000 X
ol / \
10 | 128 79243 40000 , \
11 | 146 -25173 = /
12 | 164 39916 -50000 / Y
182 50757 -60000 ,' .
200 57599 /
15| 218 -6.0624 ~70000 /
236 -5.9619 -80000
254 53638 90000/~
27.2 -41052 ,,/
29.0 -2.0087 ~100000
308 199697 M v & § ¥ @ « N3 ®x o o ¥ © ® o o I ©
ETREE 0 e ¢ ¥ & 2 8 &8 & & & 8 8 3 é T ¥ 3 2
344 181800 Wall height
362 97264
380162656 ——+——Mt - 1:SelfWeight(2) / Straight line 1788(1)
398 68305
4124 27576
4268 59652
BT cau USAS200\P ple_3D.mdl Units: N,m/kg.s,C

Fig 191 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.

O Target is for selecting members from which the results will be exported.
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O Angles defines where slices should be taken in the model. Multiple angles can
be defined by using a semi-colon ( ;) as a separator. (e.g. 10;20;30)

O Interval defines the distance between each value.

With Self Weight 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.

LNG Tank - Export Forces/Moments to Excel (3D) X
Output filename ‘Example ‘
Working folder (® Current () User Defined
Save in ‘C:\Users\ohsso\Documents\LUSASZOO\Projecrs\ExampIefWalLRingbeam.xlsx ‘
Target Range
Angles : degree (eg. 10; 20; 30
(O Base slab (® Wall + Ringbeam (O Roof OAll g gree (69 )
Interval : Im]
Resullts to extract
EoreesEndMoments Diameter of crosswise piles : 0.7 [m]
Design resukts Diameter of circumferential piles : 0.8 m]
Utilisations

No design code is enabled

uLs UtilPM UtilShear PM Capacity Shear Capacity UtilD: pressi Compression Depth

Loadcases

[[] Combinations only

A
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

8:Liquid bottom(Max)

9:Liquid bottom(Min)

10:Gas Pressure(Max)

11:Gas Pressure(Min)

12:Live load

13:Snow load

14:Test load (Liquid) “

Slicing Line
Angle (Positive Direction)

X axis (0 Degree)

Cancel Help

Fig 192 Export Forces for 3D Shell Model (1)
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Moment of Wall_Ringbeam (Hoop)

Tyee Moment
Location | _ Wal_Ringbeam . o
Direcion Hoop

unt mim

[CoadCase | Wax T Win T
2079] 2079
11238 41238

T

S00|  sar| e Moment of Wall_Ringbeam (Hoop) Moment of Wall_Ringbeam (Hoop)
55 P

o0 w3 w000 000

65 o 0s|

w0 sal s 200 000

750 PE- T

200 wel 10 000 000

oo B B o 1000 2000 30,00 0. 5000
950 13.97| 13.97| 2000 2000

wo| s e

wso|  m| x| | F 4000 £ 4000

to| e e £

Tiso JE | R S § o 20 deg: soltweight
2w bt -

1250 b - 00 000

nw| s 15

nso| wse|  1ser

14.00 15.58| 15.58] 10000 10000

uso| w1550

1500 15.37| 15.37| 12000 12000

1550 b -

6w oo toos|  -taoco 1000

. T —r Oisance(m) Oistance(m)

| um e

wso| el raeo e

1800 b - 1456

[AxialForce Hoop | AxialForce RV | ShearForce Hoop | ShearForce RV Moment-Hoop | MomentRV] @) [l

Fig 193 Section Force Spreadsheet for Self Weight

If Angles is defined as 0345, 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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LNG Tank - Export Forces/Moments to Excel (3D) X
Output filename ‘Example
Working folder () Current (® User Defined
Save in ‘05“ USA j ple_Wall_Ri xlsx
Target Range
(OBaseslab @ Wall+Ringbeam  (ORoof (DAl I Angles: | sl | degree (eg. 10;20; 30’

Interval : 05 [m]

Results to extract

Forces and Moments Diameter of crosswise piles : 07 [m]

Design results Diameter of circumferential piles : 08 [m]

Utilisations

No design code is enabled

UtilShear

Compression Depth

uLs Shear Capacity tiiDecompression

PM Capacity

Loadcases
[]Combinations only

1:SeffWeight ~
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

8:Liquid bottom(Max)

9:Liquid bottom(Min)

10:Gas Pressure(Max)

11:Gas Pressure(Min)

Slicing Line

Angle (Positive Direction)

};S‘:zvlf ::dad X axis (0 Degree)
14:Test load (Liquid) ™
Cancel Help
Fig 194 Export Forces for a 3D Shell Model (2)
Force of Wall_Ringbeam (Hoop)
& ol Fores S Conerton
Location Wall_Ringbeam (#): Tension

20 6o

Dead20 dog_Dead20 deg_Presf20 deg Wal[20 deg_Liguii20 deg Liqul20 deg Gas |

Tulz0
£

[20 dog_Gas [20 deg_Live {20 dog_Snow 20 deg Test (20 deg Test [20 dog_Presi20 dog_Pres[20 deg_Prosi20 deg_Pres]
T Taa 4t %2 Tz E

08

(=TT o Wl oy i o Ll e 70 G oy [ 0oy S0 0o Toi [0
oo 1597q ¥ e L e T e
o5 oons ET s ral rer s
Too|  zmare Geor e el s sw s o
| e B I 7 N1 I
P S e wem o o esase
S| s Twawe| mes el on|  wn 7ne
w| o) B [ B | B | R B
Sso|  onor Tow|  Tow| s gms il i 7e6
o o Jel el eoml  wal  nel el 7o
0| sma N " R . "
oo seare  essor Axial Force of Wall_Ringbeam (Hoop) bl sme Axial Force of Wall_Ringbeam (Hoop)
Sso| swaw  rierso o sew s
Soo| o 7awcs aov0c0 il ssesd P
cso| e rece0r R — 20 de: stwehe i
Too| resrs| rrsao o w7 &
750 85157, 790146 2000.00 3| 85157| n
800 913.75| 8084.90| 1| 91375 9 =20 deg: Dead Loads of Steel 7
850 975.85| -8266.09| 5| 975.85)| 9l Strachre 8
000|  t0o7es| 844502 000 y F T T ——20deg: Dead load of inerand &
S| suse 000 500 1000 100 M BB 00 B0 4000 100 0W 4 - 0 des. 0 5
1000 oo essos| | g o e R H
1050 1164.06| -8576.32| § 200000 M| 1164.06| 11 =20 deg: Dead load of steel 8
el Teenl eew v | e b Snctosonthe oot H
liso|  ixzsee 52000 o e i o ses destondotmion &
00|  1o125s| sae23] 400000 Ml sl - 20 deg: Dead load of nsulut rt
foso|  iow e o el s
100 el 0% o000 o il 2 o0 |\ / — 20 deg: Pressreonuter k[
loso| ez vion o \ el dusto mevton ls
Moo iera sor [T - ; i
1450 129,66 -7887.61) 800000 12| 1298 66| 1 800000 \/ 20 deg: Wall piping oading 2
looo| a0t 112008 Bl teear 7
loso| ioui| 02001 bl ween| — 20 deg U bottomz) 1
looo| i0s| o | ooooco W eossl i owoce B
1650 130046|  -7380.12| Distance(m) Yol 1300.45| : Otstance{m) o
00| iseds|  raote ot 1 G
1150  isesl rioser anl oul ow|  oa  om| ws|  om| o loo| imse| ol ow s s qone]| el e e 7
looo| s esrers Sl 0w 0w o om| sl o ool lowes| imses|  ois|  ois  sel  soss ewosw| ewoss| 42| 420

Fig 195 Section Force Spreadsheet for All Loadcases
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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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3D Shell Eigenvalue Analysis

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

Analyses Y BX  LUSAS View: Example.mdl Window 1 X

[Horou a.munm Erepo. Bayers %% 705 o EX EX EX 00 7000 200 Ta00 700
40:Roof Frame1(Staged, temporary) ~
ner Tak Work(Sta0ed)
Roof Frame2(Staged,temporary 4
of Frame3(staged,temporary) f
of Wet Concrete(Staged temporary) ° i
Roof Complete(Staged) &
6:Roof sl Loae(Siaged)
17:Ringbeam 2nd PS(Staged)
erical PS(Staged)

oronta P(taged)

inal Short term(Staged) k
nal Long termiStaged) 2
Nonlinear angvsis aptions
05 Eigenvalue Analysis
+ CaMatral

Eigenvalue X

Solution Frequency =

Number of siganvaluss
Shito be sppied 7T
[linclude model demping | Set derping

Eigenvalues required  Minimum v
Range specified a5
S Frequency Eigenvalue

Eigenector normalksation: Type of eigensolver  Default
Ounty  @Mess  Ostfiness
Sturm sequence check fo missing eigenvalue
7] Convert assigned loading to mass Advanced...

ok Cancal Help.

4 65:Prestress Horizontal ONLY (Long) v

s2Egemaie |

Fig 196 Eigenvalue Analysis in a 3D Shell Model

If the option to ‘Include non-structural masses’ is checked, the equivalent mass is
computed to include the non-structural masses, and the mass computation summary is
provided in the working folder with the filename of <model
name>_EigenvalueAnalysis.xIsx.

LNG Tank -

el for Design Check

Tank definition data Tnk1 v

Model filename ‘

Saved model file path e L j mdl

Modeling options

Element size (m) [ Half symmetric model

M EHEE e 10 I Include non-structural masses in the eigenvalue analysis I
Concrete Tank Options
Buttress Construction Scenario - Single layered roof 1
Number of buttress: 4 v - Base /Wall/ Ringbeam

- Ringbeam 1st PS
- Roof frame 1/ Inner work
- Roof frames 2,3

Extruded 10 (m)
Buttress width 5.0 (m)

1
2
3
4
5 - Roof wet / Roof complete
6
7
8

Roof/ Ringbeam - Ringbeam 2nd PS
Roof construction plan Single layered roof 1.~/ SUENEEEIF

- Wall horizontal PS
Roof first stage thickness (ratio) 05

Initial prestress for ingbeam (ratio) 05
Initial prestress for base slab (ratio) 0.5

Fig 197 Dialog for a 3D Shell Eigenvalue Analysis
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Summary of Mass Calculation

DIMENSION
Component Dimension
Inner Tank Radius 42.1
Tank Height 40.06
| |LNG Height 38.92 ]
SUMMARY FOR MASS
Volume Unit mass Structural mass Total mass Equivalent unit
Component mass
kg/m’ kg kg kg/m’
Roof 3,967 2,500 9,917,753 12,027,753 Not Used
Ringbeam(upper) 524 2,500 1,310,993 1,310,993 2,500
Ringbeam(lower) 463 2,500 1,156,758 1,156,758 2,500
Wall & Buttress 9,976 2,500 24,940,428 25,764,428 2,583
BaseSlab 8,719 2,500 21,797,085 24,925,085 2,859
LNG 216,714 480 104,022,703 | 104,022,703 480
Inner Tank 316 7,850 2,479,105 2,799,105 8,863

Fig 198 Mass Summary for an Eigenvalue Analysis

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

Analyses vax
[Blerou.. dyAttri.. (QAnal.. g Utilit.. ERepo.. [ELayers

& #140:Roof Frame1(Staged,temporary) ~

Isotropic X

<

:Inner Tank Work(Staged)
:Roof Frame2(Staged,temporary
:Roof Frame3(Staged,temporary)
:Roof Wet Concrete(Staged,temporary)
:Roof Complete(Staged)
:Roof Inside Load(Staged)

:Ringbeam 2nd PS(Staged)
48:Vertical PS(Staged)
49:Horizontal PS(Staged)
:Final Short term(Staged)
:Final Long term(Staged)
% Nonlinear analysis options
05 Eigenvalue Analysis
‘3 Material
8:BaseSlab(Eigen)
9:Wall(Eigen)
10:RingBeam(Eigen)
11:Roof(Eigen)

F-5-5-5-5-5-8-8-8

ol 113

% Eigenvalue

S Post processing
£153:WO Roof RingBeam 1st PS ONLY

O Roof RingBeam All PS ONLY

Roof Frame1 ONLY

Roof Dead Load Others

Roof Frame2 ONLY

Roof Frame3 ONLY

f Wet Concrete ONLY

gbeamPS VerticalPS ONLY

61:08E Max(+)

52:Eigenvalue ‘ .

[ Plastic
Elastic

[Ccreep

[] Dynamic properties
Thermal expansion

[JDamage

[shrinkage [ Viscous

[JTwo phase  []Ko Initialisation

Value

Young's modulus
Poisson's ratio

35.0E9
02

Mass densiy

2.85876E3

Coefficient of thermal expansion

10.0E-6

Name | BaseSlab(Eigen)

MI=I0]

Cancel

Fig 199 Mass for Eigenvalue Analysis

Apply

Help
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Viewing Results

Mode Shapes

The Layers [2 treeview in the LUSAS Modeller user interface controls what is
displayed in the View window. Mode shapes can be observed by adding the Deformed

mesh layer to the Layers TreeView.
Layers v ax LUSAS View: Example.mdl Window 1 X
[Blcrou.. dAttri.. (QAnal... ¢ Utilit... ERepo. ~40.0 20.0 0.0 20.0 200
-2 Example.mdl
Efm|Fxample.mdl
5 Geometry ™ Copy
# Deformed me ' Paste
& Attributes X Delete g
& Utilities "] ©
& Mesh Geometry...
P Annotation ¥ Mesh...
% View propertic ¥ Attributes...
Labels...
¥ Annotation 2
¥ Utilities... 5
Contours...
Vectors...
. Deformed mesh...
Diagrams... =
S
Values... &
&' Properties...
o
S
B ‘ ‘x 15.2838E3
[ Window summary = Details... g
S
View axes Details...
Defaults... |

Fig 200 Mode Shape from an Eigenvalue Analysis

Natural Frequencies

By selecting the menu item Utilities>Print Results Wizard... the Natural Frequencies
and Participation Factors will be listed.
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Print Results Wizard X
Resuits type
() Components (@) Eigenvalues
Results
L= Model units ~
Loadeases | yz:Egenvalue ~
Eigenvalues (Frequency)
Participation factors
[FIMass participation factors
Sum mass participation factors
Pg;smr\
Significant f =
S (=
[ pisplay now [ show traling zeros
Save in treeview Defauits [ hreshold value |1/A
Loadcases
Avalable Induded
= Eigenvalue " =l e
Name | [ tnew)
Cancel Apply Help
LUSAS View: Example.mdl Window 1 Sum mass participation factors X
HERB=0 O
Mode+| Sum Mass X | SumMassY | Sum Mass Z | Sum Mass THX | Sum Mass THY | Sum Mass THZ | Frequency | Period
1 1 0.487244E-9 0.780641E-9  0.26361E-18  5.75525E-12 3.59156E-12 0.108516 2.17985 0.458747
2 2 0.606336 0.306421 0.856113E-15  2.29076E-3 4.53287E-3 0.108516 2.18599 0.457459
3 3 0.912758 0.912757 1.0427E-15 6.82365E-3 6.82363E-3 0.108516 2.18599 0.457459
4 4 0912758 0.912757  35.8402E-12 6.82365E-3 6.82363E-3 0.108516 450674 0.22189
5 5 0.913092 0.938632  36.4364E-12 0.0224938 7.02617E-3 0.108516 4.50793 0.221831
6 6 0.938965 0.938966  40.1325E-12 0.0226963 0.0226955 0.108516 450793 0.221831
7 7 0.938965 0.938966 = 0.104454E-9 0.0226963 0.0226955 0.108516 453905 | 0.22031
8 8 0.938965 0.938966 0.487768 0.0226963 0.0226955 0.108516 456403 0.219105
9 9 0.945443 0.987015 0.487768 0.0621274 0.0280112 0.108516 458906 021791
10 10 0.993492 0.993492 0.487768 0.067443 0.0674431 0.108516 4.58906 0.217909

Fig 201 Natural Frequencies from an Eigenvalue Analysis
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2D Beam-Stick FSSI Seismic Analysis for Horizontal Actions

2D Beam-Stick FSSI Seismic Analysis for Horizontal

Actions

This example is based on the user inputs discussed in the section titled Examples —
User Inputs : 2D Beam-Stick FSSI Seismic Analysis for Horizontal Actions

User Inputs

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

Insulation Data

The thicknesses of the wall insulation and of the base insulation are used to create the
‘Connection Part’ — a beam element which connects the concrete tank and the inner
tank.

Inner Tank Properties

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

Tank type Target models to build
Material : Concrete 4 D [[]2D axisymmetric coupled thermal/structural
Evaieny [Aboveground o [v/] 2D beam-stick seismic 13D shell structural

Tank Definition | Load | Prestress| Support (3D) Ground
——

|.I|- Tank Properies |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 ~ T .
1 2 3 " 5 o S 3 < hickness 6 Height 6
0.0361 0.0361 0.012 0.01 0.01 00 00 0.0 Thickness 5 Height 5
Height(m) 3.08 270 3.86 6.12 00 00 00 0.0 . Thickness 4 Height 4
< > Thickness 3 Height 3
Inner tank material properties i ke T ceight2
Coefficient
. oo Mass Thermal Heat .
Elasticmodulus  Poissor's [0 ofthemnal T4 iy capacity Descrption
(E. [N/m?)) ratio (v) ko) [e/)ép]anslcn Umscl . ped) ickness 1 ] Height
200.0E9 03 7.85E3 10.0E-6 20 1.968E6 Inner Tank
Setzero Setdefaults
Name | Tnk2 v |5 (new)

Fig 202 User Inputs 1 for Seismic Analysis

Non-Structural Masses

Loadings other than self weight can be considered as additional masses in the seismic
analysis.
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Tank Definition X
Tank type Target models to build
Material Concrete ~ D []2D axisymmetric coupled thermal/structural
E— e 5 [712D beam-stick seismic 713D shell structural

Roof RingBeam Wall Base Slab Inner Steel Tank

Descriptions Mass [kg]
Suspended deck & insulation of the suspended ceiling 135.0E3
Roof nozzles 42.0E3
Roof platform 400.0E3
Roof pump & crane 30.0E3
Roof piping and support 103.0E3
Others 0.0
Total 2.11E6

Set zero Set defaults

Name | Tnk2 ~ |2 (new)

oK Cancel Apply Help
Fig 203 User Inputs 2 for Seismic Analysis

Lumped Properties

The piles are modelled using a series of beam elements, and the geometric and material
properties of the pile group as a whole need to be defined.
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[]2D axisymmetric coupled thermal/structural

Tank type Target models to build
Material : Concrete v
Elevation : Aboveground = |20 beam-stick seismic

Tank Definition | Load | Prestress| Support (anj Seismic Ewund

[§)30 shell structural

Geometric properties
Name Exist Area [m?] Shear area [m?] Moment of inertia [m*] Length [m]

Pile (Lumped) M 61723 540.14 297.064E3 NA
Lumped isolator

Total mass of lumped isolator [kg] = isolator mass x number of base support = |188E3 |
Lumped pile stiffnesses

[Vertical beam stick model] Vertical stifiness of pile/soil [MN/m] 225.9233E3

[Horizontal beam stick model] Rotational stiffness of pile head [MNm/rad] 225.5233E3

Setzero Set defaults
Name [ Tnk2 V] (new)
oK Cancel Apply

Fig 204 User Inputs 3 for Seismic Analysis

Soil Properties

Help

The soil properties for lumped horizontal stiffness are used as the boundary condition

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

Tank Definition “
Tank type Target models to build
Material : Concrete &2 [[]2D axisymmetric coupled thermal/structural
Tank Definition| Load | Prestess| Support (3D)
sei Proporiesy
Stifiness distribution:  Constantvalue v
Layer  Soildepth Thickness  Sfatickh  Statickv  Dynamickh Dynamickv Lumpedkh oo oo s a
No. [m] oflayer[m]  [MN/mim] [MNmim] [MNm/m] — [MN/mim]  [MNfmm]  DeSeiption(t "
]
0.0 00 00 00 0.0 0.0 0.0 Start of sail p i
1 20 20 190793 00382 381586  0.0763 1492E3  Backil yer
ayer
2 40 20 329527 00659 659054 01318 25769E3  Backfil ﬁ:
aye
3 6.0 20 286317 00573 572634 01145 2239E3  Backiil Layer 3
4 80 20 275563 00551 554125  0.1102 21549E3  Backiil Layer 4
5 -10.0 20 302072 00604 604143 01208 23622E3  Backfil Layern
[ -120 20 413977 00828 827954  0.1656 32373E3  Silty Sand!
7 -14.0 20 345307 00691  69.0614 01381 270033 Sty Sand1 Add Setzero
7( T o Tt Tt oot T Tt T 5 Remove Setdefaults
Pile toe stiffness
Static vertical stiffness [kN/m] 15.0E3 Static horizontal stiffness [kN/m] 15.0E3
Dynamic vertical stifness [kh/m] 20053 Dynamic horizontal stiffness [kNim] 20053
Name | Tnk2 v |+ (new)
oK Cancel Apply Help

Fig 205 User Inputs 4 for Seismic Analysis

Seismic Analysis Wizard
The user dialog is available from LNG Tank> Create 2D Model> Seismic... as
shown in [Fig 272].

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

o Set the number of buttresses to 0 (zero).

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

e The 1 and 2" mode frequency of the tank can be obtained from a separate
eigenvalue analysis. This is used together with the damping ratio for computing
damping coefficients for material properties of each member.
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LNG Tank - Seismic Analysis X
Tank definition data Tnk1 >
Model filename [Example |
Saved model file path ‘C \Users\ohssD\DDDuments\Lu535191\ijems\ExampleﬁEN19987H|
Analysis type
Design code EN 19984 v
O Beam-stick horizontal (®) Beam-stick horizontal O Beam-stick vertical

(Excluding base pressure) (Including base pressure)

(Beam-Stick Horizontal model and Vertical model is created according to
EN1998-4:2006 A3.2.2 Simplified procedure for fixed base cylindrical tanks)

Critical damping / frequency

Critical damping (%) Frequency (1st mode, Hz) Frequency (2nd mode, Hz)
Base slab 40 | 1.25 |
Roof
Wall
Inner tank
Foundation
LNG impulsive

LNG convective

Ground

Buttress

o S| (e |[&] N N
= o |o| o |of o o
=}

Number of buttress

Buttress width 5.0 m
Exiruded thickness L0 (m) (m)

Fig 206 User Dialog for Seismic Analysis Wizard

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

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

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

L

Thete se 4 Rems at this positon
Press Tabto hrough them

X

g

.

Fart
G 2:JointGeometic
Mat: 10 Impulsivel NGMazs
Sup 3 Free for Liquid
There ate 4 Rems at this pasiton
Press Tab to cycle th them

CALCULATED PROPERTIES FOR HORIZONTAL MODEL

1) LNG Mass & Height

Component

IBP (Including Base Pressure)

Myz/M

fo|

9

Lever arm
height

mass

LMNG Convective

0.924 0.49

0.54

me{mi), Kg
50,527,354

hethi), m
3277

LNG Impulsive

0.924 0.51

079

53,494,849 30.88

Component

EBF (Exluding Base Pressure)

Mg/ M

Lever arm
mass

height

me(mi), Kg

hethi), m

LMG Convective 0.924 049 0.60 50,527,854 23.33
LNG Impulsive 0.924 0.51 0.41 53,494 849 16.13
| Summary | Verifications-ACI350.3 Verifications-EM1998-4 | ®

Fig 207 Location of liquid masses in a Beam-Stick Model
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Tip

A reference path was used to define the varying sections. These can be hidden as

illustrated below.

Utilities vax

Grou...&Am'\... @Anal...Repo Layels

=3 Example_EN1998_Horizontal(IBP).mdl
=3 Utilities (6)
=3 Variation (2)
@ Line (2)
~3 Response Spectra (1)
«* 1:ASCE A-CLASS
=3 Tank Definition (1)

# 1:Tnk1
=2 Reference Path(2)
4Rl
 2:Inne Rename
Delete
= Edit...
Create Geometry
Select
Deselect
I ¥ Visualise

Visualise at Points

Fig 208 Hide reference path in Beam-Stick Model

Geometric Properties

Roof

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

ml
e

X

.

Fig 209 Roof in Beam-Stick Model
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2D Beam-Stick FSSI Seismic Analysis for Horizontal Actions

Varying Section properties are defined as shown below.

| Attributes vax LUSAS View: Example EN1

[Blerou... &yattri.. QAnal.. fPutiiit.. Erepo... Bltayers ([ 00 200
)& Example_EN1998_Horizontal(IBP).mdl ~ 5 . 5
£ -3 Attrbutes (33) e [RED Distance interpretation
S Mesh (7) (O Scaled to fit each line individually
-2 Point (3) - [/] Specify shape interpolation
(=3 Joint between Features (3)
& 3:LNGMass Impulsive h
& 4:LNGMass Convective
& 5:Foundation Rocking
- @line (4)
& 1:Beam -
& 2:8eam_EndJoint(Roof)
& 6:ol
&7:pie
3 Geometric (10)
=-@Line (9) A
& 1:ConnectionPart
& iz;:;shb (css D=93) 3 —>-» X Vertical Centretocentre ey origin Centroid v
414 5:Wall (CHS D=87.9 t=0.75)
) & 6:WallTapered (CHS D=88.
41 7:RingbeamLower (CHS D=88.5 t=1.05)
) & 8:RingbeamUpper (CHS D=88.5 t=1.05/ CH
414 9:Roof (Varying - 19 sections)
) & 10:InnerTank (Varying - 10 sections)
-2 Joint (1)
& 2:JointGeometric
2 Material (13)
£33 Isotropic (8)
& 1:BaseSlab
A2:Wall
& 3:RingbeamLower
& 4:RingbeamUpper
& 5:Roof
: ’ OOO0OOO0000000000ss

None ~ | specfy... ||o o o e

Multiple Varying Section X

60.0

[ symmetric section (® Along reference path Roof v

Section Shape Interpolation Distance ~ Edit...

400
)

[CHS D=85.2t-2.48861979729552 Start 0.0
[CHS D=82.680: 1237865109414 Linear 0507534
[CHS D=80.1605 +=1.96826939751236 Linear 101507 Delete
|CHS D=77.64075 t=1.75893391811352 Linear 15226

[CHS D=75.121 =1.58741863059868 Linear 203014 Fiip
|CHS D=72.60125 t=1.45726738517 Linear 253767 v

Insert

200

mmb‘w‘m‘_

Alignment
Align all sections to section [ 1| =

Horizontal [Centre to centre ez origin ~  Interpolation of properties Use Section Calculato

200

40.0

60.0

Text Output

Fig 210 Geometric Properties for the Roof in a Beam-Stick Model

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

RingBeam Upper

Fig 211 RingBeam Upper in Beam-Stick Model
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Varying Section properties are defined as shown below.

Attributes vax

[Blorou... &y Attri.. QAnal.. £ Utilit.. ERepo.. [Elayers
=3 Example_EN1998_Horizontal(I8P).mdl
= & Attributes (33)
SMesh (7)
< Point (3)
= Joint between Features (3)
& 3:LNGMass Impulsive
& 4:LNGMass Convective
& 5:Foundation Rocking
SuLine (4)
& 1:Beam
& 2:Beam_EndJoint(Roof)
& 6:Soil
&7:Pile
) 23 Geometric (10)
5 SLine (9)
& 1:ConnectionPart

~

& 3:Pile
& 4:BaseSlab (CSS D=93)
& 5:Wall (CHS D=87.9 t=0.75)
- 6:WallTapered (CHS D=88.6 t=1.1/ CHS D=

i & 10:InnerTank (Varying - 10 sections)
< Joint (1)

& 2:JointGeometric

- & Material (13)

& Isotropic (8)

& 1:BaseSlab
&2:Wall
& 3:RingbeamLower

Geometric Line

Analysis category | 2D Inplane
Definition
@® From library / calculator
Rotation about centroid 0 °
Mirrored about axis ~ |None v
(O Enter properties
2D Thick Beam (Any beam)
Alignment
(@) Align end 2 to end 1
(O Align end 1 to end 2

Vertical Centreto centre v 0.0

rizontal  Centre to centre 0.0

Interpolation of

Use Section Calcu

Properties for end 1 of line

User Sections hd
Local v
CHS D=88.5 t=1.05 v

R1

Properties for end 2 of line
User Sections >
Local

CHS D=88.5 t=4.13861979729552

100%

& 4:RingbeamUpper

R4
ey origin Centroid
[ Value Value
|Cross sectional area (A) 288.469 1.09685E3
Second moment of area about z axis (1zZ) 275.798E3 978.116E3
Effective shear area in y direction (Asy) 144234 550.496
Eccenticity in y direction (ey) 00 0.0

& 5:Roof M
>

v Specify...

None

Fig 212 Geometric Properties for RingBeam Upper in a Beam-Stick Model

RingBeam Lower

The elements for RingBeam Lower represent the region shown below.

Fig 213 RingBeam Lower in a Beam-Stick Model

Section properties are defined as shown below, with an outer diameter of (43.2 + 1.05)

* 2 = 88.5m, and a thickness o

f1.05m.
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Attributes v ax
Gvou &Attri... QAna\ %UUM Repo Layers
=3 Example_EN1998_Horizontal(IBP).mdl ~
=3 Attributes (33)
3 Mesh (7)
)& Point (3)
(=3 Joint between Features (3)
& 3:LNGMass Impulsive
& 4:LNGMass Convective
&% 5:Foundation Rocking
=& Line (4)
& 1:Beam
&% 2:Beam_EndJoint(Roof)
& 6:Soil
& 7:Pile
3 Geometric (10)
=3 Line (9)
&% 1:ConnectionPart
& 3:Pile

[+ 4:BaseSlab (CSS D=93)
&% 5:Wall (CHS D=87.9 t=0.75)

gbeamUpper (CHS D=88.5 t=1.05/ CH.
[+-¢% 9:Roof (Varying - 19 sections)
(#-¢% 10:InnerTank (Varying - 10 sections)
& Joint (1)
% 2:JointGeometric
=12 Material (13)
£+ Isotropic (8)
¢ 1:BaseSlab
& 2:Wall
&% 3:RingbeamLower
&% 4:RingbeamUpper
& 5:Roof

Geometric Line

Analysis category | 2D Inplane

Definition
(® From library / calculator
Rotation about centroid 0 ¥ °
Mirrored about axis
O Enter properties

2D Thick Beam (Any beam)

None v

User Sections ¥
Local v
CHS D=88.5 t=1.05 ¥

100%

R1

ey origin Centroid
Value
Cross sectional area (A) 288.469
Second moment of area about z axis (Izz) 275.798E3
Effective shear area in y direction (Asy) 144234
Eccentricity in y direction (ey) 0.0

Fig 214 Geometric Properties for RingBeam Lower in a Beam-Stick Model

< >
None ~ | Specifv...
Wall

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

Section properties are defined as below, with outer diameter of (43.2 + 0.75) * 2 =
87.9m and wall thickness of 0.75m.
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‘Attributes ¥ & X! Geometric Line

Grou.. “Attri_.. QAnal %U(\hl,.v Repo [ELayers
|/ & Example_EN1998_Horizontal(18P).mdl ~
=3 Attributes (33) Analysis category | 2D Inplane
& @ Mesh (7) B
& & Point (3) Befiton :
| 2 Joint between Features (3) (® From library / calculator User Sections ~
& 3:LNGMass Impulsive Rotation about centroid 0 © Local »
% 4:LNGMass Convective S S
& 5:Foundation Rocking Sipocediaboutaxs None v CHS D=87.9 t=0.75 v
Qline (4) O Enter properties
&% 1:Beam p
Usage 2D Thick B Any b
& 2:Beam_EndJoint(Roof) S iclPeami(Anyjbeam) 100%
¢ 6:Soil
& 7:Pile
=123 Geometric (10)
& 2 Line (9)
&% 1:ConnectionPart

&% 3:Pile

+-¢% 5:Wall (CHS D=87.9 t 5)
+-¢% 6:WallTapered (CHS D=88.6 t=1.1/ CHS D=
#-é% 7:RingbeamLower (CHS D=88.5 t=1.05)

+-¢% 8:RingbeamUpper (CHS D=88.5 t=1.05/ CH
¢ 9:Roof (Varying - 19 sections)

& 10:InnerTank (Varying - 10 sections)

=3 Joint (1) an id

&% 2:JointGeometric ey origin Centroi v
& Material (13) o

)3 Isotropic (8) Cross sectional area (A) 205.342

i ;:S:SI?SIBb Second moment of area about z axis (1zz) 194.964E3
Wal = = n 0

& 3:RingbeamLower Eﬁecnvg s.he.ar ar‘ea |n‘ y direction (Asy) 102.671
& 4:RingbeamUpper Eccentricity in y direction (ey) 00

Fig 215 Geometric Properties for Wall in a Beam-Stick Model

Wall Tapered

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

_____ ¥ 8X| Geometrc Line
[Slorou... &yattri.. QAnal.. P Utilit.. ERepo... [Etayers
& Example_EN1998_Horizontal(IBP).mdl ~
= &3 Attributes (33) Analysis category | 2D Inplane
e ’f:r(‘?(z) Definition Properties for end 1 of line Properties for end 2 of line
%2 Joint between Features (3) ® From library / calculator User Sections > User Sections <
& 3:LNGMass Impulsive Rotation about centroid (0~ e = M= »
& 4iLNGMass Convective Mirrored about axis | None
 5:Foundation Rocking X CHS D=88.6 t=1.1 v CHSD=87.9t=0.75 v
SiLine (4) (O Enter properties
& 1:Beam
Usage 2D Thick Beam (Any beam; " "
& 2:Beam_EndJoint(Roof) g (0157 ) 100% 100%
& 6:Soil Alignment
&7:Pie O AL
@ Align end 2 to end 1
) & Geometric (10) QLA dber
 &Line (9) O Align end 1 to end 2
4 L:ConnectionPart Vertical ~ |Centretocentre v 0.0
& 3:pie
¢ 4:BaseSlab (CSS D=93) Horizontal Centre to centre 0.0
& 5:WaMCHS D=87.9 t=0.75)
Interpolation of Use Section Calcu ~
) & 9:Roof (Varying - 19 sections)
# & 10:InnerTank (Varying - 10 sections)
=@ Joint (1) P
& 2:JointGeometric ey origin |Centroid
2 Material (13) [ Value Value
S Isotropic (8) |Cross sectional area (&) 302378 205342
4 L:BaseSlab Second moment of area about z axis (izz) 280.431E3 194.964E3
& 2:Wal Effective shear area in y direction (Asy) 151.189 102.681
& 3:RingbeamLower | = —
& 4:RinabeamUpper | fnjydirection/(sy) 0.0 00

Fig 216 Geometric Properties for Wall Tapered in Beam-Stick Model
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Buttresses

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

Butiress
Murnber of butress 0 A

Buttress Width (m)

Extruded Thickness (m)

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

BaseSlab

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

From calculations the slab is modelled with vertical beam elements, having a circular
section with diameter of 93m (section area of 6,792.91 m?), and total length of 1.2835
m.

Adtributes ¥ 2 X| caometic Line x
[Elarou.. faattri- Ranal.. g utiiit.. Frepo.. [Hayers

= Example_EN1998_Harizontal(1BP).mdl

< Atributes (33) Analysis category | 20 Inplane

{l CMesh (7)
4 Geometric (10) Bz
jk <aLine (3) @® From library / calculator User Sactions -
4 LiConnectionPart Rotation about centroid 0 * © Local .
. s<5lab (C55 D=0 o U 55 D=93 -
I (CHS D=67.5 t=0.75] ) Enter properties

r_.,._ X 1 IMapered (CHS D=80.6 t=1.1] CHS D=
- 4 7:RingbeamLower (CHS D=85.5 t=1,05)

& 8:RingbeamUpper (CHS D=88.5 t=1.05/ CH

&.9:Reof (Varying - 19 sectiens)

& 10:InnerTank (Varying - 10 sactions)

<1 Joint (1)

4 2:JoinGeometric

| S Material (13)

Straight ine 1, lengtl
oints - 1,2

Msh:1:Beam & Isotropic (8)
Gmp:4:BaseSlab [CSS D=93 major 2) A 1:BaseSlab
& 2Wall

Mat:1:BaseSlab
Sup:1:Y Fixed
Thete are 2 items at this position
Press Tab to cycle through them

& 3:RingbeamLower
& 4:RingbeamUpper
&5:Roof
& 6:CornectionPart
& 7:Pile
& 8:InnerTank

2 Jeints (5)
& 9:ReofNonStructuralMass
4 10,LNGMass Impulsive
&% 11:LNGMass Convective
& 12:Foundatien Rocking
& 13;50iSpring

2D Thick Beam (Any beam)

ey origin Centroid

100%
R
/'/4- 7\
s ¥ N
-
: 5

,/

s L

R

Cross sectional area (A)

Second moment of area about z axis (1z2)

Effective shear area in y direcion [Asy)

Eccentnciy in y directon (ey)

Maluo,
6.75291E3

5 B0348E3
0o

Fig 217 Section Properties for Base Slab in a Beam-Stick Model
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Pile

Attributes vax

Grou...&Ann_._ QAna\... %Utm(... Repo...Layers

-3 Example_EN1998_Horizontal(18P).mdl ~
£ 3 Attributes (33)
-0 Mesh (7)
-2 Geometric (10)
= & Line (9)
&% 1:ConnectionPart
L & 3:Pile |
& 4:BaseSlab (CSS D=93)
5 5:Wall (CHS D=87.9 t=0.75)
#1-¢% 6:WallTapered (CHS D=88.6 t=1.1/ CHS D=
5-& 7:RingbeamLower (CHS D=88.5 t=1.05)
- 8:RingbeamUpper (CHS D=88.5 t=1.05/ CH
i-¢% 9:Roof (Varying - 19 sections)

Y
z
ey origin Centroid v

Value
Cross sectional area (A) 617.23
Second moment of area about z axis (lzz) 297.064E3
Effective shear area in y direction (Asy) 540.14
Eccentricity in y direction (ey) 0.0

(-¢% 10:InnerTank (Varying - 10 sections)

Fig 218 Section Properties for Pile in a Beam-Stick Model

Inner Tank

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

Attributes ¥ ®X | 7 LUSAS View: Example Multiple Varying Section

[Blorou.. Syattri.. QAnal.. P utilit.. ERepo... [BLayers B 0.0

3 Example_EN1998_Horizontal(18P).mdl

Distance interpretation

2 Atributes (33) 2 Analysis category | 2D Inplane
4 2aMesh (7) 8 . O Scaled to fit each line individually
& Geometric (10) [ Specify shape interpolation
Sitine (9) * [ symmetrc section O =
& 1:ConnectionPart
& 3:Pile H -
4 & 4:BaseSlab (CSS D=93) 2 Shape Interpolation Distance S e
4 & 5:Wall (CHS D=87.9 t=0.75) N i Sart 00 .
) & 6:WallTapered (CHS D=88.6 t=1.1/ CHS D=87., i Linaar 308 [T
4 & 7:RingbeamLower (CHS D=88.5 t=1.05) e et S Detete
- 8:RingbeamUpper (CHS D=88.5 t=1.05/ CHS D Ell
& 9:Roof (Varying - 19 sections) | Linear 3008
[ % 10:InnerTank (Varying - 10 sections) ] g [5_|CHS D=84.22: Linear 3008 Fiip
EE=pC0 63} \ 6 |CHs D=s4.22 Linear 3394 v
& 2:JointGeometric Alignment
:‘ ?:::L(plé )(s) Vertical Centretocentre | ey origin (Centroid Aignistbecincioocog)) 1 [
 L:BaseSlab . Jrizontal Centre to centre ez origin Interpolation of properties Use Section Calculato -
& 2:Wal 3 X

& 3:RingbeamLower
& 4:RingbeamUpper
& 5:Roof
& 6:ConnectionPart
&7:pie
& 8:InnerTank
& & Joints (5)
& 9:RoofNonStructuralMass
& 10:LNGMass Impulsive
& 11:LNGMass Convective
& 12:Foundation Rocking
& 13:SoilSpring
S Supports (3)
ALY Fixed
& 2:Fully Fixed
& 3:X Free for Liquid

200

-40.0

60.0

< >

None ~ | Specify...

100

QOO0

QO

1010

Fig 219 Section Properties for ‘Inner Tank’ in a Beam-Stick Model

The inner tank is modelled at X=1.1 (not in the centre, but at a distance equal to the
thickness of the wall insulation), hence an eccentricity in the y direction (ey) of -1.1
was used in the geometric property definition. The properties for the bottom of the

inner tank are as shown below.
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Analysis category 2D Inplane

Distance interpretation

(O Scaled to
Specify shape interpolation

(®) Along refel
[ symmetric section £

Section ‘ Shape Interpolation
1 [CHS D=84.2722t=0.0361 Start
p 3 CHS D=84.2722 t=0.0361 oo
3 [CHS D=84.27221t=0.0361 inear
4 |CHS D=84.2722t=0.0361 Linear
5 |CHS D=84.224t=0.012 Linear
[6 |CHS D=84.224 t=0.012 Linear >
Alignment
Vertical Centre to centre ¥ ey origin Centroid v Hlign all sef
Centre to centre ez origin 7 Interpolati

Enter Section - Row 2

Definition
O From Library

about axis None

(®) Enter Properties

User Sections
Local

Error: Not found

100%

QOO

Name | InnerTank

Close C:

Eccentricity in y direction (ey)

Visualise...

Value
Cross sectional area (A) 9.55334
Second moment of area about z axis (1zz) 8.47348E3
Efiective shear area in y direction (Asy) 4.77667

Section details...

0K Cancel Help

Fig 220 Section Properties for Inner Tank in a Beam-Stick Model

Material Properties

Roof

The Input data was used for elastic modulus, Poisson’s ratio, and mass density.

Rayleigh damping constants are computed and assigned as below.
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Attributes

[Slerou... &y ttri.. QAnal.. £ utilit.. ERepo.

=3 Example_EN1998_Horizontal(IBP).mdl
(563 Attributes (33)

(-1 Mesh (7)

21 Geometric (10)

=3 Material (13)

-3 Isotropic (8)

& 1:BaseSlab
<& 2:Wall
& 3:RingbeamLower

& 7:Pile
& 8:InnerTank
=3 Joints (5)
& 9:RoofNonStructuralMass
& 10:LNGMass Impulsive
NGMass Convective
& 12:Foundation Rocking
& 13:SoilSpring
(-3 Supports (3)
& 1:Y Fixed
& 2:Fully Fixed
& 3:X Free for Liquid

Isotropic

[] Plastic
Elastic

Dynamic properties

[[J Thermal expansion

[Jcreep [] Damage

[ shrinkage

[Viscous

[JTwo phase  []Ko Initialisation

Name | Roof

Value
Young's modulus 35,069
Poisson's ratio 02
Mass density 25E3
Mass Rayleigh damping constant 051092
Stiiness Rayleigh damping constant 1.9032E-3

MI<=0)
Cancel Apply Help

Fig 221 Material Properties for Roof in Beam-Stick Model

The wizard adds a joint element to the end of the line modelling the top of the roof, as
shown below. The amount of additional mass is as per user input. (see [Fig 269].)

Attributes

vax

[Blorou... &y Attri.. QAnal.. o Utilit.. ERepo... [BLayers

= @ Example_EN1998_Horizontal(IBP).mdl
= @ Attributes (33)
& @Mesh (7)
) Geometric (10)
= Material (13)
& Isotropic (8)
& 1:BaseSlab
& 2:Wall
& 3:RingbeamLower
& 4:RingbeamUpper
& 5:Roof
& 6:ConnectionPart
& 7:Pile
& 8:InnerTank
5

NGMass mpakve
& 11:LNGMass Convective
& 12:Foundation Rocking
& 13:SailSpring
=3 Supports (3)
& 1:Y Fixed
&% 2:Fully Fixed
& 3:X Free for Liquid

None

Specify...

LUSAS View: Exampl

0.0

General Properties

50.0

40.0

30.0

20.0

10.0

o
o

=]

=

Fig 222 Non-structural mass on the Roof in a Beam-Stick Model

Assignment to Points and line ends
Joint type Joint for beams

Mass position | Between nodes

Properties specified for each freedom

Analysis category | 2D Inplane

[[J Thermal expansion

Damping
(®Rayleigh O Viscous coefficient

F u THz
Elastic spring stfiness 1.0E15 1.0E15
Mass 0.0 00
Mass Rayleigh damping constant 00 0.0
Stffness Rayleigh damping constant| 00 0.0
Name | RoofNonStructuralMass v )
Close Cancel Apply Help
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RingBeam Upper / RingBeam Lower

The Input data was used for elastic modulus, Poisson’s ratio.

Attributes vax

[Slerou... ¢ Attri.. (QAnal.. o utilit.. ElRepo.. [ElLayers
|| =& Example_EN1998_Horizontal(18P).mdl
- Attributes (33)
-1 Mesh (7)
-2 Geometric (10)
=& Material (13)
S Isotropic (8)
& 1:BaseSlab
& 2:Wall
gbeamUpper
& 5:Roof
& 6:ConnectionPart
| & 7:Pile
& 8:InnerTank

Isotropic

[JPlastic
Elastic

[Jcreep

Dynamic properties

[ Thermal expansion

[JDamage  [JShrinkage [ Viscous

[JTwo phase  []Ko Initialisation

Value
Young's modulus 35.0E9
Poisson's ratio 02
Mass density 2.5E3
Mass Rayleigh damping constant 025546
Stifness Rayleigh damping constant 0.951599E-3

Fig 223 Material Properties for Ringbeam in a Beam-Stick Model

Wall

The Input data was used for elastic modulus and Poisson’s ratio. The Rayleigh
damping constants are computed as below.

Attributes

[Slerou.. &yattri.. QAnal.. L utilit.. ERepo.. [ElLayers

|| & = Example_EN1998_Horizontal(18P).mdl
=2 Attributes (33)
-1 Mesh (7)
01 Geometric (10)
S Material (13)
& Isotropic (8)
& 1:BaseSlab
% 3:RingbeamLower
& 4:RingbeamUpper
& 5:Roof
& 6:ConnectionPart
&7:Pile
& 8:InnerTank

va x—| Isotropic

[ Plastic [creep
Elastic
Dynamic properties

[[] Thermal expansion

[JDamage  [IShrinkage  []Viscous

[JTwo phase  [IKo Initialisation

alue
Young's modulus 35.0E9
Poisson's ratio 0.2
Mass density 2.59033E3
Mass Rayleigh damping constant 0.25546
Stifness Rayleigh damping constant 0.951599E-3

Fig 224 Material Properties for “Wall’ in a Beam-Stick Model

Base slab

The Input data was used for elastic modulus and Poisson’s ratio. Rayleigh damping
constants need to be calculated.

Attributes

[Blerou... &yAttri.. QAnal.. o utilit.. [ElRepo... [ElLayers
|5 & Example_EN1998_Horizontal(18P).mdl
S Attributes (33)
i C1Mesh (7)
) 1 Geometric (10)
& Material (13)

& 3:RingbeamLower
& 4:RingbeamUpper
& 5:Roof

& 6:ConnectionPart
& 7:Pile

& 8:InnerTank

va x] Isotropic

[ Plastic [creep
Elastic
Dynamic properties

[[J Thermal expansion

[Jpamage  [JShrinkage [ ]Viscous

[JTwo phase  []Ko Initialisation

Value
Young's modulus 35.0E9
Poisson's ratio 0.2
Mass density 2.85876E3
Mass Rayleigh damping constant 051092
Stifness Rayleigh damping constan 1.9032E-3

Fig 225 Material Properties for BaseSlab in Beam-Stick Model

180



2D Beam-Stick FSSI Seismic Analysis for Horizontal Actions

Pile & Soil

The Input data was used for elastic modulus, Poisson’s ratio, and mass density.
Damping constants are computed and added.

Tank Definition X
Tank type Target models to build
Material : Concrete - 2D axisymmetric coupled thermal/structural
. s 5 []2D beam-stick seismic 3D shell structural

Tank Definition Load | Prestress | Insulations | Support (3D)| Seismic| Ground |
Base Slab and Roof Wall and Ring beam Materials Support (2D)

. . — ” Thermal
Material ID E(\Eavsih,\::/::};iulus :’Vo)lsson 's ratio ?ﬁ;/s:‘;]ienslty ﬁ'/fCE”(a\pha, [cj/r"::%‘]my B?:‘lj/cgracny Description
Concrete (Base) 35.0E9 02 2.5E3 10.0E-6 20 2.257E6 BaseSlab
Concrete (Wall) 35.0E9 02 25E3 10.0E-6 20 2.257E6 Wall
Concrete (Ringbeam) 35.0E9 02 25E3 10.0E-6 20 2.257E6 RingBeam
Concrete (Roof) 35.0E9 02 2.5E3 10.0E-6 20 2.257E6 Roof
Pile (Cir) 35.0E9 02 25E3 10.0E-6 0.0 0.0 Pile (Cir)
Pile (Cross) 35.0E9 02 25E3 10.0E-6 0.0 0.0 Pile (Cross)

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

Setzero Set defaults

Name | Tnk2 ~ 5] (new)

oK Cancel Apply Help
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Isotropic

[ Plastic []Creep [ ] Damage
Elastic

Dynamic properties

[_]Thermal expansion

[]Shrinkage [ Viscous

[]Two phase  [JKo Initialisation

Name‘ Pile

Value
Young's modulus 35.0E9
Poisson's ratio 0.2
Mass density 2.5E3
Mass Rayleigh damping constant 0.51092
Stifiness Rayleigh damping constant| 1.9032E-3
Y=o
Close Cancel Apply Help

Fig 226 Material Properties for ‘Pile’ in a Beam-Stick Model
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General Properties

Analysis category | 2D Inplane

[ ¢ylindrical

Assignment to  Lines

Joint type Joint no rotaticnal stiffness

Mass position At first node

[[] Thermal expansion

e Damping
(ORayleigh (@) Viscous coefficient

Properties specified for each freedom
u v ]
Elastic spring stiffness Soil_kh 0.0
Mass 0.0 0.0
Viscosity coefficient | Viscous_coefficient 0.0

Name | SoilSpring

v 13)

Close

Cancel Apply Help
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Line Profile Variation X Line Profile Variation X
Distance [ Value ~ Distance | Value ~
1 0 14.92E9 | i 20.7517E6
2 1.999 14.92E9 2| 1.999 20.7517E6
3 2 25.769E9 3 2 27.212E6
[+ ] 3999 25.769E9 ] 3.999 27.272E6
5] 4 22.39E9 5| 4 25.4212E6
6] 5.999 22.39E9 6 | 5.999 25.4212E6
7] 6 21.549E9 7| 6 24.9392E6
B 7.999 21.549E9 B | 7.999 24.9392E6
o] 8 2362269 o | 8 26.1112E6
[10] 9.999 23.622E9 o | 9.999 26.1112E6
[i1] 10 32373E9 i 10 30.5675E6
[iz] 11999 3237369 v 2| 11.999 30.5675E6 v
[<] > <] >
Name | Soil kh =16} Name | Viscous_coefficient V1@
Close Cancel Apply Help Cancel Apply Help

Fig 227 Material Properties for Soil Boundary in a Beam-Stick Model

Impulsive liquid mass & Stiffness

Following the code-based computation as summarized in the spreadsheet, the impulsive
liquid mass and stiffness are applied to the model.

IBP (Including Base Pressure)

Lever arm
_ EE .
Component height
me(mi), Kg heihi), m
LNG Convective 0924 049 084 50,527,854 3277
LNG Impulsive 0.924 0.51 0.79 53,404 849 30.88

omponent

3) Stiffness for Impulsive Mass

H/R 0.92447 LNG height divided by inner tank radius
m 480.0000 kg/m* mass density of LNG
Es 2.00E+11 N/m? modulus of elasticity of inner tank material
s 0.0348 m equivalent uniform thickness of inner tank wall
o} 631359 coefficients for determining the fundamental frequency
Timp 043182 5 fundamental pericd of oscillation of the tank (plus the in
ki 11,325,839,357 N/m
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Attributes vax LUSAS View: Example_ E| Genera) properties X
[Slerou.. dAttri.. RAnal.. 2 Utilit.. ElRepo...[Elayers |[X 0.0
= 3 Example_EN1998_Horizontal(18P).mdl -
= 2 Attributes (33) T Analysis category | 2D Inplane S
' Mesh (7) [ cylindrical
21 Geometric (10) Assignment to  Points and line ends [ipeqvellepansion
& Material (13) °
& @ Isotropic (8) 8 Joint type Joint no rotational stiffness v Damping
& 1:BaseSlab )
&2:Wall ° Mass position At first node v @ Rayleigh O Viscous coefficient
& 3:RingbeamLower °
& 4:RingbeamUpper Ps
5:Roof ° : .
> Properti fied for each freed
& 6:ConnectionPart ° perties spechied Tor eac o
A7l _ _ u [ v ]
A8 InnerTank Elastic spring stifness T1.3258E0 00 |
& Joints (5) Mass i 53.4948E6 00
4 9:RoofNonStructuralMass 2 Mass Rayleigh damping constant 038319 00
e ] Stfiness Rayleigh damping constanq _1.4274E-3 00
59
B ConvevE 2
& indation Rocking ®
& 13:S0ilSpring
-3 Supports (3)
& 1Y Fixed
& 2:Fully Fixed
& 3:X Free for Liquid °
S
<
=
°
A4 Name | LNGMass Impulsive v (0
o I Close Cancel Apply Help
®

Fig 228 Material Propei'ties for Impulsive liquid mass in Beam-Stick Model

Convective liquid mass & Stiffness

Following the code-based computation as summarized in the spreadsheet, the impulsive
liquid mass and stiffness are applied to the model.

IBF (Including Base Pressure)

O one = 1|
o
LNG Convective 0924 0.49 0.4 50,527,854 3277
LNG Impulsive 0.924 0.51 079 53,494,849 30.88

2) Convective stiffness for Liquid

Compenent Value Unit ETETS
H/R 0.924 Liquid height divided by inner tank radius
Ce 1.54 s/m"7? coefficients for determining the fundamentalfrequency
Teony 9.993 H natural period of the first (convective) mode of sloshing
ke | 19974995 | N/m
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Attributes vax

[Blcrou.. dAttri.. RAnal.. o Utilit.. ElRepo..
3 Example_EN1998_Horizontal(IBP).mdl
| 2 Attributes (33)
i Q1 Mesh (7)
4 22 Geometric (10)
= = Material (13)
= Isotropic (8)
& 1:BaseSlab
& 2:Wal
& 3:RingbeamLower
& 4:RingbeamUpper
& 5:Roof
& 6:ConnectionPart
& 7:Pile
& 8:InnerTank
& Joints (5)
& 9:RoofNonStructuralMass
0

& 13:SoilSpring
= & Supports (3)
&1 Fixed
& 2:Fully Fixed
& 3:X Free for Liquid

Fig 229 Material Properﬁes fo

Inner Tank

LUSAS View: Example_EN199{ General Properties
N 0.0 10.0
Analysis category | 2D Inplane Ceylindrical
Assignment to Points and line ends. [ Ihermalexpansion
o
3 Joint type Joint no rotational stiffness v Damping
Mass position At first node - (ORayleigh @) Viscous coefficient
2 ° Properties specified for each freedom
¥ [ u | v I
|Elastic spring stfiness|  19.975E6 0.0
Mass 50.5279E6 0.0
e Viscosity coefficient 317.694E3 0.0
° 59
=
3
3 A
&
°
s
v Name [ LNGMass Convective V|=an
A
| l
Lo ¥ Close Cancel Apply Help

r Convective Liquid Mass in a Beam-Stick Model

The Input data is used for elastic modulus and Poisson’s ratio. The Rayleigh damping
constants are computed as follows:

Attributes vax

[Blorou.. &attri.. QAnal.. P utilit.. [ERepo... [Layers |

LUSAS View: Example_E |q¢/o5ic

0.0

=23 Example_EN1998_Horizontal(I8P).mdl
&2 Attributes (33)
) CMesh (7)
101 Geometric (10)
=& Material (13)
‘ &3 Isotropic (8)
& 1:BaseSlab
‘ &2:Wall
& 3iRingbeamLower
& 4:RingbeamUpper
& 5:Roof
& 6:ConnectionPart

50.0

400

& 9:RoofNonStructuralMass
& 10:LNGMass Impulsive
& 11:LNGMass Convective
& 12:Foundation Rocking
& 13:SoilSpring
=& Supports (3)
& 1Y Fixed
| & 2:Fully Fixed
& 3:X Free for Liquid

300

200

10.0

None V| [Specifym

.

R

%

—>» X

5

[ Plastic [creep [ pamage [Ishrinkage [ Viscous [JTwo phase [ Ko Initialisation
Elastic

[“] Dynamic properties Value
Young's modulus 20E15
[Poisson’s ratio 03
Mass densiy 8.86327E3
Mass Rayleigh damping constant 0.25546
Stfmess Rayleigh damping constan 0.951599E-3

1 Thermal expansion

Name | InnerTank M=1C)

Close Cancel Apply Help

Fig 230 Material Properties for Inner Tank in a Beam-Stick Model
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Viewing Results

Mode Shapes

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

layer to the Layers treeview.

LUSAS View: Example EN1998 Ha Analyses vax LUSAS View: Example_EN1998_Hor

[analyses
[Slcrou.. $eattri.. (Ranal.. utilt.. FRepo. W& 200 00 200 ou.. dpAtti.. Qanal.. P utilit.. Erepo. Fiayers R 200 00 200
5 Bxample EN1898 Horizonta/(187) mdl h xample_ EN1998_Horizontal(18°).md <l
& Structural anl = Structural analyses i .
= Analysis 1 = Analysis 1
& Geometric 2 b @ Geometric A
+ 3 Materal 3| . + 2 Materil i
@1:Loadcase 1 @ 1:Loadcase 1 o 5
- SSupports A Cisupports E
® Eigenvalue H « Eigenvalue
s 5 4 Example_EN1993_Horizontal_IBP_~Analysis =
s * 1:Mode 1 Frequency = 0.100051
Set Active — fode 2 Frequency = 2.07363 o
Close Results File fode 3 Frequency = 4.08663 5 a
& propertes. fode 4 Frequency = 10.8867
1:Mode 5 Frequency B = 1:Mode 5 Frequency = 13.7901
* L:Mode 6 Frequency 8 NS = 1:Mode 6 Frequency = 19.9395
* $iMode 7 Frequency | = LiMode 7 Frequency = 22.3862
= 1iMode 8 Frequency = 27.3651 s e X
S > X
E
Ml |
3
- 1Moo 76 Freuency = 115,447 vl v
< > I3 < >
| Analyses vax LUSAS View: Example_EN1998_Horizon Analyses LUSAS View: Example EN1998 Horizonts
[Borou. deati. Qanl.. utiit. Erepo. Floyers [ 2 50 T [Berou. deati.. Qanal.. Futiit.. Hrepo ] 250 50 700
= Example_EN1998_Horizontal(187).mdl ~lls ¥ Example_EN1998_ Horizontal(189).mell ~lle
= Structural anlyses 8 5 z i Structural analyses. 8 - &
= Analysis 1 i = Analysis 1
 Geometric A 5 Geometric s
3 Materal i 2 Material
Sl i 1 s i i
isupports E & 3 Supports H
® Eigenvalue  Eigenvalue .
4 Example_EN1998_Horizontal_189_~Anslysis Lt 5 Example_EN1998_Horizontal_IBP_~Analysis - 3
o Mode 1 Frequency = 0.100051
N < LiMode 2 Fraquency = 207363 o
S A = 1:Mode 3 Frequency = 4.08668 2 A
Ml + 1:Mode 4 Frequency = 10.8867
| L:Mode 5 Frequency = 13.7901
| 1iMode 6 Frequency = 19.9395
= 1:Mode 7 Frequency = 22.3862
& - X = 1:Mode 8 Frequency = 27.3651 s X
1:Mode 9 Frequency = 29.7295
1:Mode 12 Frequency
1:Mode 13 Frequency = o
1:Mode 14 Frequency § S
1:Mode 15 Frequency = 59.9792
1:Mode 16 Frequency = 61,1449
1iMode 17 Frequency = 71.1321
LiMode 18 Frequency = 77 o o
1:Mode 19 Frequency S 3
1:Mode 20 Frequency
1:Mode 21 Frequency
1:Mode 22 Frequency
1:Mode 23 Frequency o
1:Mode 24 Frequency 2 =
1:Mode 25 Frequency = 114.858 N 3
1-Mode 2 Franiency = 115,447 v v
< > < >

Fig 231 Mode Shapes from Eigenvalue Analysis with a Beam-Stick Model

Natural Frequencies

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

Looking at the mode shape and the mass participation factor, the 15 mode is for
convective liquid mass, and the subsequent modes are mixed modes. From this it
would be reasonable to use the 2" and 3™ frequencies as the frequency range for
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computing damping constants. (e.g. f1=1.25, f2=5.44 for the 1* and 2" frequencies in
the Seismic Analysis Wizard dialog.)

wsas Enisse, . jon factors X
2808ma3

s tpe ~ T Modes] Mass P X | Mass PFY | Mass PP Z | Wasa PFTHX | MasaPETHY | Mass PETHZ | Froqueney | Pod |

Camannen: ®tigmran i1 0184371 17.2536E-21 00 00 00 536568E-9 0100051 999495

= 2| 2 | oz | 3277E4s | 00 00 00 oote048s | 207363 | 0482248

3| s oomstes 2sssaets oo 00 00 otete2  40s6s 0244858

Loedmus N ERosl - 4 4 358657E-3 0.315043E-15 00 00 00 0681718 108867  0.0918548

s (o] 5 s otesest tmisets o0 00 00 ootz 137501 0072stss

Rt ks & | o | otmsre lsteesEds 00 00 00 o0s24s85 | 19935 00801518

s e 7] 7 ooaretss ososaszens 00 00 00 1SWI4ES | 223062 004BT0

G s o L 5| s | ootenss | 7esetEts 00 00 00 | 7s0meEs | 27351 0035428

5 s orsas otssaseeds 00 00 00 ootreTsr 207285 003337

[770] 101 0413503E:3| 7.74788E45 | 00 00 00 | 24327E6 | 372083 00268195

T 1 o4tersEs 717Eds 00 00 00 27asTiEs  41esT 00240056

[72] 12 [ossorores|asraares| oo 00 00 | sasosass | 487114 00214081

T3] 13 06002953 038TOTSE12 00 00 00 4sswees  4s087s 00203716

14| 18 oteo727ES/0%ETTER 00 00 00 | 083039E3 | 554773 00160254

76| 15 ssz0sees o2esiTER 00 00 0o osssmice sssre ooteers

[76 16 | sa74eE8 | 22967615 | 00 00 00 010852563 | 611440 00163546

7] 17 otaotises 117E2 00 00 00 zrasatee 711321 00140584

S Dpres (o5 [78] 18| 78:1365E9 05s6204E42 00 00 00 257assEs | 770164 (001982

Do e . ] 16 aronzies oisiteeis 00 00 o0 3ss2Es 84324 00118508

Abisgiar won WE e 20 | 20 08558889E6 117431E45 00 00 00 20734366 | 87.2066 | 0011467

S et Dt 18 37| 21 tesrssee t7sseEi2 00 00 00 osmores  so22s  ootiosad

[ 22 | neies 1wtz o0 00 00 | 7ewaeEs | ss0027 | 0010838

5| 23 dsasiseo 0rsisTIE12 00 00 00 iouszes  sezes  oot0irer

s = L2 et [26] 24 losorstscs] 1somEt2 00 00 00 | 77ssEs | o87s2 sisteies

3| 25 sises 2smEiz 00 00 00 S7e7Es  frasss 870837E3

2 | 25 2185080 | 119262672 ] 00 00 00 | 0iNIOIES | 1Sz BsE2IED

| [2] 27 ormestaes 2ommsetz oo 00 00 orises  1aest 7802003

[2] 28 | 11sesses 234t2sE12) 00 00 00 | ssosesEs | 13134 7SG6RED

20| 20 sasiiee 14002 00 00 00 TossTiEs 13151 7102563

o ap] X b 30 30 35233569 9.13505E-12 00 00 00 153268 144489  6.92097E-3

Fig 232 Natural Frequenéies from Eigenvalue Analysis

Diagram

The Layers panel in the LUSAS Modeller user interface controls what is displayed

in the View window.

e Add the Diagrams layer and choose Force/Moment — Thick 2D Beam for
Entity, Fy for Component, then the Shear Force Diagram is displayed.

Layers v 3 X | LUSAS View: Example_EN1998_Horizontal(IBP).mdl Window 1 X
Grou.. @At QAnal.. L Utilit.. ERepo.. [FLayers [N 200 00 200 400 60.0 80.0 100.0 120.0
Example_EN1998_Horizontal(18P).md! B
= O Example_EN1998_Horizontal(IBP).mdl Window 1 |3
# Geometry
# Mesh
# Deformed mesh
6 Attributes Properties X
£ Utiities
| & Diagrams : Fy (Force/Moment - Thick 2D Beam) Diagram Plot Diagram Display Scale
| # View properties
|
{ Entity Force/Moment v
o
I Component |Fy v
Location  |Internal points v
{ °
S
°
S —
| & ——
—— Close Cancel Apply Help
I
: =
< > >
Deformations... | | x 54.1562E3 % £7120

Fig 233 Shear Force Diagram from a Beam-Stick Model

The results combined with the given response spectrum is displayed by ‘Setting
Active’ the Post Processing loadcases as shown below.
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AX . LUSAS View: Example EN1998 Horizontal(IBP)mdI Winda  Analyses S8X  LUSAS View: Example EN1998 Horizontal(BP).mdl V
i Qanal.. P Uil Brepo_ Blayers |3
EN1598_Horiontal(189).
ra anshyes

50 200

s
3.682E6

= Analysis 1

{

: z S
‘ % Model properties Print Modal Forces S Modl properties ¥ set Active
it il s
.
an
® Copy
@ pame s
e
Rarame
e Raname
 oue

)

“00
00

A 9,423 &

Fig 234 Shear Forée Diagram for CQC & SRSS from a Beam-Stick Model

Damping applied to each mode

Because Include modal damping is checked in the Eigenvalue control, the modal
damping factors computed for each mode are printed in the output file.

Analyses | r X LICAC \imuan . la CAI1000 Linui: MDD s dl Wi 4 ¥

[Slerou.. doAttri.. (QAnal.. of Fioenvalue

=-a ExampIe_EN1998_HorizonbaIi

=3 Structural analyses Solution  Frequency e _ Value
_ . Number of eigenvalues 30
% Anehyts L Shiftto b lied 0.0
: e applie .
B-® Georngtrlc Include modal damping Set damping...
- Material \ Modal D ]
5@ 1: — odal Damping
{.Loadcase ! Eigenvalues required Minimum v
+-3 Supports
m‘ Eigenvalue Range specified as
&= Example_EN1998 S ) (® Viscous O Structural
&3 Post processing Frequency Eigenvalue
 2:Response Spectru Use distributed damping ~ All modes v

( 3:Response Spect  Eigenvector normalisation

® Model properties O Unity ® Mass O stiffness Modes using distributed
DE!qenvaIue 1 A~
[ Convert assigned loading to mass OEigenvalue 2

OEigenvalue 3
OEigenvalue 4
OEigenvalue 5
OEigenvalue 6
— CEigenvalue 7
OEigenvalue 8
OEigenvalue 9

o OEigenvalue 10
o OEigenvalue 11 v
o OEinnnalin 19
Damping ratio for modes not using distributed
0.05
o
9; OK Cancel Help

Fig 235 Eigenvalue Control for a Beam-Stick Model

The output file will have a file extension of ‘*.out’ and can be found in this location:
<Current working folder> \ Associated Modal Data \
Example EN1998_ HorizontalBeamStick(IBP)
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« Projects » Associated Model Data » example_EN1998_Horizontall

MODAL DAMPING FACTORS

MODE  EIGENVALUE FREQUENCY  VISCOUS DAMPING

Backups 1 0395184

. 169.755
Sessions 3 659307
@ Example_EN1998_HorizontalBeamStick_IBP_~Analysis 1.dat 4 467903
@ Example_EN1998_HorizontalBeamStick_IBP_~Analysis 1.log -z :ggg:‘;
Example_EN1998_HorizontalBeamStick_IBP_~Analysis 1.mys 7 197843

| Example_EN1998_HorizontalBeamStick_IBP_~Analysis 1.out | 8 295634

9 348926

Shortcut to Example_EN1998_HorizontalBeamStick(IBP) 10 548855

0.100051 0.499755E-02
207363 0.240787E-01
4.08668 0.238845E-01
10.8867 0.437176E-01
13.7901 0.556754E-01
19.9395 0.862933E-01
22.3862 0.873847E-01
27.3651 0.112492

29.7295 0.106041
37.2863 0.150798

Fig 236 Modal damping factors from Beam-Stick Model

Design Response Spectrum

By default, the Wizard uses the response spectrum based on ASCE7-10 (2010).

Utilities ¥ & X |Response Spectrum - Design Code
la.. @ An. @ Re.. @ Gr. & ut.. & At.

= Example2_EN1998_HorizontalBeamStick(4)
=143 Utilities (4) Design code ASCE-7-10 (2010)

< 1:ASCE A-CLASS Curve definition

= 3 Incremerttal period s
«* 1:Dest
(=23 Reference Path(2) Spectra definition
# 1:Roof
5 2 nnerTank (® Code defined (O User defined
Parameters
Site class A ~

Mapped spectral acceleration at

short periods (Ss)

Spectral data

Site coefficient (Fa) 0.8
Short period response 0.133333 ‘

acceleration parameter (Sds)
Period (T0) [0.08 ] s

v Show graph

Maximum period 6.0 s

Scale factor 1.0

Long transition period (TL) 4.0 s
Mapped spectral acceleration at [0, 1

one second period (S1)

Site coefficient (Fv) 0.8
One second period response 0.0533333

acceleration parameter (Sd1)
Period (TS) 0.4

Name |ASCE A-CLASS

MI=10)

] s

Help

Fig 237 Design Response Spectrum used in Beam-Stick Model by default
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2D Beam-Stick FSSI Seismic Analysis for Horizontal Actions

Design spectrums can be defined by selecting the menu item Utilities> Response
Spectrum...

Response Spectra X | [Response Spectrum - User defined %
= O Frequency O Displacement Spedral amve [0 oq
® Response Spectrum - User defined @ peiod sy damping

(O Response Spectrum - Design Code @® Acceleration

O Acceleratonfaraviy

Poriod
o a61
2o o1
3 o1
36 061
5
5
< 005
g oo
2 o0
£ o
o0t
o
7Y S A
12762 08 1s 78 35 4s £ se
pero
Responsespecrum
Name. ~ ]2 new)

ack | | Next> Cancel P Help

<ok | [0t Gncel || nooy | e

Fig 238 User-defined Response Spectrum

This can be used for post-processing by changing the IMD loadcase attribute as
illustrated below.

]
File Edit View Geometry Attributes Analyses Utilities Tools EBridge Design LNGTank Window Help

DEd & = BBx D->- & 0-/-[-8- b AT L b &®-F k-
Analyses v qx

Etayers [Elcroups &attrib... (2 Analy... . Utiliti... (Z Repo...

Xe X5 ke

S

LUSAS View: Example_EN1998_HorizontalBeamstick(IBP).mdi Window 1 3 |

R[50 [ 50 10.0 150 20.0 250 30.0 350
/53 Example_EN1998_HorizontalBeamstick(15P).mel
(4 Structural analyses
B2 Analysis 1
{1 ceometric o
(1] Material ka3
Loadcase 1
(L3 supports
Egenvalue
xample_EN1998_HorizontalBeamstick_1P_~anall | o Exditation | Support Motion i

E

(E) 2:Response Spectrum CQC Results Spectral ~| | Set

(D) 3:Response Spectrum SRSS

o promertes Damping Modes
N Spectral Response X
™ Type LUSAS values ~ Use all mades
\ Type of spectral response SRSS combination
R i Damping variation correction
Set damping, Select modes e Eurocode ~
¥ 1:ASCE A-CLASS
Name [Response Spectrum SRSS < EHa caen..
T
=
E
Clase Cancel Apply Help

Fig 239 Change of Response Spectrum for Post-Processing
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2D Beam-Stick FSSI Seismic Analysis for Vertical Actions

User Inputs

The required user inputs are the same with those for Horizontal Actions.

Seismic Analysis Wizard

The user dialog is obtained by selecting the menu item LNG Tank> Create 2D
Model>Seismic...

e Enter the model filename and select a Design Code of EN1998-4, and a model
type of Beam-Stick Vertical.

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

The 1% mode frequency for the roof can be obtained from a separate eigenvalue
analysis. This is used for computing the stiffness of roof joint element.

LNG Tank - Seismic Analysis X
Tank definition data Tnk1 ~
Model filename |Example_Vertical
Saved model file path ‘C:\l USA:! \Proj ple_Vertical_EN1998_Vertical.mdl
Analysis type
Design code EN 1998-4 v

O Beam-stick horizontal

(Including base pressure) © Beam-stick vertical

O Beam-stick horizontal
(Excluding base pressure)

(Beam-Stick Horizontal model and Vertical model is created according to
EN1998-4:2006 A3.2.2 Simplified procedure for fixed base cylindrical tanks)

Critical damping / frequency

Citical damping (%) Frequency (1stmode, Hz)
Roof 5.0 | 59
Pile / Foundation  [5.0 ]
LNG flexible o ]

Buttress

Number of buttress 0 2

1.0 (m) Buttress width 5.0 (m)

Extruded thickness

Fig 240 User Dialog for Seismic Analysis Wizard (for Vertical Actions)
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2D Beam-Stick FSSI Seismic Analysis for Vertical Actions

Mesh
Modelling details are discussed at 2D Beam-Stick FSSI Seismic Analysis.

The properties used for this beam-stick model are summarized in the spreadsheet
named Example_Seismic_Report(Vertical).xIsx which can be found in the current
working folder.

oMat:Roof

Material Key

Analysis: Analysis 1
IBI?J%fRigid Mat:FluidRigid

B FluidFlexible
NoRoofTank(M)

I Pile

¥

eMat:FluidFlexible

A

M t'NoﬁoofTank(M)

Mat:Pile

Fig 241 Mesh for a Beam-Stick Model for Vertical Actions

Material Properties

The details for computing properties are summarized in the spreadsheet.
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Roof
1) Roof Mass & Stiffness
Component Value Unit Remark
M_roof 12,027,753 kg mass of roof
f 5.0000 Hz fundamental frequency of oscillation of the roof
T 0.2000 s fundamental period of oscillation of the roof
K oot 11,870,916,725 N/m
Fig 242 Roof Properties for Beam-Stick Model for Vertical Actions
Siailia ¥ & X| General Properties
[Blorou... &yAttri.. RAnal.. Utilit.. ERepo... [ElLayers
=3 Example_Vertical_EN1998_Vertical.mdl
&4 Attributes (13) Analysis category | 2D Inplane o
21 Mesh (5) ‘ [ cylindrical
=3 Point (5) Assignment to  Points and line ends [] Thermal expansion
{ & 4:NoRoofTank(M)
| =12 Joint between Features (4) Joint type Joint no rotational stiffness i Damping
- T 0T Mass position At first node ~ O Rayleigh (@ Viscous coefficient
& 3:FluidFlexible
{ & 5:Pile
=a Geol:netric @ Properties specified for each freedom
=13 Joint (1) = v
‘ i jMieti:aJlogt)Geometrlc %asﬁc spring stiffness]  11.8709E9 1.0E15
‘ T =2 Joints (4) Mass _ _ 12.0278E6 0.0
‘ & 1:Roof Viscosity coefficient 37.7863E6 0.0
¢ 2:FluidRigid
‘ &% 3:FluidFlexible
& 5:Pile
3 Mass (1)
é% 4:NoRoof Tank(M)
=4 Supports (2)
& 1:Fully Fixed
&% 2:Y Free
Name | Roof MI==1¢)]
| None v | Specify...
Fig 243 Roof Properties in a Beam-Stick Model for Vertical Actions
Fluid-Flexible
| M_inG f | 89,566,808 ‘ kg ‘mass of LNG (radial breathing), ref. A.40.
| K ine r ‘ 21,631,229,542,194,300 | N/m ‘
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2D Beam-Stick FSSI Seismic Analysis for Vertical Actions

Attributes

S Example_Vertical EN1998_Vertical.mdl
A Attributes (13)
3 Mesh (5)
& Point (5)
&% 4:NoRoofTank(M)
=13 Joint between Features (4)
&% 1:Roof
&% 2:FluidRigid
&% 3:FluidFlexible
&% 5:Pile
=13 Geometric (1)
54 Joint (1)
% 1:JointGeometric
—3 Material (5)
=3 Joints (4)
& 1:Roof
&

~1‘3 Mass (1)
&% 4:NoRoofTank(M)
£ Supports (2)
&% 1:Fully Fixed
¢ 2:Y Free

None

s x[ General Properties

[Slerou.. yAttri.. RAnal.. P utilit.. ERrepo.. [BlLayers

Analysis category | 2D Inplane

Assignment to Points and line ends
Joint type Joint no rotational stiffness v
Mass position At first node v

Properties specified for each freedom

[ cylindrical
[[] Thermal expansion
Damping

O Rayleigh  (® Viscous coefficient

u v
Elastic spring stiffness| 21.6312E9 1.0E15
Mass 89.5668E6 0.0
Viscosity coefficient 139.192E6 0.0

Specify...

Name | FluidFlexible

M= (6))

Fig 244 Material Properties for Fluid-Flexible in a Beam-Stick Model for Vertical

Actions
Fluid-Rigid
Py 18,681.6000 Iw:g)’r'ﬁE hydrodynamic pressure on the wall, from A17
104,022,703 | kg mass of LNG [rigidly moving), ref A17.
| k ing ¢ 21,631,229,542,194,300 ‘ N/m ‘

195



Examples — User Inputs

Attributes v ’d General Properties X
Grou... &Anri_._ QAna\... ;%SUUML.. Repo...Layers
=13 Example_Vertical_EN1998_Vertical.mdl
=133 Attributes (13) Analysis category | 2D Inplane ‘
=3 Mesh (5)
=3 Point (5)
&% 4:NoRoofTank(M)
(=3 Joint between Features (4)
& 1:Roof
& 2:FluidRigid
& 3:FluidFlexible
&% 5:Pile
3 Geometric (1) Properties specified for each freedom
(=3 Joint (1) m v
4 LJointGeometric Elastic spring stffness| 21.6312E15 T.0E15
£ Material (5) Mass 10402386 00
P’ai"'{‘:o(:f) Viscosiy coefficient | 150.005E9 00
X 3:Fluidrlexible
&% 5:Pile
=43 Mass (1)
& 4:NoRoofTank(M)
=3 Supports (2)
& 1:Fully Fixed
& 2:Y Free

[ cylindrical
Assignment to  Points and line ends [] Thermal expansion
Joint type Joint no rotational stiffness v Damping

Mass position At first node v ORayleigh (@) Viscous coefficient

Name | FluidRigid vIEH@
None ~ | Specify...

Fig 245 Fluid-Rigid Properties in a Beam-Stick Model for Vertical Actions

Pile(k)_NoRoofTank(M)
3) Mass for Quter&inner Tank

Component

Remark

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

4) Mass & Stiffness for Pile

Component

Remark

k_gile 225,923,300,000 N/m
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2D Beam-Stick FSSI Seismic Analysis for Vertical Actions

Attributes

[Slcrou.. &y Attri.. (RAnal.. P utilit... ERepo... [ELayers

=& Example_Vertical EN1998_Vertical.mdl
= Attributes (13)
=3 Mesh (5)
=3 Point (5)
& 4:NoRoofTank(M)
=3 Joint between Features (4)
&% 1:Roof
& 2:FluidRigid
& 3:FluidFlexible
&% 5:Pile
13 Geometric (1)
=3 Joint (1)
& 1:JointGeometric
=& Material (5)
=& Joints (4)
& 1:Roof
& 2:FluidRigid

= Mass (1)
& 4:NoRoofTank(M)
=13 Supports (2)
& 1:Fully Fixed
& 2:Y Free

None

Attributes

Grou. &Attri.u QAna\.. J’Util\t.. Repo.. Layers

=3 Example_Vertical EN1998_Vertical.md|

—3 Attributes (13)
(01 Mesh (5)
[0 Geometric (1)
-3 Material (5)
—3 Joints (4)
&% 1:Roof
& 2:FluidRigid
&% 3:FluidFlexible
& 5:Pile
—3 Mass (1
=’ SUppo
& 1:Fully Fixed
& 2:Y Free

vax

v | Specify...

General Properties

Analysis category | 2D Inplane

Assignment to  Peints and line ends

Joint type Joint no rotational stiffness v

Mass position Between nodes

Properties specified for each freedom

[T cylindrical
[[] Thermal expansion

[[] Damping

Rayleigh Viscous coefficient

u v
}Easﬁc spring stifiness| 225.923E9 1.0E15
Mass 0.0 0.0
Name | Pile MO
¥ &X| Mass X
Analysis category | 2D Inplane
Type
(® Point Line Surface
X | Y |
0.0 I 53.6624E6 I
Name | NoRoofTank(M) V@
Cancel Apply Help

Fig 246 Material Properties for Pile(k), NoRoofTank(M) in Beam-Stick Model for

Viewing Results

Value

Vertical Actions

The Layers panel in the LUSAS Modeller user interface controls what is displayed

in the View window.

o Select the Values layer and choose Force/Moment — Thick 2D Beam for

Entity, Fx for Component to display the Axial Forces.
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Layers v ax

LUSAS View: Example_Vertical EN1998 Vertical.mdl Window 1 X

[Blerou.. deAttri.. QAnal.. P utilit.. ERepo.. GlLayers

&

v 0.0 1.0 2.0 3.0 4.0 5.0
=3 Example_Vertical EN1998_Vertical.mdl
O Example_Vertical_EN1998_Vertical.mdl Window 1 [©
# Geomety - #.35.9508E3 rropere
# Mesh
# Deformed mesh Value Results Values Display
@ Attributes
7 Labels # Entity Force/Moment: v
7 Annotation o N
e Component Fx v
St S *.242 675E3
|@ Values : Fx (Force/Moment - 2D Joint (JNTz))l Location  Averaged nodal -
F4 Transform | Set... |None
2 °
{ y
| ¥
| + Display on slice(s)
[ i
° ,'35296@883 Close Cancel Apply Help
L> X
s )
Il < > r4
Deformations... x 3.01588E3 g L]

[ Window summary = Details. .

Fig 247 Axial Forces from Beam-Stick Model for Vertical Actions

Set the Values Display to show all values (i.e. set 100% for both maximum and
minimum), and set the Response Spectrum CQC active.

The axial forces for each joint element are displayed as shown below. The axial forces
effectively represent the forces of each member (roof, liquid) acting on the slab.

Value Results  values Display

Entity Force/Moment v
Component | Fx v
Locaton | Averaged nodal v

Display on slice(s)

Close Cancel Help

Apply

Value Results Values Display

[ show values of selection
(A symbols
Values

[peform

Faiure detais

@ significant figures [ =
3
(O Decimal places =

[ show trailing zeros

Choose font...
Pen  symbol Font angle
oo o52] B (] [0
Close Cancel Apply Help

Analyses

[Slerou... SeAttri.. (Qanal..  Utilit.. ERepo... [ElLayers

=3 Example_Vertical_EN1998_Vertical.md|
£ Structural analyses
= Analysis 1
[+ Geometric
/2 Material
= 1:Loadcase 1
£121 Supports
% Eigenvalue
=1 Example_Vertical EN1998_Vertical~Analysis 1.mys
= 1:Mode 1 Frequency = 2.34255
" 1:Mode 2 Frequency = 4.75945
= 1:Mode 3 Frequency = 6.68215
" 1:Mode 4 Frequency = 3934.22
23 Post processing
Q
5 3:Response Spectr |V Set Active
% Model properties

Print Modal Forces
Edit...

% Copy
@ Ppaste

Rename

X

Delete

<

2:Response Spectrum CQC

vax

LUSAS View: Example_Vertical EN199
N 0.0 1.0
- 4.0396E6
S 125.023E6
2 138.608E6
3360806E6
g X
231.318E6
31.318E6

Fig 248 Axial Forces for CQC combination from Beam-Stick Model for Vertical

Actions
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