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LNG Tank Design Checks




Overview

LNG Tank Design
Checks

The LNG Tank System carries out design checks to supported design codes for
specified load combinations.

Its use requires the Microsoft Excel spreadsheet application to be installed in advance
for full functionality as certain applications may use it during the design or reporting
process. For example, the Wizard imports the spreadsheet template for design load
combinations.

Due to the low temperature of LNG, a thermal analysis requiring solid elements has to
be performed and this often causes difficulties for load combinations that are based on
structural results when the structural analysis is performed using shell elements. The
LNG Tank System imports the temperatures and temperature gradients that are
obtained from thermal analysis using solid elements into shell elements and allows all
required load combinations to be assembled in a single model, to enable design check
results to be obtained in an efficient way.

This manual focuses on the procedures involved in performing design checks using the
LNG Tank System. A separate manual titled ‘LNG Tank System (Metallic Tank): Part
1 — Tank Wizard’ provides details of modelling concepts used to build the range of
models supported.

User inputs shown in the manual ‘LNG Tank System (Metallic Tank): Part 1 — Tank
Wizard’ are used in this manual unless otherwise stated.
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Preparations

Base Model

Preparations

User Inputs
Select the menu item LNG Tank >Tank Definition...

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

cL
Inner part (Linner, Dinner) h
N L L
Outer part (Louter, Douter) 6.7 15 inner %““"’
Taper part (W) 06 00 D.W_I_ } Dheaag | S
. l‘heating Douter
Base Heating (Lheating,.. 465 0.386 ! Dground
v ! W,
< >
Set zero Set defaults
Name | Tnk2 |5 (new)
oK Cancel Apply Help

Fig 1 User Input for Tank Dimension and Load

‘3D Shell Structural’ should be checked from ‘Target models to build’. Complete all
the inputs and click OK to save the data with the name ‘Tnk1’.




Base Model

Build Base Model

The Base Model for a design check can be built by selecting the menu item LNG
Tank> Create 3D Shell Model...

LNG Tank - Base Model for Design Check

Tank definition data Tnk1

Model filename [Tesd |

Saved model file path |C:\Users\nhsso\Documents\LUSASZOO\F‘rojects\TesLde ‘

Modeling options

Element size (m) Half symmetric model [JRigid fin plate

Number of eigenvalue Include non-structural masses in the eigenvalue analysis

1 - Base / Wall / Ringbeam

Number of buttress 0
10 2 -Ringbeam 1st PS
i - m
Extruded thickness (m) 3 - Roof frame 1/ Inner work
Buttress width 40 (m) 4 - Roof frames 2,3

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

7 - Wall vertical PS
8 - Wall horizontal PS

Roof construction plan Single layered roof 1

Roof first stage thickness (ratio) 1.0
Initial prestress for ringbeam (ratio) 1
Initial prestress for base slab (ratio) 0.5

Fig 2 LNG Tank for Base Model for Design Check

U Depending on the selected ‘Tank Type’ in Tank Definition, relevant user inputs
are enabled and not required user inputs are disabled.

The model built is shown below.




Build Base Model

Attributes vax LUSAS View: Test.mdl Window 1 X v
[Blorou.. dAttrib...(QAnaly... £ Utiliti.. ElRepo... ElLayers 60.0 40,0 20,0 0.0 20.0 200 0.0

=a Test.mdl ~
(553 Attributes (142)
=3 Mesh (34)
@ Line (33)
24 Surface (1)

2 Geometric (47)
S Line (21)

60.0

& 34:ThickShell

40.0

(¢ 5:RafterBeam_Center (Rc) (I D=0.07 Bt= 0.08 Bb=
6% 6:RafterBeam_Transition (I D=0.07 Bt= 0.08 Bb=0.
& 7:RafterBeam_Center (Rc)(Symmetric)

& 8:RafterBeam_Transition(Symmetric)

& 9:RafterBeam_1 (I D=0.22 Bt= 0.08 Bb=0.1 tft=0.(
& 10:RafterBeam_1(Symmetric)

& 11:RafterBeam_2 (I D=0.22 Bt= 0.08 Bb=0.1 tft=0
¢% 12:RafterBeam_2(Symmetric)

¢ 13:RafterBeam_3 (I D=0.22 Bt= 0.08 Bb=0.1 tft=0
& 14:RafterBeam_3(Symmetric)

&% 15:Bracing_2 (L D=0.2 B=0.1 tf=0.01 tw=0.01 ri=!
é% 16:Bracing_3 (L D=0.2 B=0.1 tf=0.01 tw=0.01 ri=(
& 17:Lateral Beam1 (RSS D=0.1 B=0.01)

& 18:Lateral Beam2 (RSS D=0.1 B=0.01)

& 19:Lateral Beam3 (RSS D=0.1 B=0.01)

£ 72:Ranf-Wall Crnnartinn Dlata (RSS N=N 14 R=0 01 ¥

20.0

0.0

-20.0

o

None

| Specify...

Fig 3 Base Model for Design Check

Analyses

A number of analyses having a total of 49 loadcases are set-up in the model.

U Base Analysis A static analysis. A total of 28 loadcases are provided including

4 thermal loading. Thermal loading can be added to the Base Analysis using
‘LNG Tank > Add Loading> Thermal...” The result of a separate thermal
analysis is to be imported here.

U Seismic Analysis Equivalent peak seismic acceleration and hydrodynamic

loading are to be added.

O Staged Construction Analysis 19 construction stages are defined with self-

weight only.

U CRSH Analysis As for Staged Construction Analysis, combinations have been

added to consider the pure effect from Creep and Shrinkage alone. This is
obtained by subtracting the results in Analysis 5 (including CRSH) and the
results in Analysis 4 (not considering CRSH).

U Eigenvalue Analysis To obtain Eigenvalue results.




Base Model

Analyses

[Blerou.. SeAttrib... (R Analy... > tiliti.. ElRepo.. [ELayers

S Test.mdl
-2 Structural analyses

/22 Material = 01 Base Analysis
i 1:SelfWeight == 02 Seismic Analysis
{ & 2:Dead Loads of Steel Structure 21 Material
 3:Dead load of liner and steel roof 5 21:55E_H
 4:Dead load of steel structures on the roof ©22:85E V
::;ggg m::g)  5:Dead load of Insulation ©23:08E_H
“ 6:Pressure on outer tank wall due to insulation 5 24:0BE_V

4 47:SSE Max(+)
148:SSE Max(-)
#149:Dead loads inner tank steel and others
4 Combination and envelope options

% Model properties

v 3 X Analyses

v X

[Slerou Attrib... (D Analy... £~ Utiliti.. [ERepo... [ElLayers
2.

1= 01 Base Analysis
1 Geometric

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

% 9:Liquid bottom(Min)

©10:Gas Pressure(Max)

% 11:Gas Pressure(Min)

Live load

Snow load

Test load (Liquid)

Test load (Pneumatic)

Dead Loads(1-7)

% 17:Max External Max Base Heating Temperature
% 18:Min External Max Base Heating Temperature
© 19:Max External Min Base Heating Temperature

s

2 Seismic Analysis
= 03 Staged Construction Analysis
@ 05 Eigenvalue Analysis
& Post processing
£ 45:0BE Max(+)
4 46:0BE Max(-)
4 47:SSE Max(+)
£ 48:SSE Max(-)
4 49:Dead loads inner tank steel and others
% Combination and envelope options
@ Model properties

~

Analyses

v ax

[Slerou.. dAttrib...(QAnaly... &/ Utiliti.. ElRepo... [Eltayers

‘A Test.mdl
13 Structural analyses

= 03 Staged Construction Analysis
25:Annular Part(Staged)

4 26:Circular Part(Staged)
4 27:Wall_1
£ 28:Wall_2

4 36:Wall_10

£ 37:Wall_11

£ 38:Wall_12

Wall_13

4 40:Wall_14

%4 41:Inner Tank Work(Staged)
44 42:Roof Complete(Staged)
+ £ 43:Final(Staged)

4 Nonlinear analysis options

== 05 Eigenvalue Analysis
23 Post processing
) 45:0BE Max(+)
4 46:0BE Max(-)

Fig 4 Analyses Available in Base Model

Loadings

Self weight is assigned in all analyses.

assigned.

In the Base Analysis, 20 loadcases are provided, including 4 thermal loading.

In the other analyses (with the exception of the self weight) loading is not yet

~

Base Load Combinations

As seen in [Fig 4], 5 load combinations are pre-defined.

Template for load combinations

A template for use in defining design load combinations is saved in the LUSAS
installation folder LUSAS200\Programs (x86)\scripts\Tank with the name of
Tank_Template_Combinations.xIsx

Alternatively, a template can be downloaded by clicking the ‘Template Download’
button in the ‘Design Load Combinations’ dialog (LNG Tank > Design Checks >
Design Load Combinations). The template for design load combinations will be saved
in the current working folder with the name of Tank_Template_Combinations.xlsx.




Build Base Model

LMNG Tank - Design Load Combinations *

Template Download

Combination data | | Browse...

QK Cancel Help

Fig 5 Design Load Combinations




Base Model




Thermal Analysis for Max Environmental Temperature

Thermal Analysis

Thermal analysis that requires the evaluation of heat transfer through thickness cannot
be performed with shell elements, so a thermal analysis using 2D axisymmetric solid
elements is required instead.

Thermal Analysis for Max Environmental Temperature

Select the LNG Tank > Create 2D Model > Coupled Thermal/ Structural... menu
item, and assuming the default inputs are for maximum temperature, perform a 2D
Thermal Analysis with the input data of ‘Tnkl — Max Temperature’.

e Enter Example - Max for the model file name and click OK.




Thermal Analysis

LNG Tank - Coupled Thermal/Structural Analysis X

Tank definition data ALk} -

‘Tnk1-Max Temperature

Model filename

‘C:\Users\chssc\Dccumean\LUSASZOO\Prcjens\Tnk1 -Max Temperature_Thermal.mdl

Saved model file path

Modeling options

5 4.0E-3 Include soil for aboveground tanks
Concrete element size [m] Steel element size [m] 9

[Jinclude Structural Load

Variable Loads to apply ()

- The chosen variable loads from the Tank Definition will be used for Operatina Condition
(*) These parameters are read from the [Structural Loading Definition] tab of the tank definition attribute.

Spillage Loading

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

Radius of inner tank outer surface(*) 42.1361 ] iid density(*) e [kg/m]
m

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

SpIliage QUIAUON UME 101 eacrl Spiiage reignt

Spillage 1 Thour] Spilage 2 100 thour] Spillage 3 100 hour]

Spillage 4 10.0 [hour] Spillage 5 100 [hour]

Cancel Help

Fig 6 Dialog for Thermal Analysis (Max)

The current shell model will be closed and a new 2D axisymmetric solid model suitable
for thermal analysis will be built.

10



Thermal Analysis for Max Environmental Temperature

Analyses vax LUSAS View: Test_Thermal.mdl Window 1 X | v
[Blorou... dAtri.. (QAnal.. L utilit.. ERrepo...[Elayers [ 400 200 00 200 400 60.0 80.0
(=@ Test_Thermal.mdl ~
(5 Thermal analyses . .
= Analysis 1 (Thermal) . Analysis: Analysis 1 (Thermal)
i 9 Material S Loadcase: 4:0Operating Condition(Thermal), 3:Time Step 2 Time = 0.100000E+09 R
i‘j?}iﬁ‘é:ﬂ’::"mem” Results file: Test_Thermal~Analysis 1 (Thermal).mys
ey Response time: 100.0E6
#13 Loading >PO e .
% Nonlinear and Transient Entity: Potential .
= 2:Time Step 1 Time = 0.100000E-02 Component: PHI (Units: C)
el 4:Operating Condition(Thermal)|
13 Supports Set Active -152.126
#DLoading : -130.394
% Nonlinear and Transient ~ Eit... -108.661
& 3:Time Step 2 Time = Loadcases to Solve. 86 9291
% 6:Spillage 1 Condition(The - - B
4122 Supports 2 €y -65.1969
21 Loading @ Paste -43.4646
% Nonlinear and Transient  Rename -21.7323
4 4:Time Step 3 Time = 0
4 Nonlinear analysis options  DE/€t€ (2)'107 393
5 Structural analyses. New > .
= Analysis 1 .
e e Close Results File Maximum 25.5906 at node 44654 v
51 Material Deassign > | Minimum -170.0 at node 50
£ ® L:Initial Condition(Structur  Controls >
2 Supports —mm
% Nonlinear and Transient g
+* 2:Time Step 1 Time = 0.100000E-02
4 3:0perating Condition(Structural)
401 Loading
4 Nonlinear and Transient
+* 3:Time Step 2 Time = 0.100000E+09
= 5:Spillage 1 Condition(Structural)
21 Loading vllla
e " S
3:Time Step 2 Time = 0.100000E+09 ‘ [ A
None ~  Specify...

Fig 7 Thermal Analysis for Max Environmental Temperature

e Solve the model, and in the Analyses (® treeview, set the loadcase Operating
Condition (Thermal) active.

e The Equivalent Uniform Temperature and Linear Temperature Gradient through
thickness can be computed and saved in a spreadsheet by selecting the menu
item LNG Tank >Excel Tools> Export Temperatures...

LNG Tank - Export Temperatures to Excel (2D) X

‘ThermaIResulltsfMax

Qutput filename

Working folder @ Current O User Defined

Save in ‘C:\Users\ohsso\Documents\LusasZUO\F’rojects\ThermaIResuIltsﬁMax(Temp<|

Cancel Help

Fig 8 Extraction Thermal Max Results

In the current working folder, the file ThermalResult-Max.xlsx containing the
extracted results for Roof/Slab/Wall is created.

11



Thermal Analysis

ol

> Lf PC » Documents »> Lusas200 > Projects

=
=

~

E ThermalResults_Min(Temperature).xlsx

E ThermalResullts_Max(Temperature).xlsx

Temperature of Roof

Fig 9 Extracted Thermal Results in a Spreadsheet

Thermal Analysis for Min Environmental Temperature

Type Temperature
Location Roof
Unit Celsius
No of Slices Gap Outer Radius Rad. Origin Y Min. Thickness
(m) (m) (m) (m)
92.00 0.50 86.41 -33.36 0.01
Distance Inner Temp Outer Temp Thickness Average Temp Linear Gradient | Vertical Distance
(m) [We) (WS (m) Q) (°¢/m) (m)
0.00 25.27 26.27 0.01 25.27 -0.15 0.00
0.51 2532 25.32 0.01 2532 -0.34 0.00
1.01 25.30 25.30 0.01 25.30 -0.33 0.01
1.52 25.32 25.33 0.01 25.32 -0.34 0.01
2.03 25.30 256.30 0.01 25.30 -0.31 0.02
2.53 2532 2532 0.01 2532 -0.34 0.04

To perform additional thermal analyses for a minimum environment temperature, re-
select the menu item LNG Tank >Tank Definition...

12




Thermal Analysis for Min Environmental Temperature

Tank Definition X
Tank type Target models to build
Material : Metallic i []2D axisymmetric coupled thermal/structural
I ReEr e 5 []2D beam-stick seismic []3D shell structural
Tank Definition | Load | Support(3)| Seismic| Ground |

‘Structural Dead Loading Structural Variable Loading Thermal Loading

. Temperature Convective
oad type Length [m] © coeficient Type of boundary Description
[Wim*s.C]
Initial Temperature (Structure) 00 10 0.0 Prescribed " Initial Temperature of Structure
Initial Temperature (Soil) 0.0 10 0.0 Prescribed " Initial Temperature of Soil
Soil Bottom Depth & Temperature 250 151 0.0 Prescribed " Soil Bottom where Temperature is constant
External Temperature 00 10] 250 Convection " Extemal Temperature
Liquid Temperature 00 -1700 166.47 Presciibed " Liquid Temperature
Base Heating 0.0 5.0 0.0 Prescribed " Base Heating
Spillage 1 38.263 41700 166.47 Prescribed " spillage 1
Spillage 2 00 -170.0 166.47 Prescribed " spilage 2
Spilage 3 00 -170.0 166.47 Prescribed " Spilage 3
Spillage 4 0.0 -170.0 166.47 Prescribed . Spillage 4
Spillage 5 00 -170.0 166.47 Prescribed " spilage 5
oo Set defaults *The temperature for base heating will only be considered if a value other than zero is defined.

Name | Tnk2_Min Temperature <15 (new)

oK. Cancel Apply Help
Fig 10 User Input for Min Environmental Temperature

o Enter 10 (Celsius) for both the Initial Temperature (Structure), Initial
Temperature (Soil) and the External Temperature. The Initial Temperature
(Structure) is the temperature at the time when concrete is poured, hence zero
stress will be occurred at this temperature.

e Save these inputs with name ‘Tnk2-Min Temperature’.

o Select the menu item LNG Tank > Create 2D Model> Coupled
Thermal/Structural... and enter Example - Min for the model file name, then
click OK.

13



Thermal Analysis

LNG Tank - Coupled Thermal/Structural Analysis

Tank definition data (k2 Min T mperanure

‘ExamplefMin

Model filename

‘C:\Users\chsso\Dccumenvs\LUSASZOC Proj ple_Min_Thermal.md|

Saved model file path

Modeling options

[ . -
Include soil for aboveground tanks

Concrete element size [m] Steel element size [m]

Include Structural Load

O Min

Variable Loads to apply(*)

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

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

Spillage Loading

Application target above Comer Protection @ 1st Wall Insulation layer O wall

Radius of inner tank outer surface(*) 42,1361 iid density(%) 480 [kg/m?

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

SpIlAgE UUIEuON IMe 101 €acn Spiiage neigri

Spilage 1 fhour] Spillage 2 100 fhour] Spillage 3 10.0 Thour]

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

Fig 11 Dialog for Thermal Analysis (Min)

e Solve the model, and in the Analyses ™ treeview, set the loadcase Operating
Condition (Thermal) active.

e Export results into a spreadsheet by selecting the menu item LNG Tank >
Excel Tools> Export Temperatures...

14



Update Base Model

Save in

LNG Tank - Export Temperatures to Excel (2D) X

‘ThermaIResuIls_Min\

Output filename

(® Current () User Defined

Working folder

‘C:\Users\ohsso\Documems\Lusas20U\F‘rojecTs\ThermaIResultsfMin(Tempeﬂ

Cancel Help

Fig 12 Extraction Thermal Min Results

Update Base Model

The thermal analysis results can be converted to 3D loading for load combinations.

e Close the thermal model and open the shell model of ‘Test.mdl’.
e Select the menu item LNG Tank > Add loading> Thermal... then select the
spreadsheets for thermal analysis results and click OK.
LNG Tank - Add Thermal Loading X
Maximum extemal temperature  |C:\Users\ohsso\Documents\Lusas200\Projects\ThermalResults_Max(Temperature) xisx ] RS,

+ maximum base heating

Minimum external P ‘C:\Users\chssc\Dccumen's\Lusas200\Prcjeas\ThermaIResul'sfMin(Temperalure).xlsx ‘ Browse...
+ maximum base heating
Maximum external r Ire ‘C:\Users\chssc\Dccumenvs\Lusas200\Prcjeas\ThermaIResuII'sfMax(Temperalure).xlsx ‘ Browse...
+ minimum base heating
Minimum external P ‘C:\Users\chssc\Dccumen's\Lusas200\Prcjeas\ThermaIResul'sfMin(Temperalure).xlsx ‘ Browse...

+ minimum base heating

Import the spreadsheet created from [Excel Tools > Export Temperature] menu.
The result of thermal analysis is converted into equivalent structural loading in 3D shell model.
The loading will be saved under the relevant loadcases.

OK Cancel Help

Fig 13 Dialog for Adding Thermal Loading

The thermal analyses results are converted into equivalent structural temperature
loadings in the 3D shell model.

15



Thermal Analysis

400 60.0

200

200

\

40.0

LUSAS View: 3D_Full.mdl Window 1 X
0.0

00z

vax
[Slroups dAttrib.. (QAnalys.. o Utilities [EReports [ELayers

=230_Fullmdl

Analyses

ressure on outer tank wall due to insulation

Structural analyses
= 01 Base Analysis

% Geometric
%4 15:Test load (Preumatic)

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

# 12:Live load
5 14:Test load (Liquid)

1% 13:Snow load

fax External Max Base Feating Temperature

3 Staged Construction Analysis
25 Annular Part(Staged)

44:Eigenvalue

> Specify...

None

Fig 14 Temperature Loading from Thermal Analyse
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Preparation

Seismic Analysis

Preparation

A seismic analysis considering fluid-soil-structure interaction under seismic action
should be carried out prior to the 3D shell model investigation. The inertial and
hydrodynamic peak effects obtained from a seismic analysis can be transformed to
equivalent static loading for a 3D model in the form of accelerations that will act on the
structural masses and other structural loadings.

Update Base Model

Both OBE and SSE loadings can be defined by selecting the menu item LNG Tank >
Add loading> Seismic...

17



Seismic Analysis

LNG Tank - Add Seismic Loading X

Horizontal direction

OBE SSE
Roof acceleration |4»0 8.0 ‘ mls?
Wall acceleration /257 50—‘ m/s*
Base acceleration ‘C D m/s?
LNG force 250.0E3 500.0E3 KN
Moment from inner tank base (IBP) 500.0E3 960.0E3 kN-m
Moment from inner tank base (EBP) ‘@ @ kN-m

Vertical direction

OBE SSE
Roof acceleration /307 60—‘ m/s?
Wall acceleration 15 3.0 mis?
Base acceleration 15 3.0 mls?
Inner tank acceleration /157 30—‘ m/s?
LNG force @ @ kN

The loading for quasi-static seismic analysis will be created.
A separate FSSI analysis should be performed in advance to obtain the required loading.

Cancel Help

Fig 15 Dialog for Adding Seismic Loadings

Horizontal Loadings

Based on the given inputs, the loadings are defined as shown below. The acceleration
loadings are directly used for defining Body Force loading in Modeller, and the other
loadings are converted to equivalent structural loadings.

18



Update Base Model

e vax S
[Elorou.. Syt Qanaly. P utiii. Frepo mwg w50 200 o %0 %0 %0 0 750 250 7
= 02 Seismic Analysis
@ Materiol Body Force X
@2 H 2 i
=& Loading @
i oo s 10 e [T
it AL Componeet Vaiue ]
48:AX_Base_SSE (x 1.0) . Linear acceleraton in X 80
49:Liquid_Hydrodynamic_H_SSE (x 1.0) S il Y 00
oo ki : o
# 25:Annular Pert(Staged) il I
‘ Angular bo. 00
i N
4@ Loading S i T T SRR R RE R 9 EEEGED 00
# 1 Deactivate i T 9. bot 00
@ Nonlinear and Transient
26:Circlar Part(Staged) i ! ! i
S *
B Name | AX_Roof_SSE R}
- <]Z» G| [ | e
None. ~ [ speciy... || T
Fig 16 Horizontal Seismic Loading for Roof (SSE)
Analyses. vax LUSAS View: 3D Full.mdl Window 1 X b
[Borou. et Qanaly. P utilti. Erepo. E 200 oo %0 W00 %0 50 7000 200 T
% 02 Seismic Analysis. ~
4 Material Body Force X
< @21:SSE_H
¥ v 8 —
44:Liquid_Overturning_SSE(BaseSiab) (x 1.0) S Analysis category |30
45:Liquid_Overturning_SSE(InnerTank) (x 1.0)
46:AX Roof SSEel ) Component Value
1 47:AX_Wall_SSE (x 1. e) | Linear acceleraton in X 50
SOTAX_Base_55E (x 1. Linear acceleration in Y. 0.0
49:Liquid_| wdmdvn.m H_SSE (x 1.0) inear scoeleration nZ 00
40 2SSEV 2 [Anguiar veiodiy sbor X s 00
415 24:08E_V {Angular velocity about Y axis. 00
5= 03 Staged Construction Analysis Angular velocity aboutZ axis. 00
G o o e 5
o e noam %
S e %
3 Deactivate 3
Shetr e Tt
74 26:Circular Part(Staged)
& 27:Wall_1
e s . Cehgn s
g LI
w4 32:Wall_6 ;
H4 34:Wall_8
4% 35:Wall 9 .
+ & 36:Wall_10 Name | AX_Wall_SSE v @
@ 37:Wall_11 2
o 40wl 14 . Gancel Aoply Help

Fig 17 Horizontal Seismic Loading for Wall (SSE)
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Seismic Analysis

Analyses @ X | LUSAS View: 3D Full.mdl Window 1 X ~
[Blerou.. &eattii. Danaly..ofutilti.. ERepo.. BlLayers B0 200 00 200 499 gody Force X
* 02 Seismic Analysis ~
£ Material
~@21:SSEH .
i Analyss category | 3D
4:Lquid_Overturning_SSE(Baseslab) (x 1.0) °
erturning_SSE(InnerTank) (x1.0) |3 Velue
coof SSE (x 1.0) Linear acceleraton in X 40
inear accsleraton in Y 00
SSE (x 1.0) inear acceleraton in Z 00
~FSSETTTTT [Angular velociy about X axis 00
L [Angular velociy aboutY axis 00
E [Anguiar velociy aboutZ axis 00
-V /Anguiar acceleraton about X axis 00
aged Conructon i Angiarsccsston shod Y s o0
[Angular scceleraton sboutZ axis 00
Name | AX_Base_SSE RIS
B Concel Apply Help
+

Fig 18 Horizontal Seismic Loading for Base Slab (SSE)

Analyses v ®X | LUSAS View: 3D Fullmdl Window 1 X M
rou. i it epo... [Blayers E -
[Blorou.. dottii. Quanaly. P uitti. Frepo. Gay 400 200 99 200 4991 Global Distributed x
= 02 Seismic Analysis ~
%@ Material
@21:SSE_H N
! Analysis category | 3D
/%3 Loading T (€
id_Overturning_SSE(Basesiab) (x 1.0) 2 .
iid_Overturning_SSE(InnerTank) (x 1.0) 3
Roof SSE (x 1.0) o ® er unit area
WaLSSE (¢ 1.0) OTotal @ Per unit length Per unit
[ id_Hydrodynamic__SSE (x 1.0) ] Component Value
X Directon 37804E6 costeta
& - = 'V Direction 00
h 1Z Direction 00
[Momentabout X axis 00
Yaxis 00
00
@ Noninear and Transient B
ular Part(Staged)
NameLiquid Hydrodynamic_H SSE V1% @)
B Cancel Apply Help
20:SSE H — e

Fig 19 Horizontal Seismic Loading of Liquid Force (SSE)

U The force of the liquid is transferred to the Base Slab through the inner tank, so
the loading is applied at the location of the inner tank wall.

U The total force defined from user input is S00E3 kN in the global X direction,
however the pressure of the liquid acts perpendicular to the inner tank wall
surface with an intensity following a cosine variation.

U A cylindrical local coordinate system is applied to the lines to ensure loading is
in a radial direction.
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Update Base Model
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Fig 20 Horizontal Seismic Loading of Overturning Moment from Base Slab (SSE)
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+

Fig 21 Horizontal Seismic Loading of Overturning Moment from Inner Tank (SSE)

Vertical Loadings

The acceleration loading is directly used to define Body Force loading in Modeller
except for the acceleration for the Inner Tank. As the Inner Tank is not included in the
meshed model, the loading is converted to equivalent structural loading.
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Seismic Analysis
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Fig 22 Vertical Seismic Loading for Roof (SSE)
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Fig 23 Vertical Seismic Loading for Wall (SSE)
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Update Base Model
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Fig 24 Vertical Seismic Loading for Base Slab (SSE)
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Fig 25 Vertical Seismic Loading for Inner Tank (SSE)

U The inner tank is not included as structural elements, so the vertical loading
from the inner tank should be converted for structural loading.




Seismic Analysis
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Fig 26 Vertical Seismic Loading for Liquid (Hydrostatic, SSE)

U The given liquid pressure is 400E3 kN is converted as a distributed load for 3D

model.
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Update Base Model

Staged
Construction

Analysis

Update Base Model

By selecting the menu item LNG Tank > Add Loading > Staged Construction
Loads... the loadings for Staged Construction Analysis will be created and assigned to
the appropriate loadcases. Dead loads will reference the data defined at the previous
step of ‘Base Model’, hence no further input for loading is required.

LNG Tank - Add Staged Construction Analysis X
Dead loads Variable loads to apply
Load definition data Tnk1 N ® Max O Min

Roof frame loads (construction stages)

Fv Fr
Frame case 1 -9.56102E3 | 16.5602E3 |k -
Frame case 2 |-20.8938E3 | [36.1995E3 | o
Feme &= S [19.7618E3 | [34.2084E3 | o F' -
Roofwetconcrete  -47.1367E3 | [s16432E3 | o Fi

Fig 27 Dialog for Adding Staged Construction Analysis
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Staged Construction Analysis

Stage Definition and Loadings

The following stages and loadings are ready.

Stage Description Note
No. 1 Annular part
No. 2 1) + Circular part
No. 3~16 | 2) + Wall is added up in stages
No. 17 16) + Inner Tank Work
No. 18 17) + Roof Complete
No. 19 18) + Final

Table 1 Sequence of Construction Stages

Analyses

[Analyses

St Qanaly. P utiti. Erepo. layers

vax

vax

[Slorou i @ analy. utiiti. Erepo.. Glayers

i = 02 Seismic Analysis
* 03 Staged Construction Analysis
2 ged

LUSAS View: 3_Full.mdl Window 1 X

<00 200 00 200

200

1; ' % ‘

LUSAS View: 3D_Full.mdl Window 1 X

00 200 00 200

200

00

200

Fig 28 Stage 1 ~2 of Staged Construction Analysis

Stage 1 builds the annular part of the slab.

Stage 2 adds the central part of slab.

Note that self weight is always assigned when a new part of the structure is added.

Loading defined and assigned at a stage is inherited by the subsequent stages.
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Stage Definition and Loadings

Analyses. vax
[Slorou.. Seattri. Qanaly. P utiti. ERepo.. Biayers
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- 03 Staged Construction Analysis

% 25:Annular Part(Staged)
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200
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e
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Fig 29 Stage 3 ~ 16 of Staged Construction Analysis

At Stage 16, the Wall construction is complete.

Analyses ¥ BX " LUSAS View: 3D_Full.mdl Window 1 X
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300

200
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Staged Construction Analysis
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Fig 30 Stage 17 ~ 19 of Staged Construction Analysis

In a double steel tank, it is assumed that the roof is built in one go and no prestress is
considered.

Stages 16 assumes that the Inner tank work is completed. At this stage, dead load for
insulations acting on slab and wall will be assigned.

Stages 17 assumes that the roof is completely built. At this stage, the rest of dead load
for insulation acting on Roof will be assigned.

Stage 19 is the final stage. The structures are complete as built, and all loadings for the
operating condition are added.

User Updates

Construction Sequence

If required, additional loadings or stages can be added.
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User Updates

To duplicate loading types within the Analyses (5 treeview, the Copy and Paste
options can be used as shown below. This will create additional stages (loadcases) and
include all loadings previously assigned to the copied loadcase.

Analyses v ax - -
- = 02 Seismic Analysis ~
[Slerou.. dAtti.. (R Analy... g Utiliti.. (ElRepo... [FlLayers == 03 Staged Construction Analysis
= 02 Seismic Analysis ~ 247 25:Annular Part(Staged)
=+ 03 Staged Construction Analysis F45 26:Circular Part(Staged)
45 25:Annular Part(Staged) [z 07: Wall .
#14E 26:Circular Part(Staged) 4 28:Wall_ Set Active
E==107: Wall_1] g 29:Wa::7 Edit..
[4E 28:Wall Set Active 30:Wall_
48 29:Wall (148 31:Wall_ Loadcases to Solve...
w®30:Wall_ Edit BEILEWal B Copy
4B 31:Wall_ Loadcases to Solve... <‘Zr2 33:Wa!L & Ppaste
Analyses v X
[Slerou.. $Attri.. (R Analy...& Utiliti... [ERepo... [SllLayers
+-= 02 Seismic Analysis A

—= 03 Staged Construction Analysis
42 25:Annular Part(Staged)
442 26:Circular Part(Staged)
45 27:Wall_1
[ @42 28:Wall_1 (Copy 1) |
4= 29:Wall_2
4= 30:Wall_3

Fig 31 Copy and Paste of Stages (Loadcases)

The required activation/deactivation/loadings/support can now be assigned or removed
for this stage. The loadings at other loadcases can be also copied and pasted in the same
way if required.
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Staged Construction Analysis
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Preparation

CRSH Analysis

Preparation

CRSH Analysis considers the effect of creep and shrinkage changing with time and
requires a nonlinear creep and shrinkage material model to be used. This is defined by
selecting the Attributes > Material > Concrete (Nonlinear) menu item.

e Select ‘EN 1992 (2004-2014)’, accept the default inputs, and save with name of

¢ 9
CRSH EN1992°.

Concrete (Nonlinear) X Concrete (Nonlinear) X
onass Linear with creep/shrinkage (model 86) v| | Advanced R Linear with creep/shrinkage (model 86) ~| | Advanced
Czet] EN1992 (2004-2014) ~ Options. Cegp EN1992 (2004-2014) ~ Options.

. [AASHTO LRFD 7th
shiinksge | e 1600y Shrinkage | EN 1902 (2004-2014) v
Chingse Code
Component | Value
Young's modulu |RC:112-2011 Young's modulus_| 36.75E9
Poissonsratio Lz Poissons ratio__| 02
Wass densty | 2.5484E3 Mass densiy | 2548483
OThermal properties ] Dynamic properties [JThermal properties  [] Dynamic properties

Fra

st softening curve Strain ftening curve
Component [ Value Component | Value
Uniaxial compressive strength | 48.0E6 Uniaxial compressive strength | 430E6
Cement e | Class N Cement type | Class N
Relafive humidiy | 700 Relative humidiy | 700
Name [ CRSHEN1982 | = ey <] =] ew)
cancal | | apply Hep cancel | | nppy Help

Fig 32 Creep & Shrinkage Material for Base Slab
Update Base Model

By selecting the LNG Tank > Add CRSH Loading... menu item, the loadings for the
Creep and Shrinkage Analysis will be created and assigned to the appropriate
loadcases. Dead loads will reference the data defined at the previous step of ‘Base
Model’, hence no further input for loading is required.
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CRSH Analysis

LNG Tank - Add CRSH Analysis X
Dead loads

Load definition data Tnk1

Creep shrinkage material dataset

Roof 15:CRSH EN1992 Age at activation day
Ringbeam 15:CRSH EN1992 Age when shrinkage begins day
Wall 15:CRSH EN1992

Slab 15:CRSH EN1992 v

Fig 33 Dialog for Adding CRSH Analysis

U Age at Activation: The concrete age at the time of activation (i.e. cast removal)

U Age when shrinkage begins: The number of days/hours etc. between the
concrete being cast and shrinkage being considered to have started. For Codes
of Practice where autogenous shrinkage and drying shrinkage are handled
separately, such as EN1992-1-1, this input refers to the age at which drying
shrinkage begins; autogenous shrinkage is always taken as occurring from when
the component is cast. For Codes of Practice where there is no such distinction,
this value is used to define the commencement age for all shrinkage.

Make sure the Creep and Shrinkage Material dataset for base slab is selected.

Stage Definition and Loadings
The stages defined in this analysis are the same as for Staged Construction Analysis.

Additionally, the ‘Age’ property is assigned to Base Slab, and the time gap between
each stage and the Total Response Time are defined for each stage.

User Updates

Loadings

As discussed in the section titled Staged Construction Analysis, some loadings may
need to be updated.

Construction Schedule

The duration (length of time) of each stage is set to 10 days by default for all stages.
This should be updated to follow the actual construction schedule.
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User Updates

Each stage uses a Nonlinear Control, and both the time and Total Response Time
should be updated together.

For example, if the time gap between Stage 4 and Stage 5 needs to be changed to 15
days, Nonlinear Control for Stage 4 should be updated.

Default settings for Stage 5 are shown below.

Analyses ¥ B X 7 LUSAS View: 3D_Full.mdl Window 1 X
j ] . .
[Slerou... $bAttri.. (QAnaly...e tiliti.. ERepo.. [SlLayers Nonlinear & Transient
= 04 CRSH Analysis ~
& —7 Material Incrementation Solution strategy
t JL ??;nnular Part(CRSH) Nonlinear [[] Same as previous loadcase
58 Supports Incrementation Manual v Max number of iterations 12 |
ma Loadlr.\g Starting load 0.1 Residual force norm 0.1
%0 Deactivate
4 Nonlinear and Transient Max change in load factor 0.0 Incremental displacement 0.0 ‘
=148 52:Circular Part(CRSH)
+ 0 Loading Max total load factor 1.0 Advanced...
# 0 Activate
Adjust load based or
4 Nonlinear and Transient s Incremental LUSAS file output
=ro) 53:WaII‘71 Iterations per increment 4 [ Same as previous loadcase
# 1 Loading
01 Activate Displacement reset Output file 1 ‘
4 Nonlinear and Transient Adh d...
4 54:Wall 2 e Plot file 1000
0 Loading Time domain
0
5 01 Activate Viscous ReSiarte N
% Nonlinear and Transient oo Max number of saved 0
4 55:Wall_3 Initial time step ‘ 10.0 - ‘
#Q Loading Total response time ‘ 50.0 l=5fis 41
&) Activate i 1 ‘
I 4 Nonlinear and Transient I— Automatic time stepping History file
i Advanced
#01 Loading vanced.. [[Jsave a restart at the end of this control
13 Activate
4 Nonlinear and Transient Common o 2t
# 57:Wall_5 Max time steps or increments | 100000
#0 Loading
0 Activate
4 Nonlinear and Transient Cancel Help
=1{= 58:Wall 6

Fig 34 Nonlinear Control for Stage of Wall 2 (Default)

QO Initial Time Step : Analysis is performed at every 10 days.

O Total Response Time : This stage lasts up to 50 days from the start of 1%
Stage.

The number of days that the current stage lasts for is the Total Response Time of
current stage minus Total Response Time of the previous stage.

By modifying Total Response Time to 55, this stage lasts for 5 more days. (e.g. a total
of 15 days)

Note that the Total Response Time for the subsequent stages should be also updated.
Otherwise the 6 Stage will last only 5 days.

Modifying Initial Time Step is optional and depends on the accuracy required. With a
smaller time step, the creep and shrinkage material properties are updated frequently
(e.g. using smaller time gaps) hence the accuracy would increase, however the solution
time will increase accordingly.
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CRSH Analysis

Tip
The unit of time is set on the Model Properties dialog by selecting the File > Model
Properties menu item.

Properties X

General Backups Geometry Meshing Attributes Options T *|*

Title | |

Precision shown in dialogs

©Signiﬁcant figures E -

Only show compatible options () Decimal places =
Model units N,m,kg,s,C

Analysis category |3D b

Vertical axis Gravity m/s?

Output in feet and inches i
" e
| Timescale units Days b | OY axis

Decimal marker  |As Windows > @7 axis

Close Cancel Apply Help

Fig 35 Model Properties

Age

The Wizard built model assumes that each member is activated at the same concrete
Age. The Age property represents the concrete age at the time of activation. (i.e. the
time gap between pouring the concrete and removal of formwork.) If a different age is
required for some members, another Age attribute should be defined and assigned
manually for those members.
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Template for Design Load Combinations

Design Load
Combinations

Template for Design Load Combinations

The template for Design Load Combination is saved in the current working folder
where the Base Model was built, with the name [Model name]_ComboTemplate.xlsx,
as shown below. The template can also be downloaded from the Design Load
Combination dialog.

Load Factors Worksheet
|
i 7 ] 3 7 s\s\v\s\PQ_‘_«u\u 2 [ s [ e [ 5 6 [ 7 [ 1 [ 18 e .

5 % [ o7 [ 5 [ % [® [31]3
e Vs

Description Creep and NG Gas | Live | Snow
Outer tank Others Prestress Roof framel concrete Test e || oo i) |

Shrinkage Tempearture | Wind | OBE

= A o

R0
Lo | Lond wing
ol etk Vertcal | Eary | Latgg " i coner fo| “atc | e |Max| Min |vax | Min |20 | L% | i | vin tor. | vd
ot i 10 1 OT7

uc12 WO_roof + 135 100 U T T
Uci3 RB_1sL_PS == ey 130
1

1
I Ioi- ]
IE) | Code and Details " ) 1 Load Factors | 1
u-c2-1 N ! 130 150 s Bt et et el ]

WO _roof + 135 [ ‘ ‘ ‘ ‘ i
1

gz | Ot T00 T80 1 1
Uc23

Rodf_frame 1§ 100 130 1 150 1
[u-ca4_| J00 1.00 150

PP NN

Fig 36 Template for Design Load Combinations, Load Factors

U Loadcase Index The numbers in this row are used to match a Modeller
loadcase number with a loadcase and its associated details in this template. The
row should contain a series of numbers with no duplication.

Code and Details Code and Details are used for naming the combination data
in Modeller.

Load Factors Load factors for each loadcase is defined here.

Others All other data are for users reference, and not used for processing.
Loadcase to consider can be added. (more columns as necessary can be added.)
Load combinations can be added. (more rows as necessary can be added)

oo O
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Design Load Combinations

Loadcases Worksheet

LF Column JLoad Category
SelfWeight 6 Outer tank Full

LC No. |Loadcase Name

User Guide for 'Loadcases' sheet

1

2|Dead Loads of Steel Structure 7 Others 1. Loadcase Name (Column B)

3|Dead load of liner and steel roof 7 Others - Should be identical with loadcase name in the model
4|Dead load of steel structures on the roof 7 Others 2. LF column (Column C, Load Factor Column)

5|Dead load of Insulation 7 Others - Refer to the number at 1t row of 'LoadFactors' sheet

on outer tank wall due to insulation 7 Others - Put 0if the loadcase is not used in the combination.

7|Wall piping loading 7 Others 3. Note

8|Liquid ) 22 LNG Max - Loadcases not to be used in the combinations can be removed from 'Loadcases' sheet.
9|Liquid bottom(Min) 23 LNG Min - Loadcases can be added at any row, as many as required.
10|Gas Pressure(Max) 24 Gas Max
11|Gas Pressure(Min) 25 Gas Min User Guide for 'LoadFactors' sheet
12|Live load 26 Live Load (roof) 1. LF column index
13[Snow load 27 Snow Load (roof) - The top line should be maintained with unique number
14|Test load (Liquid) 20 Hydrostatic 2. Code Name / Details.
15(Test load (Pneumatic) 21 Pneumatic - This columns are used for defining the name of combination.

16|Dead Loads(1-7)

3. Note

17|Max External Max Base Heating Temperature 0 - Row 2-4 are for user's reference only, and free to update.
18|Min External Max Base Heating Temperature 0 - Combination data should start from the Sth row.

19|Max External Min Base Heating Temperature 0 - Loadcases to be factored can be added as many as requried.
20(Min External Min Base Heating Temperature 0 - Combinati be added as many as required.

21|SSE_H 34 SSE Hor.
22|SSE_V 35 SSE Vert.
23|0BE_H 31 OBE Hor.
24|OBE_V 32 OBE Vert.

LoadFactors [Toadcases| ® [«]
Fig 37 Template for Design Load Combinations, Loadcases

U Loadcase Name The loadcase names defined in Modeller. The loadcase
number may change during the process of updating the model, so the loadcase
name is used in the definition of the Load Combination. Note that the loadcase
names used must be the same as the loadcase names defined in Modeller.

O (LF) Column This column is used to match a Modeller loadcase to a
corresponding loadcase on the LoadFactors worksheet by entering Loadcase
Index on the LoadFactors worksheet. For example, the Self Weight loadcase in
Modeller is used in the ‘Outer Tank Full’ combination defined in LoadFactors
sheet. By entering 0 (zero), the loadcase is ignored and will not be used in the
combination.

U Load Category All other data are for users’ reference only, and not used for
processing.

Update Base Model

The template is imported into Modeller by selecting the LNG Tank > Design checks>
Design Load Combination...

LNG Tank - Design Load Combinations X

Template Download

‘ Browse...

OK Cancel Help

Combination data

Fig 38 Dialog for Design Load Combination
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Update Base Model

O Template Download Downloads the template to be used for creating load

combinations to the current working folder.
O Combination data Select the load combination template.

On re-loading this template, the Code and Details columns in the LoadFactors

worksheet will be compared with combination names in Modeller and the load factors
will be updated. If any new combinations are present, they will be added. However,

any existing combinations will not be deleted.

The design load combinations are created as shown below.

Analyses ¥ & X| Combination X
| [@tayers [BlGrou.. &attri.. (5 Anal. o Utilit.. (3 Repo...
ET‘ ¥ 65:Final Long term(Staged) ~ Method [Factored o
Ry Norlinear analysis options
= 05CRSH Analysis
= 06 Eigenvalue Analysis EEsis fuicxicd
453 Post processing =)-Post processing ~ D Name Factor
--£F) 96:WO Roof Base PS ONLY S6AVIO Roof Base PS ONLY B (55 [0 Fioof Base PS ONLY 3
4F) 9740 Roof Tank ONLY S7:WQ Roof Tank ONET P W RD 5
A v loof Tank ONLY 135
) 98:W0 Roof RingBeam 1stPS ONLY S8:WO Roof RingBeah 1stPS ONLY S8 Biosf EingBeam 14 B5 GILY i
-2E) 99:W0 Roof RingBeam Al PS ONLY 99:W70 Roof RingBeah AllPS ONLY
-£E) 100:0 Roof Frame1 ONLY ++ 100:W0 Roof Frame 4 GhLY
-£H) 101WO Roof Dead Load Others 101:WO Roof Dead Lpad Others
25 10200 Roof Frame2 ONLY 102:WG Roof Frame3 GhLY
-£F) 103:W0 Roof Frame3 ONLY ++ 103:WC Roof FrameJ ALY >
+-5) 1040 Raof Wall and Lower Roof 104:WG Roof Wall arfl Lower Roof
) 105:R00f Lower Wet Concrete ONLY 105:Roof Lower Wet Fancrete ONLY <<
+F) 106:Ro0f Upper Wet Concrete ONLY 106:Roof Lipper Wet Fonarete ONLY
<o) 107:RingbeamPS VerticalPS ONLY 107:RingbeamPs VergcalPS ONLY
-5F) 108:CRSH Early ONLY -+ 108:CRSH Early ONL
109:CRSH Late ONLY|
112:U-C1-1 Tank WO roof +RB 1stPS e +RB 1stPS
—EMW - 114:-C1-3_Tank WO roof +R8 1stPS v .
i) 114:U-C1-3_Tank WO roof +RB 15tPS < ) =1 1< 4
-£F) 115:U-C1-4_Tank WO roof + RS 1stPS
;‘% 116:U1-C2-1_Tank WO roof + RS 1stPS + Roof?frame!
) 117:U-C2-2_Tank WO roof +RE 1stPS +Roof?frame; =
-8E) 118:U-C2-3_Tank WO roof +RB 15t PS + Roofframe: Mame |U-C3-1 Tank WO roof 4R 1stPS ~| = 012
o) 118:U-C24 Tank WO roof +RE 1stPS +Roaf?frame?
) 110:Envelope (Max)
) 111:Envelope (Min) Close. Cancel Apply Help
. pe

Fig 39 Load Combinations Created in Modeller
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Design Check

COP Parameters

Design code parameters can be defined by the selecting the menu item LNG Tank >
Design Checks > Enable...

LNG Tank - Design Code

Design parameters
Design code EN1992-1-1 (2005) ~

General

Partial factors for materials Persistent/Transient v

Steel
Yield stress of tendon (fyp) MPa
Elastic modulus of tendon (Ep) MPa
Concrete
Roof concrete grade MPa
Wall concrete grade MPa
Slab concrete grade MPa
Long term effect coeff. (a_cc)

Computation target for visualization

@Ange [0 ] (e.9 0:90:100) O Selected O Visible

[]fse is used and PS is being applied as an external loading (Shift will be applied to results)

[]Exclude base slab results at pile heads and walls

Assumed diameter at crosswise piles 0.7 [m]

Assumed diameter at circumferential piles 0.8 ]

Defaults Cancel Help

Fig 40 Dialog for Design Parameters
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cooo0 O OO0

My W]

Partial Factors for Materials : The partial factors for materials are defined
based on Table 2.1N on EN1992. For Persistent & Transient, 1.5, 1.15, 1.15 are
given to y. for concrete, ¥ for reinforcing steel, ys for prestressing steel
respectively. For Accidental, 1.2, 1.0, 1.0 are given.

Yield Stress of Tendon (fyp) : Yield strength of prestressing steel in MPa.

Elastic Modulus of Tendon (Ep) : Elastic Modulus of prestressing steel in
MPa

Tensile strength of tendon (fpu) : Tensile strength of prestressing steel in MPa.
(ACI 318-14 only)

Stability coefficient (¢) : Stability coefficient (GB50010-2010 only)
Roof concrete grade : Concrete strength in MPa.
Wall concrete grade : Concrete strength in MPa.
Base concrete grade : Concrete strength in MPa.

Max Concrete Compressive Strain : Ultimate strain at concrete failure (ACI
318-14 only)

Long term effect coeff. (acc) : Long term effect coefficient (EN1991 only)

Computation Target for visualization: The design check computations will be
performed for the targets of

e Default: The node at Y=0 and X>=0.
e Selected: The nodes that user selected before opening this dialog
e Visible: All visible nodes in Modeller.

Elastic Modulus of rebar (Es) : Elastic Modulus of reinforcing steel in MPa.
fse is used and PS is being applied as an external loading:

e When ‘fse’ is specified in the reinforcement template and the PS being
applied as external loading, the code-checking that creates the PM chart
will double count the PS effect.

e Ticking this option shifts the results to avoid double counting the PS
effect.

e When a loadcase (or load combination) does not have PS as external
loading, this option should be disabled (unticked).

e It makes no difference if ‘fse’ is not specified in the reinforcement
template.
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[Rebar Attribute Name [ Lot 1 (Hoop)
o E : . PM Chart for Lot 1 (Hoo)
As A Ap B Ep e v v Thickness ( p)
3671 7549 3326 | 200000 | 195000 | -00035 | 150 115 800 25,000
4 @ & e W oy fou e
697.10 7450 288.00 -40 500 1674 [ 1208 .
20000
As A5 Ap. & & ec v " “Thickness 1900
3671 7549 3324 200000 195000 -0.0035 150 115 800
4 @ & e & oy fou e 1000
o710 | 7450 | 28800 | <0 <nn = 0 1298
Orginal  T_______ Shifted / v
nodal results nodal results / i
] ] ™
= . D e | Thickness Mi P | mi P Utlp N )
(mm) (kN.m) & kN) 5000 4000 \_-3,000 2,000 1,000 q 1000 7000 3,000 4,000
3014 950 wall | 1seifweight|  s00.00 108 167801 -48214| -414662 072 N
3014 048 wall | uselfweight| 80000 103 169.44] 48219] 4145 072 550
Shift to remove PS effect from nodal results -

Shifted force, Pi’ =Pi—fse * Apd
Shifted moment, Mi’ = Mi — fse * Apd * ecc_ps
Design Checks for Tank

Once design code parameters have been defined and the OK button is pressed a Tank
Design Entity will then be available for selection in relevant result processing dialogs.
The associated available components are shown below.

|Layers ¥ B X properties X
Gr'ou... “Attr\... @Analy...#utmn... Repo... Layers
=30_Full.md Contour Results Appearance
|| =0 3D_Full.mdl Window 1
{5 Geometry Entity Tank Design - BS EN 19¢
fitiond Component
& Deformed mesh :
: _ UtIPM t
-5 Attributes Display UtIPM rz
¥ Contours : UtiIPM_t (Tank Design - BS EN 1992-1-1 (2005)] Poapa::ity t
7 Annotation Transform Pcapacity_rz
{5 Utilities Mecapacity_t
% View properties Mcapacity_rz
UtilDC t
- UtiDC_rz
DISPIaY © UtilShear_t
Draw in s|ytilshear_rz
ShearResist_t
ShearResist_rz
ComDepth_t Apply Help
T ComDepth_rz

Fig 41 Components for Design Checks

Whenever a results component is chosen, or a loadcase is set active, the design check
for a selected component will take place. Design checks are carried out on a node-by-
node basis using analysis results and relevant design code formulae.

UtilPM (PM Utilization)

UtilPM can be checked with reference to a PM chart, as illustrated below. A value of
less than 1 means it satisfies the design code.
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-1,000

UtilPM = R1 / Re 5000

-10,000

PM Chart for Lot 4 (Vertical)
10,000

000

6,000

Thk = 406.4 @ Nodal Results e Capacity

Fig 42 Definition of UtilPM

O UtilPM_t is the force and moment utilization in the hoop direction, and
UtilPM_rz is the utilization in the radial direction for the Roof and Base Slab
and for the vertical direction for the Wall.

O Pcapacity_t and Pcapacity rz is for the computed Pc at the given P1/M1 slope,
Mcapacity_t, Mcapacity_rz is for the Mc at the given P1/M1 slope.

Analysis: 03 Staged Construction Analysis

Loadcase: 50:Final(Staged), 19:Increment 1

Results fle: 3D Full~03 Siaged Conatradion. Analysis.mys
Entity: Tank Design - BSEN 159211 (2008)

Component: Util

0.0487506
0.0975011
0.146252

0.438755

Maximum 0.439327 at node 5766 of
Minimum 0.571729E-3 at node 5887

Analysis: 03 Staged Construction Analysis

Loadcase: 50:Final(Staged). 19:Increment 19

Results file: 3D_Full~03 Staged Construction Analysis.mys
Entity: Tank Design - BS EN 1992-1-1 (2005)

Component: UtiIPM_rz

0.055906
0.111812
0.167718

0.503154
Maximum 0.503604 at node 5778 of ele

Fig 43 Contour for UtilPM _t, UtiIPM_rz

UtilDC (Decompression Utilization)

UitilDC is available only for the section contains prestress tendons.

Please refer to LNG Tank System Manual (Concrete Tank) for more information.
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ShearResist (Shear Resistances)

Shear capacity for the tank components is based on concrete shear resistance as per
COP specifications.

Analysis: 03 Staged Construction Analysis Analysis: 03 Staged Construction Analysis
Loadcase: 50:Final(Staged), 19:Increment 1 Loadcase: 50:Final(Staged), 19:Increment 19

Resuls file: 3D_Full~03 Staged Coneiacion Analysis.mys Resulls file: 30_Full~03 Staged Construction Analysis.mys
Entity: Tank Design - BS EN 1992-1-1 (2005) Entity: Tank Design - BS EN 1992-1-1 (2005)

Component: ShearResist_t (Units: N/m) Component: ShearResist_rz (Units: N/m)

443 64E3 442.628E3
465.822E3 468.665E3
488.004E3

494.701E3

510.186E3 520.738E3
- 532.367E3 = 546.775E3
554.549E3 572.812E3
576.731E3 598.849E3
598913E3 624 88653
62100563 [ C509203

Maximum 628.172E3 at node 5799 of

Maximum 670.472E3 at node 5800 of e
Minimum 428.534E3 at node 5554 of i I

Minimum 436.14E3 at node 5512 of el

Fig 44 Contour for ShearResist_t, ShearResist_rv

UtilShear (Shear Utilization)

Shear utilisation factors are given as the absolute ratio between the shear forces (Sp, St,
Sz, Sr) and the relevant shear resistances (ShearResist_t and ShearResist_rz). A value
for UtilShear > 1 denotes failure in shear.

Analysis: 03 Staged Construction Analysis

Analysis: 03 Staged Construction Analysis Loadcase: 50:Final(Slaged). 19:ncrement 19

Loadcase: 50:Final(Staged), 19:Increment 19 Results file: 3D_Full~03 Staged Conslluchcn Analysis.mys
Resulls file: 30_Full~03 Staged Construction Analysis.mys Entity: Tank Design - BS EN 1992-1-1 (2005)

Enfity: Tank Design - BS EN 1992-1-1 (2005) Component: UtilShear_rz

Component: UtiiShear_t

0.547169 S asse
12 e
W ot e
273585
326105
3.28301 3.80456
3.83018 4.34807
4389158

Maximum 4.9246 at node 5778 of elem@ u;’::::::‘;ae‘(g&asgaé 2??,%3;2%51' %I;e

Minimum 0.0 at node 5733 of element 18

Fig 45 Contour for UtilShear_t, UtilShear_rv

Design Check Report

A spreadsheet report that includes a PM chart can be produced by selecting the menu
item LNG Tank > Design Checks> Design Check Report...
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LNG Tank - Design Check Report X
‘Repan
Report filename
Working folder (® Current (O User Defined
Save in ‘C:\Users\ohsso\Documems\LusasZOO\Projecls\Reportf[AngIe]f[GroupName].xlsx
Target
(® Angles Group |BaseSlab v O Visible
degree (eg. 10;20; 30)
Nodal Averaging [[] Exclude base slab results at pile heads and walls
(®) Unaveraged element results Assumed diameter at crosswise piles 0.7 [m]
(O Averaged results from all elements
Assumed diameter at circumferential piles 0.8 m
@] Averaged results from visible elements
PM Check Report Shear Check Report Utilization Summary Report
[JPeak element arly []Peak elemert only [JPeak element only
[JPeak loadcase only []Peak loadcase only []Pesk loadcase only

Loadcases / Combinations containing results

[] Combinations only PM Chart Type

1:SelfWeight 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)

15:Test load (Pneumatic) Cancel Help

16:Dead Loads(1-7)

Slicing Line
Angle (Positive Direction)

X axis (0 Degree)

Fig 46 Dialog for Design Check Report

O Target The design check computations will be performed for the targets of
e Default: The node at Y=0 and X>=0.
e Selected : Any nodes that were selected before opening this dialog
e Visible: All visible nodes in Modeller.

O Nodal Averaging

- Unaveraged element results: Unaveraged element results will be output and
used to compute Utilizations. ‘Peak element only’ option is available only with
‘Unaveraged element results’ option for Nodal averaging.
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- Averaged result from active elements: Averaged element results for active
elements will be output and used to compute Utilizations. ‘Peak element only’
option will be disabled.

- Averaged results from visible elements: Averaged element results only for
visible elements will be output and used to compute Utilizations. ‘Peak element
only’ option will be disabled.

U Avoid pile/Slab, wall/slab intersection: If this checkbox is ticked, the results
of the base slab nodes located in the pile heads or in the wall and slab
intersection area where there could be unrealistic high stress concentration will
not be printed in the report.

- Crosswise piles diameter: Diameter of the crosswise piles.
- Circumferential piles diameter: Diameter of circumferential piles.

O PM Check Report: ‘PM Check Report’ has been updated to have ‘Tendon(%)’
column for ‘Nodal results’ to indicate how much the % of tendons are
functioning at that stage/ in that loadcase. Moment shift and force shift % have
been added to the PM check report as well. Depending on the term of prestress,
either ‘fse short’ or ‘fse long’ can be selectively considered to compute PM
capacity.

U PM chart type

LNG Tank - PM Chart Type X

PM Chart to plot in the report

(@ Max/Min Thickneess (short term PS) Tendon(%) to use in PM Chart
O Max/Min Thickness (long term PS) 100

() Short/Long term

OTendonINo-Teman (short term PS)

(O Tendon/No-Tendan (long term PS)

* This options do not affect the utilization results

Fig 47 PM chart type dialog
PM Check Report: ‘PM Check Report’ has been updated to have ‘Tendon(%)’

Following 5 types of PM chart are available. The following options do not affect the
Utilization results.
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Max/Min Thickness (short term PS): PM Chart will be created for Max and
Min thickness of each part (Base slab, Wall, Roof and Ringbeam) for short
term Prestress

Max/Min Thickness (long term PS): PM Chart will be created for Max and
Min thickness of each part (Base slab, Wall, Roof and Ringbeam) for long
term Prestress

Short/Long term: PM Chart will be created for Max and Min thickness of
each part (Base slab, Wall, Roof and Ringbeam) for long term Prestress

Tendon/No-Tendon (short term PS): PM Chart will be created including
tendon and excluding tendon of each part (Base slab, Wall, Roof and
Ringbeam) for short term Prestress

Tendon/No-Tendon (long term PS): PM Chart will be created including
tendon and excluding tendon of each part (Base slab, Wall, Roof and
Ringbeam) for long term Prestress

Tendon (%) to use in PM Chart: Percentage of tendon (%) to use PM Chart.
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PM Chart
Tendon = 100% (Short term)
Thk=1200 Thk =1200
Mn Pn Mn Pn
(kN.m) (kN) (kN.m) (kM)
28220 -2,85550 28220 -2,855 EDl

PM Chart for Slab_Zone 1 (Hoop)

40,000
35,000
730,000
25,000
20,000
15,000

10,000

Axial Force (+: Compression)

5,000

D w

-8000.0 -6000.0 -4000.0 -2000.0 8.0 2000.0 4000.0 6000.0 8000.0
-5,000

Moment (+ :Inner Tension)
——Thk=1200 Thk=1200 *  Nodal Results

492010 7,454.10 4,920.10 \ 7,454.10 |
PM Chart for Slab_Zone 1 (Hoop)

5,000
4,000
3,000
2,000
1,000

Qe n

-3,000 2,000 -1.o00 q 1,000 2,000 3,000 4,000

S
o
8

-1,000

Axial Force (+: Compression)

2,000,
-3,000
-4,000

Mement (+ :Inner Tension)
——Thk1200 (M+) ——Thk1200 (M) Thk 1200 (M4} Thk 1200 (M-} + Nodal Results

Fig 48 PM chart

O Shear Check Report: It has been updated to include ‘Tendon area’ to compute
shear capacity based on ACI when generate shear check report.
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Design Check Report

If ‘Default’ is selected for Report Target, pre-defined target nodes will be used for each
of the 15 types of different reinforcement arrangements in the current model, and the
report will contain 30 worksheets for producing PM charts for two directions
(hoop/vertical or hoop/radial) for all 15 rebar arrangements.

o0 D000 O O

Fig 49 Design Check Report with PM Chart for Lot 1

Section Information at maximum thickness (1) The maximum thickness from
the selected nodes is printed, for which the PM chart is displayed.

Section Information at minimum thickness (2) The minimum thickness from
the selected nodes is printed, for which the PM chart is displayed.

Node Node number for UtilPM computation

Element Element numbers sharing the node

Group Group name where the node is included in.

Thickness Section thickness at the node location

Mi Bending moment at the node

Pi Axial force at the node

Mi’, Pi’ The shifted Mi, Pi when ‘fse is used and PS is being applied as an
external loading’ option is ticked from the Design Code dialog.

UtilPM PM Utilization

PM Chart Two PM Charts are presented; one for the maximum thickness
section, the other for minimum thickness section of the selected nodes. The
value for Pcapacity in Modeller has different sign from the value of Pcapacity
stated in the PM report
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