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Tank definition dialog updated

LNG Tank System
update releases

Updates to the LNG Tank System may be released between major LUSAS software
releases in order to allow new features to be used by LNG clients as soon as they
become available. New features in each update are documented in this release note.

Each major LUSAS software release will include the latest LNG Tank System software
available at that time.

New releases of software can be downloaded from the LUSAS website at
https://www.lusas.com/protected/download/index.html



https://www.lusas.com/protected/download/index.html
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Tank definition dialog updated

New features in
LNG Tank System
Release 2609

Tank definition dialog updated

The tank definition dialog has been updated to allow selection of tank materials

(currently concrete, but with steel planned for a future update), tank elevation types

(aboveground, elevated/isolated), and specification of target model types.

How to use
Select the menu item LNG Tank > Tank Definition...

“Tank Definition ﬁ
Tank lype Taugel models o buld
Matsid Cenciste - x [ Avisymmehic Coupled ThematMecharical
Elevation: [ Aboveground - [£]20 BeamSiick Seiomic 51 30 Shel Stuctura F
Tark Deinticn Load | Prestess
Base slab and Rlocd |w.!.dth beam ‘ Matstisk | Suppo [2D)
Base siah (Unis: m]
Cieular pat length [L_innei] EX) a
Cieular pant depth [0_roer] 12 !
Tapered sechon length [W_t) 3 [} Linner | Lowter |
Arrwlar pait lergth IL_ouler) E7 'S
Arewlar pait depth [O_oules) 15 U,‘,‘,I GL
Base hiesing [0_hecting] [ : D
Base heating L_hesirg) 55 . Dgroune
Ground level[D_giourd] 03 ! W,
Rieol Urite: m]
Rads of wner rodd (A_ool_i] 86 406
Radies of outer oof (A_toal_o] 86,906
Heightbom e bop of the base b o the 562505
cha of e 100 . Height =
Distance of tapesed secton 1 (41) 10079
Distance of tapesed section 2 (42) 06
Setaso || Setdelauns
Nae TrkL v [ ey

[ Corcel [ Apph ][ Hep |

Figure 1 Updated Tank Definition dialog
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Specify target models to build

The type of model to be built is now selected as part of a tank definition. Tabs and
options on the dialog are added / removed to simplify its use according to the model
type selected.

Define elevated / isolated tanks

In addition to above ground tanks, elevated/isolated types of tank can now be specified
from the Tank Definition dialog.

How to use
e Select the menu item LNG Tank > Tank Definition...

o Select Elevation type Elevated / Isolated

Tank Definition ===
Tank type Target models to buid
Material Concrete - [ 20 Coupled The
Elevation Elevated / Isalated - [ 20 Seismic [7] 3D Shell Structural
Tank Defintion  Load | Prestress
Base slab and Reol | wall and Ring beam | Materials | Support [znl‘
Ease slab (Units: m)
Circular part length [L_inner] 398 cL
Circular part depth (D_inner] 12 '
Tapered section length [w_t) 06 ] Linner | Louter |
Annular part length [L_outer] 67 [ -
Annular part depth ([D_suter) 15 Dinne D
outer
Base heating (D_heating) 0386 ;
Base heating [L_heating] 455 -
Ground level (D_graund) 09 ! Wy Dground
. GL
TR
Flaok [Units: m]
Riadius of inner 10of (Fi_rast_i] 26,405
Riadius of suter raof (F_raof_a) 26.905
Height from the top of the base slab 1o the 56,3545
tapmast of the racf [A_Heig
Distance of tapered seetion 1 [si1] 10073
Distance of tapered section 2 si2) [
Mame  Trki «| B thews
[ ok | [ Coneel | [ feew || Help ]

Figure 2 Specifying an elevated / isolated tank

e By selecting the ‘3D Shell Structural” check box, then the Support (3D) tab,
and selecting Support type ‘Detailed foundation’ the Foundation tab is added to
the dialog, allowing foundation details to be selected and specified:




Add foundations to 3D shell models

Tank Definition ===
Tank type Taiget models to buid
Hateil [SES Couplet T
Elevation Elevated / lsolated = [7] 2D Beam-Stick Seismic 3D Shell Structural
Tank Definition | Load | Prestesd || suppon (301 [Fround
Bace Supch Foundation
Include  Height/Thickness [m] Section Shape D1 [m) D2 [m]
04 e - |oo oo , —
] 1.0 Circular Salid -os 08 | 1
Fiaft 1.0 Na - |00 0.0
Pile [Cir) HA Circular Hollows - |os [E]
Pile [Cross] HA Circular Hollows - |o7 0013
« i »
Subgrade stiffress [
Wertial stiffiess [MN /m/mé] 100.0 Horizontal stiffnsss [MMN/m/n] M
Circumierential Piles Wertical [kN/m] 523.018E3 Crosswise Files Wertical [kN/m] 523.018E3
Horizan tal [N /] 42297E3 Harizantal (KN /rm] 4229763
- Materisl properties are defined in Material tab
- Pile heights and harizontal support will follow the inputs in Ground tab
- Pl lacations will follows the inputs in Pile Lacations tab
Hame Tkl - 2] (newy
[ ok [ Cancel | [ Apel | [ Help |

Figure 3 Tabs added and removed according to selected model type

Add foundations to 3D shell models

Pile foundations can now be added to 3D shell models. For elevated tanks, details of
isolators, pedestals and a raft can also now be specified.

How to use
e Select the menu item LNG Tank > Tank Definition...

The details of foundations should be defined in the Tank Definition.

Create 3D Model

When a 3D shell model is built from the menu item ‘LNG Tank > Static Analysis’ or
from ‘LNG Tank > Base Model for Design Check’, the model will also include
foundations if details for these are specified in the Tank Definition.

How to use
e Select the menu item LNG Tank > Add Foundation to Shell Model

Models previously created without foundation details can have foundations added by
using this option.
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e O

J88L 808!

Figure 4 Foundations added to the existing shell model

Design checks to GB50010

In addition to existing design checks to ACI 318-14 and EN 1992-1-1, design checks to
GB50010 (a Chinese code) have been added.

How to use
e Select the menu item LNG Tank > Enable Design Check...




Design check for target angles

LNG Tank - Design Code e

Dlesign parameters

Design code GB50010-2010 -

General

Loading conditions Pemsistent,/ Transient

Significance coefficient (y_0)
Uncertainty coefficient (y_Rd)
Stability coefficient (@)

Steel
HPB300

Conventional reinforcement type

Prestressed reinforcement type

Area of shear reinforcement per surface area [mmd/m?]
Concrete

Roof concrete grade

‘wall concrete grade

sl (o — = =
o| |5 = 2| =
=
E
4| [ 4

Slab concrete grade

Advanced

. 0
Axial stress tolerance (% of fc)

Computation target
@ Angle 0 (e.g 0;30;100) () Selected () Visible

fse is used and PS is being applied as an external loading

[ Defeuis | [ ok | [ camcel |[ Help

Figure 5 Design Code settings dialog for GB50010

Design check for target angles

For LNG tanks that can be regarded as and modelled as being axisymmetric, a design
check for every node is not necessarily required. Instead, design checks for a few
selected angles (as measured anti-clockwise in the xy plane from the x-axis) may be
sufficient, saving time in producing and viewing results.

How to use
o Select the menu item LNG Tank > Enable Design Check...

A range of target angles can now be specified. Results are only calculated for the nodes
located at the selected angles.
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LMG Tank - Design Code

Degign parameters

[EN1992-11 2005 = |

Dresign code

General

Partial tactars for materials | Persistent/Tranzient |

Steel

“ield stress of reinforcement [fy) 360.0 MPa
ield strezz of tendon [fup] 1.32E3 MPa
Elastic modulus of reinforcement (Es) 200.0E3 MPa
Elastic modulus of tendon [Ep) 195.0 MPa

Concrete
Raoof cancrete arade 131 tMPa
whall concrete grade 231 MPa
Slab concrete grade 131 tPa
Long term effect coeff. [o_cc) 1.0

Cannputation target
@ Angle  0:4530 fe.g 0:90:100] Selected ‘Yigible
| fze iz uged and PS5 iz being applied as an extermal loading
| Drefaultz | [ 0k l | Cancel | | Help |

Figure 6 Design Code dialog showing Computation target for three specified angles




Load combinations from spreadsheet
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Figure 7 Example of design results at angles 0 and 90

Load combinations from spreadsheet

When forces have been extracted to a spreadsheet or spreadsheets, load combinations
can now be defined using the LNG tank system facility to create a combination from
the extracted forces. When a large results file is loaded this can be quicker than
extracting combination results from Modeller.

How to use
o Select the menu item LNG Tank > Export forces to Excel(2D) or LNG Tank
> Export forces to Excel (3D)

This produces a spreadsheet report for forces/moments as illustrated in the figure
below.
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LNG Tank | Window  Help

Tank Defintion.. [EEE———— =

1 O Serare 3=
Static Analysis... WAl be Cument @ Dswr Detendt
Staged Construction Anadysts... e % - =
Tupt ron
Thermal Analysis... Bese sk © Vel + Raghoem ool PO Y erat a -
Seismic Analysis... dopee leg 183 0)

Export Forces to Excel Q0)

Export Temperatures 10 excel (D) ) Lt
Export Forces to Excel BD)... ] Stcing Line
Ange (Positive Direction)
Base Model for Design Check...
% i

Add Themal Loading... = S @ Dopen)

Add Seismic Loading... [ —_ Lot s

Add Staged Construction Loading... |

Add CRSH Loading...

Oesgntosacomoimation. 1 of Combination from Extracted Forces ... |
Update Reinforcement...

jll Moment of Wall_Ringbeam (Vertical)

3 Sugn Convention

a () Innar side Teasion

5

6

7

8 Gy SHINLO 0eg Deadd0 ceg Desdsd degy Deaddd ovg Dead
2 067 178 a0t 425 543
10 12204 15367 18535 21704 24874
1"

12

13

14

15 -

18 Angle 2 : Loadcase 1~5
18 7753 9500 1249 12998
19 4478 8198 w0l -ma
20 <603 6890 s192 9439
21 “527 5505 404 BiE
22 2452 4293 5138 “a79
23 2240 Aan FEEYS aralis

Shearforce_Hoop

SheRFOrce RV | MOMeNtHOop | Moment-RV

~ 2 - ' - 100%

\{ 6 Section Forces

Figure 8 Force export options and the section force report produced

How to use

e Select the menu item LNG Tank > Combination from extracted forces

The extracted force files are used as the input for the dialog below.




Load combinations from spreadsheet

LNG Tank - Comnbination from Extracted Forces X
QOutput filename |
‘Working folder @) Current  (©) User Defined
Save in D:WLNG TestWnoraml test

Design Load Combination

Template Download

Combination Data

Loadcase Forces

[F] Roof Forces
[ Wall+Ringbeam Forces

[F] Base Slab Forces

* Exiracted loadcase forces are converted to combination forces

[ oK ][Canoel ][ Help ]

Figure 9 Dialog for spreadsheet combination

Combinations with spreadsheets

The design combinations are computed and reported in a single spreadsheet for each
structural component (roof/wall/slab).

Moment of Wall_Ringbeam (Radial)

[ryee Moment Sign Camventon
|Location ‘Wall_Ringbeam (+): Inner side Tension
== Radal
|unit Kimim T

4002y UC3!
7288] %40 5848 7285 7295 8 % 7285 7285

T

son| asre| e sasne s

S s ) S U e O e 2 e T e s e e e T e o o e o e
000 000 745, —

02| ol el ol Gl ikl il winl wral dew] e SRR RN

T om| mess|  seessl e sl  dwanl ewzesl el swssol s Niozso| sl emsn| sorsel smeaal assl s

150 ooo|  sares sa79s| sres | bi . 98.43 5315 | bi N s

20| om| | um| b . ~n e : ~n [

ol ewl amwl amal <no) Angle 1 @ Combination 1~n 2% Angle 2 : Combination 1~n

Soo| Go| | dee| e | e g T oirs TSz e

sso| om| mes| oves| ames| sts| oars| awaes| aeos 2215 s ets| amos| mas| amm| s
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o om| Cwe| e | user| weses| wam| e T Teos| haeos | teos| tetes

500 0.00 15521 15521 15521 11497 11497 18521 15521 11497 11497 11497 18521 11497 11297
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Figure 10 Combination results file
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Merge extracted forces

It is common to require and obtain forces from different models, for example, thermal
forces from a 2D axisymmetric model and structural forces from a 3D shell model. A
subsequent requirement is to create a design combination using this data.

Two spreadsheets containing extracted forces can now be merged into one spreadsheet,
which can be used to create a design combination using the menu item LNG Tank >
Combination from extracted forces

How to use
e Select the menu item LNG Tank > Merge Extracted Forces

A merged force spreadsheet is created from settings made on this dialog.

LMG Tank - Merge Extracted Forces @
Output filename | Generate araph
Warking folder @ Curent ) User Defined
Save in E:EATestRunz

Force spreadsheets to merge )

Spreadshest 1
Spreadsheet 2
* The two spreadsheets wil be merged and zaved az a new spreadshest
* Force/moments in the 1st file will be used if there are duplicate loadcases in the two files
* Only the 15t angle in the 2nd file will be used if the number of angles is not same. [eg. 30 + 2D merge)
[ QK ] { Cancel J { Help

Figure 11 Merge extracted forces dialog

Improved Thermal Analysis Wizard
Thermal analysis is now improved for the following situations:

U Additional loadcase for spillage event

U Structural loading combined with thermal stress/strains

How to use
e Select the menu item LNG Tank > Thermal Analysis

The dialog has been updated to consider the structural loadings and spillage event

10



Improved Thermal Analysis Wizard

LNG Tark - Thermal Anslysis

Tank definition data

Model flename

Saved model e path

Element size (m)

[ Inchude soil

Sol beght abave slab botom (m)
Sol degth (m)

Tokl v
Example

C:WUsersWohssoWDocuments WLLISAS 130WProjects’

T e =)
Tark defintion data (Trikt =)
test
Saved model fle paih EAVK\TestRunsest_Themalmd
Element size. 02 Im}
! Inchade ol for Thesmal Analysis
] Inchuds St Load
Variable Loads o apply ® Max © M
- The chasen vasiabl loads from the Terk Delirilion vall be used for Operaiing Condiion
Spilage Losdng.
e fon o wal
Radus o e tark oute surfocel’) 2181 o) Uiad mass densi() &0 (]
() These parameters are ead froe th [Seismic] > [innes Tark Properies] b of the tark defiribon aliibute # avalable
Spllage dualion tie for each spiage height
Spage 1 100 Thou] Spage 2 100 [ou] Splage 3 100 fhou]
Spdaged 100 [hou) SplageS w00 feul
T =

Figure 12 Dialog for Thermal Analysis wizard

Thermal and structural loadings are added as shown below.

Base Insulation

Thermal Spillage Loading

Corner protection

Corner protection start

Figure 13 Spillage thermal loading for a model without PUF
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Corner protection height

Base Insulation .
Corner protection

e Corner_protection inner_face 3
I

- >\
! Wall inner face

Figure 14 Vertical liquid pressure under the corner protection area for a model
without PUF

How to use
e Select the menu item LNG Tank > Add Spillage Loading

The thermal results are mapped to the existing 3D shell model to allow the thermal
results to be combined with 3D structural results in Modeller.

12



Wind loading to GB50009

Pressure Loads

Radius of inner tank cuter surface 421361 [m] Liguid mass density  420.0 [kg/m™3]

Spillage application above Comer Protection

(® 1st'Wall Insulation layer O wall

+BaszeSlaband Wall pressures willbe computed from SpillHeightand Mass Density

*+Spillage to Wall would require 30 solid model for Monlinear Cracking Concrete,

Themal Loads

Spillage Height 1 Select Temperature Data exported from 20 Themal Analysis Browse...

Spillage Height 2

Spillage Height 3
Spillage Height 4
Spillage Height 5 |

+Input files are obtained from [Expart Temperature to Excel (2D} menu from 2D Thermal Analysis madel,

Cancel Hep

Figure 15 Add Spillage Loading Dialog

Wind loading to GB50009

In addition to existing wind loading for EN 1992-1-1, wind loading to GB50009 (a
Chinese code) has now been added.

How to use
o Select the menu item LNG Tank > Add Wind Loading
Previously parameters for wind loading to EN 1991-1-4) were specified in the dialogs

for the 3D shell model wizard (LNG Tank > Static Analysis, LNG Tank > Base Model
for Code Checking). Now these are separated for both EN 1991-1-4 and GB50009.

13
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LG Tank - ==
Do GE50008 (2012) =
T T A = Dissign cods paramaters
Tork derden ssa It = Referance wind preasurs, w_0 ol 81.2) 0873 [kPal
N Epe—
P £ s Tensin toughness category [l 821 & -
Elmen swe 28 >
L ot edficient for topograg nlcl 82)
=5 — anechon coeffic araphy. 10
PV ® 05 7] Dymaric respanse factor calculaiion fol. 8.4)
‘Wed load EN1S81.1.4 2005 b TEET
® abn .02
[S—— w5 i e [7 -
- LNG Tank - Add wind loadin )
b - e = Exndoditickeen T . 2] )
N bt 0 i . EN1391-14 2005) -]
Bumess 5 -~ Enwdons -
Crm T ~ Design code
Terainfssicr (3 Design code parameters.
Vistnderce toctos b b
et " ” =
pr— = oy Hommbes of i 10 Basic wind velocity 75 Imis] =
St o tn 09 - [P — Raughness length 063 il
Miniroum heioht 10 ] fl | w2
Orography factor 10
Terrain factor 01%
Turbulence factor 10
i 125 B3]
[ Defauiis 0K [ Concel ][ He |
[ Hep

| Defaubs || OK | | Concel

Figure 16 Dialogs for wind loading

14



Double steel tank

Planned future
updates

Double steel tank
The ability to define double steel tanks will be added, and this will accessible from

Material drop-list of the tank definition dialog.

How it will be accessed
e Select the menu item LNG Tank > Tank Definition

L
Q'

S| St

Figure 17 Tank Definition dialog for double steel tanks

Once defined, select the menu items LNG Tank > Static Analysis, or LNG
Tank > Thermal Analysis, or LNG Tank > Staged Construction Analysis

A 2D model will be built in each case.

15



Planned future updates

=B X [ LUSAS ew: stel(20) ot Window | -
ustes W resens | | RIS £ T T T £ £ oo £ E

1.

e =] sosor.

Figure 18 Double steel tank 2D model

o Select the menu item LNG Tank > Static Analysis, Base Model for Code
Checking

A 3D shell model will be built.

Figure 19 Double steel tank 3D model

Design Check Report in spreadsheet

Currently, a force/moment (PM) design check report is provided that is mainly for the
purpose of verifying the design results. This will be updated to create comprehensive
design results in a single spreadsheet.
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Design Check Report in spreadsheet

How it will be accessed
o Select the menu item LNG Tank > Enable Design Check

o Specify the Code of Practice to be used in the design checks.

e Select the menu item LNG Tank > Design Check Report

" LNG Tank - Design Chack Report = [

" NG Tank - Design Chece Report - . X
Phrepert ename et M esart Hense =
rking flder Cuent & Uses Deied Visking blder Current ® User Defnes
Savein O/WOo Teat210712 PoProcessng Spesdhes_frgiel s Smein WDy TeaW210712 PostProcessngSpesd¥ien ingie] 6o =
Taret Tt
® doghs [ .stiue T e = Soecnd Vit
ety
mH
iat 10
Uzaion Summary Fepor (4] Uizsten Summany Resct (7
9] PM Shear Decor 85 EN 199211 05 T ¥ PM Shaar Decom. ©5 £N 198211 0s) R
Rt Bach Pt Bl
o 7 Pask loadcas only e 9 Pask loadcasa only
P Crock Repon: (21 Shear Chack Fapin P Check Repset 7 Shese Check Rpat
[9/Paak slamant only (7] Peak loadcasa only 9] Peak clement only (7] Peak loadcase only
Losteasas
I
¥ ain
shcngine
Angh Porte Drecton)
Xagin 0Degrer
) e

Figure 20 Dialog for design report

The design check results for the selected zone, design check components, and loadcases
will be output.

PM check report

b{Annular Part) (Radial)

" [ o e C3
W | I T T T
5 o oo
e = 7 )
5 El 7 R T T T ] o »
5 Latsas s -

Figure 21 Example PM check report
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Planned future updates

Shear check report

[ 3

P T — - P B —
Shear Utilization for BaseSlab [ Radial] o

Figure 22 Example shear check report

Notes

e As opposed to what has been implemented for the PM report, worksheets are
added for major tank components such as roof, wall, and base slab, but not for
the rebar attributes. For each group, two sheets are added, one for hoop/Global-
X direction, the other for radial/height/Global-Y direction.

e The data is sorted by the coordinate (z for wall and r for slab and roof), so that
the graph can be generated along the distance. X axis is the distance (from
centre, or from bottom), Y axis is the shear forces obtained from the nodes. The
orange line represents the shear capacities for each node computed with the
result force/moment considered.

e The computed shear utilization is presented from this graph. The orange line
represents the allowed limit for the utilization. (i.e. = 1)

e The node/element information as used in the summary report.

e The intermediate values required to compute the shear capacity and utilizations
are printed, so that a user can see if the computation was done correctly. This is
code-dependent, and different templates are used for different codes. The
tooltips are added to advise the phrase or formula reference in the design code.

Utilization summary

All the design check results for a selected zone and loadcases are summarized in a
single spreadsheet. Utilization values of less than 1 confirm that the result satisfies the
design code.

18



Design Check Report in spreadsheet
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Figure 23 Example of Utilization summary report

Notes

Sheets are created for each of the rebar attributes.

Rebar information for the sections is printed. For varying sections, those for the
max/min thickness are output.

Group names, loadcases, cylindrical coordinates, and thicknesses for the target
nodes and elements are output.

The direction of results is specified. If the node coordinate is within the
crosswise rebar limit radius, the direction of results would be global x or y;
otherwise the direction would be r, theta, z or phi depending on the assigned
result transformations.

The nodal results, forces, moments, top/bottom stresses are printed.

The tank design utilizations such as UtilPM and UtilShear are printed.

19



Planned future updates

20






'
',
. .
|

2L
=y
® |
= CR|
| ©AE ~ |
A =
E 4 ‘!:
: - +
i 2 —
i = |
-~ = 2=
- T
e - 4=
K =) '1.E
- BT s B :
=
Ll 3 (= %ﬁ el
= e :
e wTH.
= o
G -

€S, SUrT
@lusas.comai



	LNG Tank System update releases
	New features in LNG Tank System Release 2609
	Tank definition dialog updated
	How to use

	Specify target models to build
	Define elevated / isolated tanks
	How to use

	Add foundations to 3D shell models
	How to use
	Create 3D Model

	How to use

	Design checks to GB50010
	How to use

	Design check for target angles
	How to use

	Load combinations from spreadsheet
	How to use
	How to use
	Combinations with spreadsheets


	Merge extracted forces
	How to use

	Improved Thermal Analysis Wizard
	How to use
	How to use


	Wind loading to GB50009
	How to use


	Planned future updates
	Double steel tank
	How it will be accessed

	Design Check Report in spreadsheet
	How it will be accessed
	PM check report
	Shear check report
	Notes
	Utilization summary
	Notes






