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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: 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: 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...

The required user inputs for this model are as marked in [Figl]

Tank Definition X
Tank type Target models to buid
Material : Concrete > 2D axisymmetric s [[]2D axisymmetric coupled thermal/structural
R e 5 | (12D bearn-stick seismic 3D shell structural |
[Tork Derton Load | resvoss] Suppor (3] Seemie] Ground]

f Wall an

)1

Base slab (Units: m)

Circular part length (L_inner) 398 cL
Circular part depth (D_inner) h2 ] !
Tapered section length (W_t) 06
Annular part length (L_outer) b7
Annular part depth (D_outer) hs ]
Base heating (D_heating) 0386
Base heating (L_heating) 465 |
Ground level (D_ground) s ]
Roof (Units: m)
Radius of inner roof (R_roof_i) 6406 |
Radius of outer roof (R_roof_o) 86.906 Troof
Height from the top of the base slab to the T
topmost of the roof (R_Height)
Distance of tapered section 1 (si1) [oors | Rioots Rroot o
Distance of tapered section 2 (sI2) bs ] Hringbeam 2
+ Rel_height
Setzero Setdefaults
Name [ Tnk2 ] =] (new)
oK Cancel Apply Help

Fig 1 User Input for a Base model for design check




Base Model

Tank Definition

Tank type Target models to build
Material : Concrete 2 D axisymmetric structura [[] 2D axisymmetric coupled thermal/structural

Elevation e > ] 2D beam-stick seismic 13D shell stuctural
Tank Definition| Load | Prestress| Support (30) - Ground

Roof RingBeam Wall Base Slab Inner Steel Tank

Descriptions Mass [kg]
Roof Liner + steel Roof Structure 1.4E6
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 ~ |5 (new)

Fig 2 User Inputs for a Base model for design check including

non-structural masses to Eigenvalue Analysis

To include non-structural masses to eigenvalue analysis, 2D beam-stick seismic option

should be ticked and non-structural masses should be defined.




Preparations

Tank type Target models to buid
Material Concrete v [] 2D axisymmetric coupled thermal/structural
E— P . []2D beam-stick seismic 13D shell structural

Tank Definfion | Load | Prestress| 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_bottom) 11 Heingbeom
Height of tapered wall (H_wall_t) 74
Thickness of walltop (T_top) 075 T ‘
Height of wall (H_wall) 4268 —| Wall Construction Stages X
Height of ringbeam_2 (H_ringbeam_2) 17 | Height/ Stages
Height of ringbeam_1 (H_ringbeam_1) 15 | | Wallstage D Height(H) [m] StageY/N ~
Thickness of ringbeam (T_ringbeam) 1.05 Bl 03 N
Slope height (R_s|_height) 00
pe height ( ight) 11 a2 v
Setdefaults
3 42 Y
Clear grid
4 42 Y
Add
5 42 Y
v Remove
< >
oK Cancel Apply Help
Setzero Set defaults Wall stages Openings
Name | Tnk2 ~ |5 (new)
OK Cancel Apply Help

Fig 3 User Inputs for a Base model for design check including
wall stages to Staged construction/ CRSH Analysis

To include wall stages to Staged construction/ CRSH analysis, Wall construction stages
should be defined.

Following user inputs should be defined.

O Height(H) [m] : inputs the height of each wall lot. This value should be a
positive.

O Stage Y/N : input Y’ if a separate stage should be created for the wall lot in the
model. Otherwise input ‘N’. However, if the input value is ‘N’ for wall ID “17,
it is assumed that the wall lot 1 is activated together with the base annular part
as shown in the Fig 4 The stage of activating wall lot 1 when ‘N’ for ‘Staged
Y/N’.




Base Model

S —

Fig 4 The stage of activating wall lot 1 when ‘N’ for ‘Staged Y/N’

Tank Definition
Tank type Target models to build
Material : Concrete v P ET e
Elevation : Aboveground v 2D beam-stick seismic

I Tank Definiton I oad | Prestress| Support (3D)| Seismic| Ground|
Base Slab and Rgufl Wall and Ring beam I\Aamrigﬂs Support (2D)

Wall and ring beam (Units: m)

[[]2D axisymmetric coupled thermal/structural

3D shell structural

Trinabeam

Inside radius Openings
Thickness o )

Openings
Heightof tag - Ieempton Opening 1 Opening 2 ~
Thickness o Wasp

Openings width (Wo) 0 I
Height of wa

Opening 1 | Sidad

Heightof in|  |PS free length (Wgap) 0 Y . _Opening 2 i i
Heightofini |5 ening elevation (H1) 0 0 Wo B wo f
Thickness o "
Siope heigh | OPening height (H2) 0 0 Yo

PS free height (H) 0 0

v
Set defaults Clear grid *'Theta' is the angle between opening center and the adjacent buttress center
s wwr e
Setzero | Setdefauls Wall stages
Name | Tnk2 ~ |+ (new)
oK Cancel Apply

Fig 5 User Inputs for a Base model for design check including
openings to Staged construction/ CRSH Analysis

To include openings to Staged construction/ CRSH analysis, ‘Openings’ should be

defined.

Complete all the inputs and click OK to save the data with the name ‘Tnk1’.

A Reinforcement and Prestress tendon arrangement is not required to build the

corresponding model.

Help




Build 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 |Examp|e\

Saved model file path

|C:\U5ers\ch55o\Dccumenls\LUSAS200\Frcjecvs\ExampIe.de ‘

Modeling options

Element size (m)

Number of eigenvalue

Concrete Tank Options
Buttress

Number of buttress 4 v
Extruded thickness (m)
Buttress width
Roof / Ringbeam

Roof construction plan Single layered roof 1

Roof first stage thickness (ratio)

Initial prestress for ringbeam (ratio)

S| [o] o
ol o] o

Initial prestress for base slab (ratio)

[]Half symmetric model

Include non-structural masses in the eigenvalue analysis

Construction Scenario - Single layered roof 1

1-Base/Wall/Ringbeam
2 -Ringbeam 1st PS

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

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

7 - Wall vertical PS

8 - Wall horizontal PS

Fig 6 LNG Tank for a Base Model for Design Check

Roof construction plan

4 options are available which are ‘Single layered roof 1°, ‘Single layered roof 2°,
‘Layered roof option 1’ and ‘Layered roof option 2’, based on the construction plan for
the roof. The description under ‘Construction scenario’ group box will be updated upon

the selection change.

Roof first stage thickness (ratio)

The roof thickness for Ist build will vary according to this value in the staged

construction analysis model.




Base Model

Initial prestress for ringbeam (ratio)

The % of ringbeam PS that will be applied when the construction scenario is
‘Ringbeam 1% PS’.

Initial prestress for base slab (ratio)

The % of base slab PS that will be applied when the construction scenario is ‘Base slab
13 PS’.

e Enter the model file name, and set the element size to 2.0. The other values as
shown in [Fig 6].

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

e Select 4 for Number of buttresses, 1 for Extrude thickness and 5 for Buttress
width.

¢ Roof construction plan is set to ‘Single layered roof 1°. Initial prestress for
ringbeam is set to 0.5 and Initial prestress for base slab is set to 0.5. Initial
Prestress amount for Ringbeam and Base slab will also vary at the ‘Ringbeam
1% PS (staged)’ and ‘Baseslab 1*' PS (staged)’ in staged construction analysis
model.

Mesh

The elements as shown below, with a maximum element size less than 2.0m as per user
input. Quadratic shell elements (QTSS8) are used.

Fig 7 Mesh Arrangement and Geometric Properties for a Base Model for Design
Check




Build Base 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 vax

LUSAS View: Example.mdl Window 1 X |

[Blerou.. pAttri.. RAnal.. utilit.. Erep... [Eltayers 200 100

0.0

= @ Exemple.md]
© O Example.mdl Window 1

R E D
=
gif
3 e

3
&
60.0

@ Attributes Sy s

.

© Utilties
% View properties

50.0

Properties X

PR T ERR G w e

8 ot ot o
62048 10 0 P

Mesh  Visualise

DWifame  pan #[187% [ | chocspon.

LT RLT

L

Transparent

[ solid | veimmshade 00 %
Hidden edges [Jinternal edge

[CIshow nodes [Joutline only  Threshold 25.0

(] Show normals Joints offset distance | 6.0 mm

/] Show element axes| [] Orientations only if selected

% of elements | 100.0

Colour by | Mesh colour v [s&

Close Cancel Apply Help

Fig 8 Element Local Axis in a Base model for design check

Geometric Properties

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

reviewed from the Utilities 'i% treeview.

6 »-oXe

Fig 9 3D Shell Model for Base model for design check




Base Model

Attributes

[Blorou... dyattri.. QAnal.. P utiit.. ERep... BLayers

= 2 Example.md|
& Attributes (178)
& Mesh (75)
# @ Line (73)
& Surface (2)
& 74:ThickShell
& 75:ThickShell_RoofRigid
= Geometric (17)
& & Surface (17)

X TRoo
& 4:Roofd
& 5:Roof_RingBeam_Dummy
& 6:BaseSlab_Inner
& 7:BaseSlab_Inner irreg
& 8:BaseSlab_Taper
& 9:BaseSlab_Outer
& 10:Wall_Dummy_Regular
& 11:Wall_Dummy_Buttress
& 12:Wall_Tapered_Regular
& 13:Wall_Tapered_Buttress
& 14:Wall Regular
& 15:Wall Buttress
& 16:Ringbeam_Regular

& 17:Ringbeam_Buttress
= Material (11)

& Isotropic (10)

& 1:BaseSlab

A 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)

Fig 10 Geometric Properties for Roof in Base model for design check

Surface Grid Variation

Thickness Roof2
CCéntriciy RoofZ.

I
Thickness [t
Eccentrciy| -

Xorder  Constant v][1

& o

Yorder Quadratic > [3

Name | Roof2

Close Cancel Apply

vax LUSAS View: Example.mdl Window 1 X
0.0 15.0 200 250 30.0 350 400 450
Geometric Surface X

Fig 11 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 0r6.

10



Build Base Model

LUSAS View: Example.mdl Window 1 X

400

-200

0.0

Attributes v aXx
[Slor.. &att.. Qan.. P uti.. Ere.. [Ela..
=5 Example.mdl ~

£ Attributes (178)

£1Mesh (75)

£/ Geometric (17)
63 Surface (17)
& 1:Roof1
& 2:Roof2
& 3:Roof3
& 4:Roof4
é% 5:Roof_RingBeam_Dummy
¢% 6:BaseSlab_Inner
aseSlab_Inner_irreg
aseSlab_Taper
aseSlab_Outer
¢% 10:Wall_Dummy_Regular
¢% 11:Wall_Dummy_Buttress
¢% 12:Wall_Tapered_Regular
¢% 13:Wall_Tapered_Buttress
é% 14:Wall_Regular
&% 15:Wall_Buttress
&% 16:Ringbeam_Regular
&% 17:Ringbeam_Buttress
£16 Material (11)
6 Isotropic (10)
<% 1:BaseSlab
< 2:Wall
&b 3:RingBeam
& 4:Roof
é% 5:Roof(half_mass)
¢ 6:Roof_Ringbeam_Dummy
¢ 8:BaseSlab(Eigen)
& all(Eigen)
é% 10:RingBeam(Eigen)
éb 11:Roof(Eigen)

159 Orbhabranin (1)

0.0

60.0

40.0

20.0

200

Fig 12 Base Model for Design Check including buttresses

11



Base Model

LNG Tank - Base Model for Design Check

Tank definition data Tnk1 ~
Model filename [Examplel |
Saved model file path |C.\Ussrs\ohsso‘\Ducumenl's\LUSASZOO\ijec's\ExampIsmdl |

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
e s e 4 > 1-Base /Wall/Ringbeam
‘C 2 - Ringbeam 1stPS
Exdedi coees : (m) 3 - Roof frame 1/ Inner work
Buttress width 5.0 (m) 4 - Reof frames 2,3

5 - Roof wet/ Roof complete

Roaf/ Ringbeam 6 - Ringbeam 2nd PS
Roof construction plan Single layered roof 1 ~ [gialivericallles

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

Fig 13 User Input for the Number of Buttresses in a Base model for design check

g .B,ut'tress Width

>

Extruded Thickness

Fig 14 Buttress Definition for a 3D Shell Model

12



Build Base Model

Groups and Materials

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

Group Ke

- lab
ﬁfbBeam
R

se ircularPart
ircumferentialSurfaces

mmy
. gml?b?e ass@iﬁqgnls

f

Fig 15 Groups in a 3D Shell Model

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

Attributes vax LUSAS View: Example.mdl Window 1 X
[Blor. &att. Qan.. Luti. Ere.. [Gla -80.0 0.0 40.0 20.0 0.0 200 400
2 Example.mdl ~
2 Attributes (178) 5
1122 Mesh (75) @ e ——
& Geometric (17)
4 Surface (17) Geometric Key
& L:RoofL Analysis: 01 Base Analysis
& 2:Roof2
S B BaseSlab_Inner
& 4Roofd BaseSlab_Inner_irreg

& 5:Roof_RingBeam_Dummy
& 6:BaseSlab_lnner

Il BaseSlab_Outer
BaseSlab_Taper

400

i;::ass::asilrnner,\rreg - Wa” Buttress
:BaseSlab_Taper
£9:BaseSlab_Outer Wall_Regular
& 10:Wall Dummy_Regular Ringbeam_Regular
& 11:Wall Dummy_Buttress Ringbeam_Buttress
& 12:Wall_Tapered_Regular Roof_RingBeam_Dummy
4 13:Wall Tapered_Buttress ° Wall_Tapered_Regular
& el Regular K Wall_Dummy__Regular =
4 16:Ringbeam_Regular Wall_Tapered_Butiress B
& 17:Ringbeam Butiress Wall_Dummy_Buttress o5 g e
=2 Material (11) Roof2 e e
= Isotropic (10) o
& 1:BaseSlab Geometric Surface x X
A2:wall
& 3:RingBeam .*
& 4:Roof 9
& 5:Roof(half_mass) [ Value Z
& 6:Roof_Ringbeam_Dummy Thickness [t 075
& B8:BaseSlab(Eigen) [Eccentricity|ez 0.0
& 9:Wall(Eigen)
& 10:RingBeam(Eigen) —~
& 11:Roof(Eigen)

=4 Orthtropic (1)

& 7:Base_Wall_Dummy
& Supports (6) Name Wall_Regular v a4
& 1:Crosswise Base Support

& 2:Circumferential Base Support(R =
& 3:Circumferential Base Support(R =
( - - - i Close Cancel App Help

Fig 16 Material Assignments in a 3D Shell Model

Support Conditions

Three different types of support conditions can be defined from Support(3D) tab in
Tank Definition.

13



Base Model

Use Support (2D) conditions

This option is only available when either ‘Fixed Support’ or ‘Regular Support’ is set
for Support type in Supports(2D) > Tank Definition. The same support condition
defined in Support (2D) will be defined and assigned to Base model for design check.

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.

If 3D shell structural’ option is chosen in Tank Definition, following two options are
available.

Simplified foundation

The stiffness of each pile should be defined as shown in [Fig ]. 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.

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

Detailed foundation

The stiffness of each pile should be defined as shown in [Fig 21]. 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.

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

14



Build Base Model

Tank Definition

x
Tank type Target models to build
Material : Concrete 2 2D a []12D axisymmetric coupled thermal/structural
Elevation : Aboveground . (] 2D beam-stick seismic [ 3D shell structural

Tank Definition | Load Seismic| Ground

Base Support

Supportiype Circumferential Support
vee
Simplified fo Vertical  Horizont ~ * clostwi
implified foundation .
D Rim] ";ga' 23@ Numberof  siffness  stifnes: Add o
g L [kN/m] [kN/m] e
Del e
N 38.7 0.0 56 523.018E3  42297E3
No. cir; 184 L]
LR
No.cross 213 408 00 50 523.018E3  42.207E3 D oy
. -
EX2Cir: 156.1965E3 e
vE Setdefaulis .
X2 Cross - 63.7157E3 ,( 449 on 38 523 018F3 42 N"F}R
Crosswise suppaﬂ stiffness
Grid wizard I Vertical stiffness [kN/m] 523.018E3 Horizontal stiffness: [kN/m] _42 297E3
X coordinates (Units: m) ¥ coordinates (Units: m)
Add column
P1 P2 P3 P4 P5 P& P7 A P1 P2 P3 P4 P5 P& P7 A
“4.2 84 126 168 210 252 Muo 00 00 0.0 00 0.0 Add row
00 42 84 126 168 210 252 42 42 42 42 42 42 42 Del column
42 84 126 168 210 252 84 84 84 84 84 84 -84 Del row
00 42 84 126 168 21.0 252 -128 =128 -128 -128 -12.6 -128 -12.6 Setzero
it - - - aag e e e wee e e o s o T
Name | Tnk2 |5 (new)
oK Cancel Apply Help

15



Base Model

Attributes vox

Gro.. “Attr.“ QAna.. fUtH... Rep... Lay...
(=3 Example.mdl ~
(23 Attributes (178) Analysis category | 3D
(G Mesh (75)
[+ Geometric (17)
4 Material (11) Free Fixed Spring stiffness
alSunparts ()

Structural Supports

I &% 1:Crosswise Base Support I — o e ] X O @] ® 42.297E6 |
I ¢ 2:Circumferential Base Support(R = 36.7) | Translation i v 42.297E6
I & 3:Circumferential Base Suppert(R = 40.8) | rensiation in O o ®
L% & Crumfersntial Bage Support(R = 44.9), z O O @[ sx;omEs
& 5:7 Fixed ]
&5 6:Free X ® O @)
=A Loading (57) .
£ Discrete (2) Rotation about Y ® O o[ ]
143 Patch (2) C
| & 21:LiveLoad(Roof) z ® O O I
1-¢% 23:SnowLoad(Roof) Hinge rotation ® o)
- Patch divisions
=13 Structural (55) Torsional warping ® O
¢% 1:Steel Structure_q1
% 2:Steel Structure_P Pore pressure (O] O

&% 3:Steel Structure_qr
& 4:Liner_basel

& 5:Liner Roof Spring stiffness distribution
& 6:Liner_Wall (® stiffness

: ;IS::E;T ctureRoof () stiffness/unit length

& 9:Insul_q2 (O stiffness/unit area

4% 10:Insul_q3

& 11:Insul_q4 Lift-off >>

&% 12:Insul_qr

&% 13:Insul_Pressure Contact >>

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

<& 16:Liquid_q1(Min) Name | Crosswise Base Support | vIE @
& 17:GasPressure(Max)

¢% 18:GasPressure(Max)(Base_Roof)
&% 19:GasPressure(Min)

& 20:GasPressure(Min)(Base_Roof) Close Cancel Apply Help

Fig 17 Support Definition in a Base model for design check

Fig 18 Support Condition for a Base model for design check
(Pile Support / Regular Support)

16



Build Base Model

Loadings

28 loadcases are created in a Base model for design check. Wind load can be added
after a base model is created. (LNG Tank> Add Loading> Wind...)

LNG Tank - Add wind loading X

Design code EN1991-1-4 (2005) v

Design code parameters

Basic wind velocity 375 | [mis]
Roughness length 3.0E-3 | [m]
Minimum height 1.0 | m)
Orography factor ‘1 0 |

Terrain factor ‘0.156 |
Turbulence factor ‘1.0 |

Air density [1.25 | kgim"3]

Defaults Cancel Help

Fig 19 User Input for Wind Load for a Base model for design check

Other Options

Half Only Model

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

17



Base Model

LNG Tank - Base Model for Design Check

Tnk1

Tank definition data

Model filename

‘C:\Users\ohsso\Documsms\LUSASZOO\Projects\.de

Saved model file path

Modeling options

)
°
o
£
o
k]
]
£
£
>
2
u=
©

20

Element size (m)

-structural masses in the eigenvalue analysis

nclude non:

Number of eigenvalue

for Half Model

on

Fig 20 Opt

T
LA
RS
FEEUERR RO,
I L
WO R RS
GRGOTAT
AL ooio%,.

OO
N,
(0 cooooe

o "
N P %
.—_—Eﬁe%oan?%w/o

5.———?—%6%. X

DA S
) REEY g

Fig 21 3D Shell Model (Half Model)
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Build Base Model

Loadings

28 loadcases are defined for the base model for design check.

Analyses vax LUSAS View: Example.mdl Window 1 X | v
ro.. @9Attr. (QAna.. Ut Erep.. [@Lay. o0 40,0 200 0.0 200 40.0 60.0 80.0
= Example.md! ~
/23 Structural analyses
% 01 Base Analysis s
52 Geometric 3
(510 Material I L
@ 1:SelfWeight
% 2:Dead Loads of Steel Structure
3:Dead load of liner and steel roof
ead load of steel structures on the roof
ead load of Insulation
5 6:Pressure on outer tank wall due to insulati] | (2
Wall piping loading &
=
<
415 18:Prestress (Ringbeam ONLY) (Short)
& restress (Ringbeam ONLY) (Long)
@ restress Wall Horizontal ONLY (Short) -
21:Prestress Wall Horizontal ONLY (Long) s
@ restress Wall Vertical ONLY (Short)
@ restress Wall Vertical ONLY (Long)
2% 24:Dead Loads(1-7)
 External Max Base Heating Temperat
in External Max Base Heating Temperat
£27:Max External Min Base Heating Temperat| | |
(£28:Min External Min Base Heating Temperat S
= 02 Seismic Analysis :
< >
1:SelfWeight ‘ _ ﬂ
None ~ | anacity |
Fig 22 Loadcases Available in a Base model for design check
Self Weight
Analyses vax LUSAS View: Example.mdl Window 1 X v
[Slero.. dAttr |/ util. Erep... [Glay. o0 -40.0 20.0 0.0 200 200 60.0 80.0
== Example.md| ~
4 Structural analyses
% 01 Base Analysis =
2 Geometric 3
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Fig 23 Self Weight in a Base model for design check
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Base Model

Dead Loads of Steel Structure

The dead load of the steel inner tank is defined including wall plate, secondary bottom,
bottom plate, annular plate and suspended deck.
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Fig 24 Dead Loads for Steel Structure in a Base model for design check

Dead load of liner

and steel roof

The total weight of the roof plate and frame need to be specified to design the roof.
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Fig 25 Dead Load of Liner and Steel Roof in a Base model for design check
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Build Base Model
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Base model for des:

k on the roof should be considered as distributed load on the roof.
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Fig 27 Dead Load of Insulati
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Analyses

For the design of the outer tank, the loadings due to the steel structure on the roof as

Dead load of steel structures on the roof
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Base Model

Pressure on outer tank wall due to insulation

The insulation (e.g. loose fill perlite) in the region between the inner tank and outer

tank is assumed to exert a horizontal loading on the outer tank.
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Fig 28 Insulation Pressure Load in a Base model for design check
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Wall Piping Loading

Wall piping loading acts on the outer surface of the ringbeam and wall.
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Fig 29 Wall piping loading in a Base model for design check
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Build Base Model

Liquid bottom (Max/Min)

The Liquid weight acts on the top surface of the base slab.
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Fig 30 Liquid Bottom Loading in a Base model for design check

Gas Pressure(Max/Min)

Design gas pressure acts on the inner surface of the concrete tank.
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Fig 31 Gas Pressure Loading in a Base model for design check
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Base Model

Live load (Imposed Load on the roof)

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

of the roof.
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Fig 32 Live Load in a Base model for design check (Roof)

Snow load

The snow load is assigned on the top surface of the roof.
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Fig 33 Snow Load in a Base model for design check (Roof)
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Build Base Model

Test load (Liquid bottom)
The Test load (Liquid bottom) acts on the top surface of the base slab.
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Fig 34 Test Load

(Liquid Bottom) in a Base model for design check

Test load (Pneumatic)

Test load (Pneumatic) acts on the inner surfaces of the concrete tank.
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Fig 35 Test Load (Pneumatic) in a Base model for design check
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Base Model

Prestress Load

The effect of the prestressing steel tendons needs to be converted to equivalent external
load and used for the input in the Wizard.
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Fig 36 Prestress Load in a Base model for design check

Analyses

Five analyses having a total of 66 loadcases are set-up in the model.

O Base Analysis A static analysis. A total of 28 loadcases are provided including
4 temperature loading which can be added from a separate Thermal Analysis.
Loadcase for wind load is not created when Base model is built. However, it can
be added using ‘Add loading> Wind...’

U Seismic Analysis Equivalent peak seismic acceleration and hydrodynamic
loading are to be added.

U Staged Construction Analysis 29 construction stages are defined with self
weight only if ‘Roof split 1° is set for Roof construction plan.

U CRSH Analysis CRSH analysis is not created when Base model is built.
However, it could be added using ‘Add loading> Creep and Shrinkage’ menu.
The same number of loadcases for Staged construction analysis will be created.
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.
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Build Base Model

Analyses
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Fig 37 Analyses Available in Base Model

/= 05 Eigenvalue Analysis

< Post processing
4 53:WO Roof RingBeam 1st PS ONLY
£ 54:WO Roof RingBeam All PS ONLY
4 55:WO Roof Frame1 ONLY v

The roof is built in two layers. Hence, two sets of overlapping surfaces have been
created to consider the staged construction. As only the final layer is required for the
other analyses, one set of surfaces is deactivated for the 1st loadcase of Base Analysis,

Thermal Analysis, Seismic Analysis, and Eigenvalue analysis.

Loadings

Self weight is assigned in all analyses.

¢ In the Base Analysis, 28 loadcases are provided, including 4 temperature

loading.

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

assigned.

Base Load Combinations

As seen in [Fig 63], 17 load combinations are pre-defined. These combinations are
used to obtain the isolated effect of adding loading from a Staged Construction
Analysis, so that they can be used as a single loadcase in the design load combination.
A staged construction analysis is nonlinear by definition and hence the principle of
superposition is not generally applicable. However, this simplified approach provides a
systematic and efficient way of verifying hundreds of load combinations in the context
of linear design according to a code of practice.
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Base Model

For example, the load combination of ‘WO Roof Ringbeam 1% PS ONLY" is for the
subtraction of ‘Ringbeam[Staged]’ from ‘Ringbeam 1% PS[Staged]’.
1) Ringbeam[Staged] : Wall & Ringbeam is built. (i.e. no roof)

2) RingBeam 1% PS[Staged] : Wall & Ringbeam is built. (i.e. no roof). 1 PS
is added.

Both loadcases are included in the Staged Construction Analysis, and the combination
of 2)-1) is used to obtain the effect of the 15 PS loading during the construction stage.

Analyses ¥ & X| combination X
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Fig 38 Pre-defined Load Combinations - WO Roof 1st PS only

Template for load combinations

A template for use in defining design load combinations is saved in the current working
folder with name of the form: <Model name>_ComboTemplate.xlsx.

Update Reinforcement and Prestress

If the reinforcement or prestress tendon arrangement needs to be updated after the
model is built, it can be updated by selecting the menu item LNG Tank > Design
Checks> Add/Update Reinforcement...

This only updates the existing properties. If the attribute is to be de-assigned or deleted,
it should be done manually.

If one-side only rebar is required, use a negligible value for Es. (e.g. a very small value
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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> Thermal Analysis... menu item, and
assuming the default inputs are for maximum temperature, perform a 2D Thermal
Analysis with the input data of ‘Tnk1 — Max Temperature’

e Enter Example - Max for the model file name, and click OK.
LNG Tank - Coupled Thermal/Structural Analysis X

Tank definition data LY -’

‘Example»Max

Model flename

[ USAS: j ple-Max_Thermal.mdl
Saved model file path
Modeling options
e ] Include soil for aboveground tanks
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(*) o] Tkg/m?]

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

SpIlaGE UUIEULI INE 101 Eacn Spilage eyt
Spillage 1 10.0 Thour] Spillage 2 10.0 Lo Spillage 3 10.0 [hour]
Spillage 4 10.0 [hour] Spilage 5 10.0 [hour]

Fig 39 Dialog for Thermal Analysis (Max)
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Thermal Analysis

The current shell model will be closed and a new 2D axisymmetric solid model suitable

for thermal analysis will be built.

Analyses v &X " LUSAS View: Example Thermal.mdl Window 1 X
[Blor.. &att. Qan.. Luti. Ere.. [@ha. [T 400 200 0.0 200 200 60.0

3 Example_Thermal.mdl
(2 Thermal analyses
“= Analysis 1 (Thermal) Analysis: Analysis 1 (Thermal)
3 Material Loadcase: 4:0perating Condition(Thermal), 3:Time Step 2 Time = 0.100000E+09
iﬂl'f'l“""al‘csu":m Themal Results file: Example_Thermal~Analysis 1 (Thermal).mys
22l Concition Thermal) Response time: 100.0E6

@ Loading

60.0

@ Nonlinear and Transient Entity: Potential )
= 2:Time Step 1 Time = 0.100000E-02 Component: PHI (Units: C)
=@ 4:0perating Condition(Thermal)
410 Supports -152.128
“-"-°a°|“"9 un o -130.395
@ Nonlinear and Transient
= 3:Time Step 2 Time = 0.100000E-+09] ¥ :;289'363
Do oo H Te511975
%3 Loading -43.465
@ Nonlinear and Transient 217325

= 4:Time Step 3 Time = 0.100036E+09
% Nonlinear analysis options
=3 Structural analyses
== Analysis 1

- 07325

200

& Material Maximum 25.5925 at node 8207
 1:Initial Condition(Structural) Minimum -170.0 at node 4006 Y
/2 Supports

% Nonlinear and Transient
= 2:Time Step 1 Time = 0.100000E-02
4 3:Operating Condition(Structural)
40 Loading
% Nonlinear and Transient
= 3:Time Step 2 Time = 0.100000E+09
 5:Spillage 1 Condition(Structural)
%0 Loading
® Nonlinear and Transient
= 4:Time Step 3 Time = 0.100036E+09
4 Nonlinear analysis options
4 Coupled analysis options
% Model properties

0.0

200

< >
3:Time Step 2 Time = 0.100000E+09 | . | 4

Fig 40 Thermal Analysis for Max Environmental Temperature

e Solve the model, and in the Analyses (5 treeview, set the loadcase Operating

Condition (Thermal) active.

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)

‘ThermalResuIts-Max

Output filename

Working folder ® Current (O User Defined

Save in ‘C:\Users\ohsso\Documenls\Lusas200\F'rojeds\ThermaIResuhs-Max(Tempe‘

Cancel Help

Fig 41 Extraction Thermal Max Results
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Thermal Analysis for Min Environmental Temperature

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

> L§ PC » Documents > Lusas200 > Projects

Ol

E ThermalResults-Max(Temperature).xlsx

Temperature of Roof

Type Temperature
Location Roof
Unit Celsius
No of Slices Gap Outer Radius Rad. Origin Y Min. Thickness
(m) (m) (m) (m)
91.00 0.50 86.91 -30.65 0.50
Distance Inner Temp Outer Temp Thickness Average Temp Linear Gradient | Vertical Distance |
(m) 9 9 (m) 9 (°C¢/m) (m)
0.00 23.70 25.33 0.50 24.49 -3.58 0.00
0.51 23.61 25.33 0.50 24.47 -3.71 0.00
1.01 23.62 2533 0.50 2447 -3.70 0.01
1.52 23.61 25.32 0.50 2447 -3.71 0.01
2.03 23.61 25.32 0.50 24.47 -3.71 0.02
2.54 2361 25.33 0.50 24 .47 -3.71 0.04
3.04 2361 25.32 0.50 24.47 -3.71 0.05
3.55 2361 25.32 0.50 24.47 -3.71 0.07

Fig 42 Extracted Thermal Results in a Spreadsheet

Thermal Analysis for Min Environmental Temperature

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

Tank Definition

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

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

Structural Dead Loading Structural Variable Loading Thermal Loading

Temperature Convective
Load type Length [m] coeficient Type of boundary Description
[J/im?s.C]
Initial Temperature (Structure) 0.0 10 0.0 Prescribed " Initial Temperature of Structure
Initial Temperature (Soil) 00 10 0.0 Prescribed " Initial Temperature of Soil
Soil Bottom Depth & Temperature 25.0 15.1 0.0 Prescribed " Soil Bottom where Temperature is constant
External Temperature 0.0 250 Convection " Extemal Tem perature
Liquid Temperature 00 1700 166.47 Prescribed " Liquid Temperature
Base Heating 00 50 0.0 Prescribed " Base Heating
Spillage 1 38.263 -170.0 166.47 Prescribed . Spillage 1
Spillage 2 00 1700 166.47 Prescribed " Spilage 2
Spillage 3 0.0 -170.0 166.47 Prescribed . Spillage 3
Spillage 4 00 -170.0 166.47 Prescribed " Spillage 4
Spillage 5 00 1700 166.47 Prescribed " Spilage 5
Gz Set defaults *The temperature for base heating will only be considered if a value other than zero is defined
Name | Tnk3 ~ | 5] (new)

oK Cancel Apply Help
Fig 43 User Input for Min Environmental Temperature

e Enter 10 (Celsius) for both the External Temperature and the Initial
Temperature (Soil). The Initial Temperature (Structure) is the temperature
at the time when concrete is poured, hence there is no need to change at the
moment.

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

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

LNG Tank - Coupled Thermal/Structural Analysis

Tank definition data Tk2-Min Temperature

‘Example-Min
Model filename
lr-\l 1ts\LUSAS: j Min_Thermal.mdl
Saved model file path
Modeling options
=1
. 0.0 [“] 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 Corner Protection (@® 1st Wall Insulation layer Owall

Radius of inner tank outer surface(*) 42,1361 1id density(*) 480
[m] [kg/m?]

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

SplifaYe QUIAuON UIME 101 €acn Spilage neignt

Spillage 1 10.0 [hour] Spillage 2 10.0 [hour] Spillage 3 10.0 [hour]
Spillage 4 10.0 [hour] Spilage 5 100 [hour]

Fig 44 Dialog for Thermal Analysis (Min)

e Solve the model, and in the Analyses C! 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...

LNG Tank - Export Temperatures to Excel (2D)

‘ThermalResuIls-Min\

Qutput filename

Working folder O Current ® User Defined

Save in ‘C:\Users\ohsso\Documents\Lusas20U\F'rojects\ThermalResuIts-Min(Temper‘

Cancel Help

Fig 45 Extraction Thermal Min Results
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Thermal Analysis

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
‘Example(CodeChecking).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
external P ‘("\l 1sso\Documents\Lusa: rojects\Tt ults-Max(Temperature).xlsx ‘ Browse...
+ maximum base heating
external p \("\l 1sso\Documents\Lusa: rojects\Tt ults-Max(Temperature).xIsx ‘ Browse...
+ maximum base heating

external P ‘("\l 1sso\Documents|\Lusa: rojects\Tt ults-Min(Temperature).xIsx ‘ Browse...
+ minimum base heating

external p \("\l 1sso\Documents\Lusa: rojects\Tt ults-Min(Temperature).xIsx ‘ Browse...
+ minimum base heating

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

‘ OK ‘ ‘ Cancel ‘ ‘ Help

Fig 46 Dialog for Adding Thermal Loading

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

Analyses vax LUSAS View: Example.mdl Window 1 X v
[Blorou.. ébattii.. Qanal.. £ utilit.. ERrepo.. [BLayers 600 200 200 0.0 200 200 60.0 Ed
/@ 25:Max External Max Base Heating Temperature|
£ Loading
58:Temp_MaxMax_Roof (x 1.0)

- 62:Temp_MaxMax_Wall Ringbeam (x 1.0)
63:Temp_MaxMax_Buttress (x 1.0)
70:Temp_MaxMax_BaseSlab (x 1.0)

% 26:Min External Max Base Heating Temperature
5 Loading

60.0

59:Temp_MinMax_Roof (x 1.0)

- 64:Temp_MinMax_Wall_Ringbeam (x 1.0)
65:Temp_MinMax_Buttress (x 1.0)
71:Temp_MinMax_BaseSlab (x 1.0)

415 27:Max External Min Base Heating Temperature
£ Loading
60:Temp_MaxMin_Roof (x 1.0)
66:Temp_MaxMin_Wall_Ringbeam (x 1.0)
67:Temp_MaxMin_Buttress (x 1.0)
72:Temp_MaxMin_BaseSlab (x 1.0)
% 28:Min External Min Base Heating Temperature
£ Loading
61:Temp_MinMin_Roof (x 1.0)
68:Temp_MinMin_Wall_Ringbeam (x 1.0)
- 69:Temp_MinMin_Buttress (x 1.0)
73:Temp_MinMin_BaseSlab (x 1.0)
= 02 Seismic Analysis
= 03 Staged Construction Analysis
= 05 Eigenvalue Analysis
3 Post processing
#53:WO Roof RingBeam 1st PS ONLY
4 54:WO Roof RingBeam All PS ONLY
4 55:WO Roof Frame1 ONLY
4 5A-WO Roof Naar 1 0ad Othare v

400

20.0

0.0

-20.0

<

>
25:Max External Max Base Heating Temperature. ‘ j |T

None ~ | [speciy... | |2

Fig 47 Temperature Loading from Thermal Analyses
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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...
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Seismic Analysis

LNG Tank - Add Seismic Loading X

Horizontal direction

OBE SSE
Roof acceleration m/s?
Wall acceleration m/s?
Base acceleration m/s?
LNG force ”
Moment from inner tank base (IBP) kN-m
Moment from inner tank base (EBP) kN-m
Vertical direction
OBE SSE
Roof acceleration m/s*
Wall acceleration mis?
Base acceleration mis?
Inner tank acceleration m/s?
R "
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 48 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.




Update Base Model

Analyses ¥ & X 7 LUSAS View: Example.mdl Window 1 X v
[Blrou.. SbAttri.. Qanal.. & utiliti.. ERepo.. ElLayers |[§ -40.0 200 0.0 200 400 60.0 80.0 100
=5 Example.mdl ~ Force
/3 Structural analyses 2
1 Base Analysis 3
02 Seismic Analysis EEEEETTE D
o
Component Vaiue
20:SSE_H resrseclorion %o
9 Linear sccelsratonin Y 00
80:Liquid_Overturning_SSE(BaseSlab) (x 1.0) o inear 00
id_Overtur SE(InnerTank) (x 1.0) | |2 g s 00
g Yaxs 00
7 a [Anguiar velociy about Z axis 00
84:AX_Base_SSE (x 1.0) 00
85:Liquid_Hydrodynamic_H_SSE (x 1.0) 1 I [Angular acceleration about ¥ 2xis e
=@ 30:55E_V
Loading °
°
(2 31:08E H <
#@ Loading
=2 32:08EV 3
0 Loading
3 Staged Construction Analysis
5 Eigenvalue Analysis HHT i t
3 Post processing S
3:WO Roof RingBeam 1st PS ONLY
Name | AX_Roof SSE RSN

WO Roof RingBeam All PS ONLY
WO Roof Frame1 ONLY

WO Roof Dead Load Others

WO Roof Frame2 ONLY Close Cancel Apply Help
WO Roof Frame3 ONLY
4 59:Roof Wet Concrete ONLY

4 60:RingbeamPS VerticalP$ ONLY
 61:08E Max(+)
4 62:0BE Max(-)

4 63:SSE Max(+) e
29:SSE_H ‘ = e

-20.0

-40.0

None ¥ Specifv...

Fig 49 Horizontal Seismic Loading for Roof (SSE)

Analyses LUSAS View: Example.mdl Window 1 X v
[Slerou.. Attri.. QAnal.. utiliti.. ERepo. N 400 200 00
=2 Example.mdl ~
& Structural analyses
01 Base Analysis o Analysis category | 3D
* 02 Seismic Analysis <
& Material Component Value
- (29:SSE_H Linear acceleration in X 50
6 Loading [Linear acceleration in Y 00
80:Liquid_Overturning_SSE(BaseSlab) (x 1.0) [Linear acceleration in Z 00
81:Liquid_Overturning_SSE(InnerTank) (x 1.0) [Angular velocity about X axis 00
2 gL Y axis 00
~ Angular velocity about Z axis 0.0
X /Angular acceleration about X axis 0.0
85:Liquid_Hydrodynamic_H_SSE (x 1.0) Angular acceleration about Y axis 00
(5 30:SSE_V [Angular acceleration aboutZ axis 00
(8 Loading
(31:08E_H o
0 Loading S
(32:08E V
(0 Loading
(1 03 Staged Construction Analysis
= 05 Eigenvalue Analysis
/53 Post processing o
453:WO Roof RingBeam 1st PS ONLY S
# 54:WO Roof RingBeam All PS ONLY ¥
ooy T ——
#157:WO Roof Frame2 ONLY
4158:WO Roof Frame3 ONLY
459:Roof Wet Concrete ONLY S Close Cancel Apply Help.
+ 60:RingbeamPS VerticalPS ONLY < -
461:0BE Max(+) :
4#62:0BE Max(-)
4 63:SSE Max(+) e
29:5SE_H ‘ ~ e
None ~ | speciy...| |3

Fig 50 Horizontal Seismic Loading for Wall (SSE)
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Seismic Analysis

Analyses

v @X " LUSAS View: Example.mdl Window 1 X

[Blorou.. dAttri.. (QAnal.. & utiliti.. Erepo.. [FlLayers 400 200 0.0

£/ Bxample.mdl
9 Structural analyses
= 01 Base Analysis
(% 02 Seismic Analysis
(52 Material
£ 229:SSE_H
~ 2 Loading

80:Liquid_Overturning_SSE(BaseSlab) (x 1.0)
81:Liquid_Overturning_SSE(InnerTank) (x 1.0)

AX_Roof_SSE (x 1.0)

55 30:55E\
3 Loading
=% 31:0BE_H
S Loading
(55 32:08EV
2 Loading
03 Staged Construction Analysis
5 05 Eigenvalue Analysis
/53 Post processing
453:WO Roof RingBeam 1st PS ONLY
# 54:WO Roof RingBeam All PS ONLY
55:WO Roof Frame1 ONLY
4 56:WO Roof Dead Load Others
57:WO Roof Frame2 ONLY
4 58:WO Roof Frame3 ONLY
4 59:Roof Wet Concrete ONLY
4 60:RingbeamPS VerticalP$ ONLY
4 61:0BE Max(+)
4 62:0BE Max(-)
4 63:SE Max(+)
29:SSE_H

None

{_SSE (x 1.0)

. Specify...

~

60.0

Analysis category | 3D

Component

[Linear acceleration in X

. [Linear acceleratonin Y

Linear acceleration in Z

[Anguiar velocty about X axis

[Angular velociy aboutY axis

[Angular velochy about Z axis

[Angular accaleration about X axis

400

[Angular accaleration about Y axis

20.0

20.0

[Angular acceleration aboutZ axis

Name [ AX_Base S5t

Close Cancel

Fig 51 Horizontal Seismic Loading for Base Slab (SSE)

Analyses

vax // LUSAS View: Example.mdl Window 1 X

[Blerou.. foatti.. (NAanal.. P utiliti.. ERepo.. [FLayers 40,0 200 0.0

= Example.md
(63 Structural analyses
= 01 Base Analysis
(% 02 Seismic Analysis
Q0 Material
©029:SSE_H
=5 Loading

82:AX_Roof_SSE (x 1.0)
83:AX_Wall_SSE (x 1.0)
:AX Base SSE (x 1.0

#3 Loading

4= 03 Staged Construction Analysis
= 05 Eigenvalue Analysis

£33 Post processing

WO Roof RingBeam 1st PS ONLY
WO Roof RingBeam All PS ONLY
WO Roof Frame? ONLY

WO Roof Dead Load Others
57:WO Roof Frame2 ONLY
58:WO Roof Frame3 ONLY
Roof Wet Concrete ONLY

4 63:5SE Max(+)
29:SSE_H

80:Liquid_Overturning_SSE(BaseSlab) (x 1.0)
81:Liquid_Overturning_SSE(InnerTank) (x 1.0)

:Liquid_Hydrodynamic_H_SSE ( 1.0)

60.0

40.0

Analysis category | 3D

OTotal ® Per unit length

BEC)

Apply Help

Per unit area

Component

- [XDirection

- |V Direction

[ZDirecion

Moment about Y axis

20.0

0.0

200

v

+

None

v Specify...| |

00
00
00
00
00

Value
37804EE"costheta

Name  Liquid_Hydrodynamic_ H_SSE

Close Cancal

Fig 52 Horizontal Seismic Loading of Liquid Force (SSE)

BIE)

Apply Help

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 SOOE3 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.
O 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

%

LUSAS View: Example.mdl Window 1 X

~40.0 20.0

20 Local Distributed

Analyses vax
[Blerou.. feattri.. (QAnal.. P utiliti.. ERepo... [FLayers
/3 Bxample.mdl ~

& Structural analyses
1 Base Analysis
% 02 Seismic Analysis
12 Material
=£229:SSE_H
(=2 Loadir

82:AX_Roof_SSE (x 1.0)
83:AX_Wall_SSE (x 1.0)
84:AX_Base_SSE (x 1.0)
85:Liquid_Hydrodynamic_H_SSE (x 1.0)

52 30:SSEV
Q1 Loading
15 31:0BE_H
G Loading
515 32:08E_V
3 Loading

2 03 Staged Construction Analysis

5 Eigenvalue Analysis

/23 Post processing

4 53:WO Roof RingBeam 1st PS ONLY
 54:WO Roof RingBeam All PS ONLY
4 55:WO Roof Framet ONLY
4 56:WO Roof Dead Load Others
#57:WO Roof Frame2 ONLY
#158:WO Roof Frame3 ONLY
9:Roof Wet Concrete ONLY
RingbeamPS VerticalPS ONLY

4 61:0BE Max(+)

4 62:0BE Max(-)

4 63:SSE Max(+) M
‘ 29:SSE_H ‘ e
None | Specify...

60.0

40.0

20.0

200

Analysis category | 3D

Distribution type

Line ®area

Component

[
*Drecion |

ly Direction
'z Direction

Neme | Liquid_Overturning_SSE(BaseSlab)

Cancel

Value
00

-15.367E 3 inear variaton

Apply

~ 5 80)

Help

Fig 53 Horizontal Seismic Loading of Overturning Moment from Base Slab (SSE)

Analyses

FAX | LUSAS View: test.mdl Window 1 X

B 6. @ an. # Uti. B re. & att. O Lay 400

200 00

1000

=% 03 Seismic Analysis ~
£ Q2 Material
@32:55E H
3 Loading
8,

85:AX_Wall_SSE_ (x 1.0)
86:AX_Base_SSE (x 1.0)
87:Liquid_Hydrodynamic_H_SSE (x 1.
& C3 Deactivate
55 33:55EV
& S Loading
93:AZ_Roof_SSE (x 1.0)
04:A7_Wall_SSE (x 1.0)
95:AZ_Base_SSE (x 1.0)
96:AZ_InnerTank_SSE (x 1.0)
97:Liquid_Hydrodynamic_2_SSE (x 1.
35 34:0BE_H =
= S Loading &
76:AX_Roof_OBE (x 1.0)
77:AX_Wall_OBE_ (x 1.0)
78:AX_Base_OBE (x 1.0)
79:Liquid_Hydros
80:Liquid_Overtu
81:Liquid_Overturning_OBE(InnerTant | [
3 (5 35:08E_V
& & Loading
88:AZ_Roof_OBE (x 1.0)
80:A7_Wall_OBE (x 1.0)
90:AZ_Base_OBE (x 1.0)
01:AZ_InnerTank_OBE (x 1.0) S
92:Liquid_Hydrodynamic_z_0BE (x 1. |||
1= 04 Staged Construction Analysis
6 Eigenvalue Analysis

< >

100

Fig 54 Horizontal Seismic Loading of Overturning Moment from Inner Tank (SSE)

Vertical Loadings

Analysis category |3

O Total (@ Per unitlength i
Component Value

X Diection 00

¥ Direction

ZDirection -10.7755E3"OverTumingMoment(inner Tank)

Moment about X axis 00

Moment about Y axs. 00

Moment aboul Zaxis 00

Name | Liquid_Overturning_SSE(innerTank) M=)

Close Cancel Apply Help

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

Analyses vax
[Blorou.. deAttri.. RAnal.. o utiliti.. Erepo
=3 Bxample.mdl ~

/3 Structural analyses
= 01 Base Analysis
% 02 Seismic Analysis
£ Material
15 29:55E_H
1030:SSE_V

T
:AZ_Base_SSE (x 1.0)
94:AZ_InnerTank_SSE (x 1.0)
95:Liquid_Hydrodynamic_Z_SSE (x 1.0)
5 31:08E H
2 Loading
515 32:08EV
0 Loading
412 03 Staged Construction Analysis
12 05 Eigenvalue Analysis
/33 Post processing
4153:WO Roof RingBeam 1st PS ONLY
4154:WO Roof RingBeam All PS ONLY
455:WO Roof Frame1 ONLY
4156:WO Roof Dead Load Others
#157:WO Roof Frame2 ONLY
4158:WO Roof Frame3 ONLY
#159:Roof Wet Concrete ONLY
4 60:RingbeamPS VerticalPS ONLY
#161:08E Max(+)
62:08E Max(-)
463:SSE Max(+)
4 64:SSE Max(-)
4 65:Prestress Horizontal ONLY (Lona) A
30:SSE_V

None > | specify...

LUSAS View: Example.mdl Window 1 X

-40.0 200 0.0

Analyses

Grou... deAttri.. (RAnal.. o Utiliti.. ERepo..
Example.md| ~
3 Structural analyses
4= 01 Base Analysis
% 02 Selsmic Analysis
£ Material
29:5SE_H
=@30:SSE_V
3 Loading
91:AZ Roof SSE (x 1,0)
9 all_SSE (x 1.0)

e SOE (X
94:AZ_InnerTank_SSE (x 1.0)
95:Liquid_Hydrodynamic_Z_SSE (x 1.0)

1:08E_H

G Loading

55 32:08EV

@ Loading

3 Staged Construction Analysis

5 Eigenvalue Analysis

/63 Post processing

4 53:WO Roof RingBeam 1st PS ONLY
4 54:WO Roof RingBeam All PS ONLY
4 55:WO Roof Frame1 ONLY

4 56:WO Roof Dead Load Others

4 57:WO Roof Frame2 ONLY

4 58:WO Roof Frame3 ONLY

Roof Wet Concrete ONLY

- 60:RingbeamPS VerticalPS ONLY

 61:0BE Max(+)

4 62:0BE Max(-)

 63:SSE Max(+)

Body Force

Analysis category | 3D

& Component Value
2 Linear acceleration in X 00
Linear acceleraton in Y 00
Linear acceleration in Z -6.0
[Angular velocity about X axis 00
[Angular velocity about Y axis 00
[Angular velocty about Z axis 00
g |Angular acceleration about X axis 0.0
< [Angular acceleration about Y axis 00
[Angular acceleration about Z axis 00
o
S
<
2 Name [AZ Roof SSE v]E o1
Close Cancel Apply Help
o
S
&
: Example.mdl Window 1 X |
E200) 00 Body Force
Analysis category | 3D
2 Component Value
° Linear acceleration in X 0.0
Linear acceleration in Y 0.0
Linear acceleration in Z -30
[Angular velocity about X axis 00
[Angular velocity about Y axis 00
- [Angular velociy about Z axis 00
=S Angular accsleration about X axis 00
Angular accsleration about Y axis 00
/Angular acceleration about Z axis 0.0
o
S
&
o
=3 Name [AZ_Wall SSE RC)
Close. Cancel Apply Help
°
=
8

4 64:5SE Max(-)

4 65:Prestress Horizontal ONLY (Lona) A
30:SSE_V ‘ -

None ~ | Specify...

Fig 56 Vertical Seismic Loading for Wall (SSE)

40



Update Base Model
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Fig 57 Vertical Seismic Loading for Base Slab (SSE)
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Fig 58 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.
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Fig 59 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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Fig 60 Roof Framel Loading

As these loadings are not permanent loading, they are not inherited by the subsequent
stages and are marked as ‘temporary’ in the loadcase name.
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Fig 61 Stage 9 of Staged Construction Analysis

200

Stage 9 assumes that the inner tank has been built. All insulation loading except for
‘Roof Liner’ will be defined and assigned at this stage.
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Fig 62 Stage 12-14 of Staged Construction Analysis

Stage 12 assumes that the roof is being built and the poured concrete is acting as a
loading on the ringbeam.
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Fig 63 Stage 12 of Staged Construction Analysis

Stage 13 assumes that the roof is completed (Roof ratio for 1% built is set to 1.0. As
shown below. At this stage the wet concrete loading assigned at Stage 12 is removed

and replaced with the body force of the Roof.

Fig 64 Roof Shape at Stage 13
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Fig 65 Stage 15 ~ 16 of Staged Construction Analysis
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Fig 66 Stage 15 of Staged Construction Analysis

At Stage 15, 50% of additional RingBeam Prestress is added. (The Load Factor is
updated from 0.5 to 1.0 for Horizontal Prestress Ringbeam load.)
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Fig 67 Stage 18 ~ 19 of Staged Construction Analysis
At Stage 16 the vertical prestress is added.
At Stage 17 all the horizontal prestress for the Wall is added.

Stage 18 is the final stage. The structures are complete as built, and all loadings for the
operating condition are added.

Stage 19 models long-term effects. The prestress values are updated to those for long-
term PS.

e Single layered roof 2

Stage Description Note
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Seismic Analysis

Stage Description Note

No. 1 Annular part

No. 2 1) + Base 1 PS

No. 3 2) + Circular part

No. 4 3) + Base 2™ PS

No. 5 4) + Wall is added up in stages

No. 6 5) + Ringbeam 1%

No. 7 6) + Wall End 1% PS

No. 8 7) + Ringbeam 1% PS

No. 9 8) + Roof Frame 1

No. 10 9) + Inner Tank Work

No. 11 10) + Roof Frame 2

No. 12 11) + Roof Frame 3

No. 13 12) + Ringbeam

No. 14 13) + Roof Wet Concrete

No. 15 14) + Roof Complete

No. 16 15) + Roof Inside Load

No. 17 16) + Vertical PS

No. 18 17) + Horizontal PS

No. 29 18) + Final Short term

No. 30 19) + Final Long term (Long term PS applied)
Table 1 Sequence of Construction Stages

e Layered roof option 1

Stage Description Note

No. 1 Annular part

No. 2 1) +Base I®*PS

46




Update Base Model

Stage Description Note
No. 3 2) + Circular part
No. 4 3) + Base 2™ PS
No. 5~6 4) + Wall & Ringbeam is added up in stages
No. 7 6) + Ringbeam 1% PS
No. 8 7) + Roof Frame 1
No. 9 8) + Inner Tank Work
No. 10 9) + Roof Frame 2
No. 11 10) + Roof Frame 3
No. 12 11) + Roof Lower Wet Concrete
No. 13 12) + Roof Lower Complete
No. 14 13) + Roof Lower Inside Load
No. 15 14) + Roof Upper Wet Concrete
No. 16 15) + Roof Complete
No. 17 16) + Ringbeam 2" PS
No. 18 17) + Vertical PS
No. 19 18) + Horizontal PS
No. 20 19) + Final Short term
No. 21 20) + Final Long term (Long term PS applied)

Table 2 Sequence of Construction Stages (Roof Ratio for 1 Built = 0.5)
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Fig 68 Stage 1 ~ 4 of Staged Construction Analysis

Stage 1 builds the annular part of the slab.

Stage 2 adds the 1% PS for the Base Slab

Stage 3 the central part of slab.

Stage 4 adds the 2™ PS for the Base Slab.

Stage 5 models the construction of the first lift of the Wall.
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Update Base Model

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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Fig 69 Stage 5 ~ 6 of Staged Construction Analysis

At Stage 6, the Wall and RingBeam construction is complete.
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LUSAS View: Staged LayeredolOptiont mdl Window 1 X < WUSAS View:Saged LayeradRoofOptont el Window 1 X

Fig 70 Stage 7 ~ 11 of Staged Construction Analysis

At Stage 7, 50% of RingBeam prestress is assumed to be applied if the ‘Initial
prestress for Ringbeam (ratio)’ is set to 0.5. (A Load Factor of 0.5 was used for the
Horizontal Prestress Ringbeam load.) If ‘Initial prestress for Ringbeam (ratio)’ is
set to a different value then the Ringbeam prestress at Stage 7 will have a different load
accordingly.

Stages 8, 10 and 11 assume that there could be temporary loads on the line where the
roof and RingBeam are connected. The loadings for Roof Frame 1, Roof Frame 2 and
Roof Frame3 are defined using user inputs. The user needs to input total loading and
Modeller will automatically convert this to the equivalent load per unit length
according to the length of line the loading is assigned to.
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As these loadings are not permanent loading, they are not inherited by the subsequent

stages and are marked as ‘tempora

ry’ in the loadcase name.
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Fig 72 Stage 9 of Staged Construction Analysis

Stage 9 assumes that the inner tank has been built. All insulation loading except for

‘Roof Liner’ will be defined and as

signed at this stage.
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Fig 73 Stage 12-14 of Staged Construction Analysis

Stage 12 assumes that the lower half of the roof is being built and the poured concrete
is acting as a loading on the ringbeam.
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Fig 74 Stage 12 of Staged Construction Analysis
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Stage 13 assumes that the lower half of the roof is built (if Roof ratio for 15 built = 0.5
from Tank Definition), and the lower part of the roof is newly activated. As shown
below, the geometric properties used represent those for only half of the Roof at stage
13, only becoming geometric properties for the whole roof at stage 16.

Stage 13 assumes that the lower part of roof is completed. At this stage the wet
concrete loading assigned at Stage 12 is removed and replaced with the body force of
the lower part of Roof.

Fig 75 Roof Shape at Stage 13, 16.

ot Comeisased)

ora o=

Fig 76 Stage 15 ~ 16 of Staged Construction Analysis
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Fig 77 Stage 15 of Staged Construction Analysis

Stage 15 models the upper half of the Roof being built with the poured concrete acting
as a load on the already cast lower half of the Roof.

Stage 16 assumes that the upper part of the Roof is now built. The wet concrete loading
assigned at Stage 15 is removed and replaced with the body force of the upper part of
the Roof.

At Stage 17, 50% of additional RingBeam Prestress is added. (The Load Factor is
updated from 0.5 to 1.0 for Horizontal Prestress Ringbeam load.)

Boales vax

Fig 78 Stage 18 ~ 19 of Staged Construction Analysis

At Stage 18, the vertical prestress is added.
At Stage 19, all the horizontal prestress for the Wall is added.
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Stage 20 is the final stage. The structures are complete as built, and all loadings for the
operating condition are added.

Stage 21 models long-term effects. The prestress values are updated to those for long-
term PS.

If ‘Roof ratio for 1% built’ is set to 1, the following sequence for the staged construction
analysis will be applied.

e Layered roof option 2

Stage Description Note

No. 1 Annular part

No. 2 2) + Base Ist PS

No. 3 3) + Circular part

No. 4 4) + Base 2" PS

No. 5~6 5) + Wall & Ringbeam is added up in stages

No. 7 6) + Wall End 1% PS

No. 8 7) + Ringbeam 1 PS

No. 9 8) + Roof Frame 1

No. 10 9) + Inner Tank Work

No. 11 10) + Roof Frame 2

No. 12 11) + Roof Frame 3

No. 13 12) + Roof Lower Wet Concrete

No. 14 13) + Roof Lower Complete

No. 15 14) + Roof Lower Inside Load

NO. 16 15) + Wall End 2™ PS

No. 17 16) + Ringbeam 2™ PS

No. 18 17) + Roof Upper Wet Concrete

No. 19 18) + Roof Complete

No. 20 19) + Vertical PS
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Stage Description Note
No. 21 20) + Horizontal PS

No. 22 21) + Final Short term

No. 23 22) + Final Long term (Long term PS applied)
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Fig 79 Stage 1 ~ 4 of Staged Construction Analysis

Stage 1 builds the annular part of the slab.

Stage 2 adds the 1% PS for the Base Slab
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Stage 3 the central part of slab.

Stage 4 adds the 2" PS for the Base Slab.

Stage 5 models the construction of the first lift of the Wall.

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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Fig 80 Stage 5 ~ 6 of Staged Construction Analysis

At Stage 6, the Wall and RingBeam construction is complete.
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Fig 81 Stage 7 ~ 11 of Staged Construction Analysis

At Stage 7, 50% of Wall end 1st prestress is assumed to be applied (A Load factor of
0.5 was used for the Horizontal Prestress Wall End 1% load).

At Stage 8, 50% of RingBeam prestress is assumed to be applied if the *‘Initial
prestress for Ringbeam (ratio)’ is set to 0.5. (A Load Factor of 0.5 was used for the
Horizontal Prestress Ringbeam load.) If ‘“Initial prestress for Ringbeam (ratio)’is
set to a different value then the Ringbeam prestress at Stage 8 will have a different load
accordingly.

Stages 9, 11 and 12 assume that there could be temporary loads on the line where the
roof and RingBeam are connected. The loadings for Roof Frame 1, Roof Frame 2 and
Roof Frame3 are defined using user inputs. The user needs to input total loading and
Modeller will automatically convert this to the equivalent load per unit length
according to the length of line the loading is assigned to.
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(Attributes
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Fig 82 Roof Framel Loading
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As these loadings are not permanent loading, they are not inherited by the subsequent
stages and are marked as ‘temporary’ in the loadcase name.
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Fig 83 Stage 10 of Staged Construction Analysis

Stage 10 assumes that the inner tank has been built. All insulation loading except for
‘Roof Liner’ will be defined and assigned at this stage.
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Fig 84 Stage 12-14 of Staged Construction Analysis

Stage 13 assumes that the lower half of the roof is being built and the poured concrete
is acting as a loading on the ringbeam.
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Fig 85 Stage 13 of Staged Construction Analysis
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Stage 14 assumes that the lower half of the roof is built (if Roof ratio for 1% built = 0.5
from Tank Definition), and the lower part of the roof is newly activated. As shown
below, the geometric properties used represent those for only half of the Roof at stage
14, only becoming geometric properties for the whole roof at stage 19.

Stage 14 assumes that the lower part of roof is completed. At this stage the wet
concrete loading assigned at Stage 13 is removed and replaced with the body force of
the lower part of Roof.

Fig 86 Roof Shape at Stage 14 and Stage 19.

Sott £ 2 50309
o Soncty

Fig 87 Stage 15 ~ 16 of Staged Construction Analysis

At Stage 16, 50% of additional Prestress for Wall End lot is added. (The Load Factor is
updated from 0.5 to 1.0 for Horizontal Prestress_12LOT(Short) load.)

At Stage 17, 50% of additional RingBeam Prestress is added. (The Load Factor is
updated from 0.5 to 1.0 for Horizontal Prestress_Ringbeam load.)
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Fig 88 Stage 18 of Staged Construction Analysis

Stage 18 models the upper half of the Roof being built with the poured concrete acting
as a load on the already cast lower half of the Roof.

Stage 19 assumes that the upper part of the Roof is now built. The wet concrete loading
assigned at Stage 18 is removed and replaced with the body force of the upper part of
the Roof.

K Lusas View tstmel Window 1 X

& WO Rk Fran Y

Fig 89 Stage 18 ~ 19 of Staged Construction Analysis
At Stage 20, the vertical prestress is added.
At Stage 21, all the horizontal prestress for the Wall is added.

Stage 22 is the final stage. The structures are complete as built, and all loadings for the
operating condition are added.

Stage 23 models long-term effects. The prestress values are updated to those for long-
term PS.

If ‘Roof ratio for 1% built’ is set to 1, the following sequence for the staged construction
analysis will be applied.
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Stage Description Note
No. 1 Annular part
No. 2 1) + Base 1 PS
No. 3 2) + Circular part
No. 4 3) + Base 2™ PS
No. 5~16 | 4) + Wall & Ringbeam is added up in stages
No. 17 16) + Ringbeam 1% PS
No. 18 17) + Roof Frame 1
No. 19 18) + Inner Tank Work
No. 20 19) + Roof Frame 2
No. 21 20) + Roof Frame 3
No. 22 21) + Roof Wet Concrete
No. 23 22) + Roof Complete
No. 24 23) + Roof Lower Inside Load
No. 25 24) + Ringbeam 2" PS
No. 26 25) + Vertical PS
No. 27 26) + Horizontal PS
No. 28 27) + Final Short term
No. 29 28) + Final Long term (Long term PS applied)

Table 3 Sequence of construction stages (Roof ratio for 1° built = 1)

User Updates

Construction Sequence

If required, additional loadings or stages can be added.

To duplicate loading types within the Analyses C! 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.
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Fig 90 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.

User Updates

Loadings

As discussed, at in the section titled Staged Construction Analysis, some loadings may
need 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.

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 6 and Stage 7 needs to be changed to 15
days, Nonlinear Control for Stage 6 should be updated.
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Default settings for Stage 6 are shown below.

s - X‘ Nonlinear & Transient
[Slerou... SeAttri.. (QAnal..  utiliti..[ElRepo... [ElLayers
(3 Activate R Incrementation Solution strategy
% Nonlinear and Transient Nonlinear [[]same as previous loadcase
58 70:Baze5lab 2nd PS(CRSH) Incrementation Manual ¥ Max number of iterations 12
(# Loading
% Nonlinear and Transient Starting load 0.1 Residual force norm 0.1
) 71:Wall(CRSH) . 5
5 Loading Max change in load factor 0.0 Incremental displacement 0.0
3 Activate Max total load factor 1.0 Advanced...
% Nonlinear and Transient
=14 72:Ringbeam(CRSH) Adjust load based on convergence Incremental LUSAS file output
(3 Supports § .
8 Loading Iterations per increment 4 [[]same as previous loadcase
—LAdiate Displacement reset Output file 1
owin Advanced... Plot file l1000 |
#a Loading ;
V]
% Nonlinear and Transient G T o Restart file 0

=% 74:Roof Frame1(CRSH,temporary)

0 Loading Initial time step 100 Max number of saved 0

% Nonlinear and Transient

R ——— Log file 1
=4 75:Inner Tank Work(CRSH) Total response time 60.0
(@ Loading History file 1
% Nonlinear and Transient GlionEtCtneiasepig
& 76:Roof Frame2(CRSH,temporal
@ Loading ( porery pchanced: [[JSave a restart at the end of this control
% Nonlinear and Transient Common to all
=k 77:Roof Frame3(CRSH,temporary) Max time steps or increments | 100000
#3 Loading
% Nonlinear and Transient
=1 78:Roof Wet Concrete(CRSH,temporary) v Cancel Help
< >

Fig 91 Nonlinear Control for Stage of Ringbeam (Default)

O Initial Time Step : Analysis is performed at every 10 days.
O Total Response Time : This stage lasts up to 60 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 65, 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 7" 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.

Tip

The unit of time is set on the Model Properties dialog by selecting the File > Model
Properties menu item.
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Fig 92 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.
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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
Loadcase index

il 2 ] 3 4 | 5 [ e [ 7 [8] 9 10 11 [ 12 13 [ 14 15 [ 16 | 17 [ 18 | 18 [ 20 [ 24 7 [ 28 20 [ 30 [31] 32

| Permanent

Variable

Creep and Prestress. Roof frame/ concrete Test Lne || WD
Shrinkage pressure | pressure Load

uter
Outer | Outer Roof | Roof | Roof Live
tank Ro+ | AIPS|AIPS st ayer 2n LNG | LNG | Gas | Gas
no. | Gode Details tank | tank wo | tank tate | Rotst| Ron | (o |HFS AT Isjlaser 20 pyer Hydrost Preuma | LNG | LNG | G2s | G2¢ | L oad
Yoot | UPerroof | Ful 1 u- [ } (100
uctt i il s el 2 el i bl el T r-rCrTe-E T
wo, ’ B

135 T

Outer tank Others, Tempearture | Wind | OBE

sBg|RE

Temp | Temp. OBE | 0BE
Max | Min |V bor | vert

1889%|59

100 |

P g B s
Code and Details 5 1 [

ez | Woeor LT T e 150 ! Load factors

.00 | | [ 130 1.50 === T=

Uz, - 100 | I —— 00 50 I

<
9

Fig 93 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.)

(M Wy Wiy

Load combinations can be added. (more rows as necessary can be added)
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Design Load Combinations

Loadcases Worksheer

E

A B [ D
LC No. [Loadease Name Column___Load Category

1[Seinveight G Outer tank Ful
2|Dead Loads of Steel Structure 7 Others

3|Dead Ioad of iner and steel roof 7 Others

4[Dead load of steel structures on the roof T Others

s}mu ioad of Insulation 7 Oihers

| B|Pressure on outer tank wall due o insulation 7 Others

7[ial piing oading 7 Others

8[Dead load of Insulation Constr [

9| Liquid botiomiilax) 22 |LNG Max

10| Liquid bottom(Hin) 23 |LNG Min
11[Liquid wal (Max) 0

12| Liquid wal (Win}

13[Gas Pressureiilax) Gas Max
14|Gas Pressureiiin) Gas Min
15|Live load Live Load (roof)
16[Snow load Snow Load (roof)
17[Test load (Liquid) Hydrostatic
18[Test load (Preumatic) Preumatic
19(Presiress (Short) 3 Al PS Early
20[Prestress (Long) 4 All PS Late

LoadFa:torl Loadcases | o

F G H 1 ] K

User Guide for Losdcases’ shest
1. Loadcase Name (Column B)
- Should ba identcal with loadcase nama in the model
2. LF column (Column €. Load Factor Column)
- Refer to the number at 15t row of ‘LoadFactors’ sheet
- Put O if the loadcase & not used in the combanation.
3. Note
- Loadcases not to be used in the combinations can be removed from Losdcaser sheat
- Losdeases can be added at any row. a5 many 2 required.

User Guide for ‘LoadFactors’ sheet

1. LF column index

- The top Ine should be maintained with unique number

2. Code Name / Details

- This columns are used for defining the name of combination.

3. Note
- Row 2+2 are for u: ce only. and free to update.
- Combination data from the 5th row.

- Loadeases o be factored can be added a5 many a5 requried.
- Combinations san be added as many as required

Fig 94 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.

O Others 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...

Template Download

Combination data

| [Browse.., |

(0] Cancel Help

Fig 95 Dialog for Design Load Combination

U Template Download Downloads the template to be used for creating load
combinations to the current working folder.

U Combination data Select the load combination template.




Update Base Model

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 ¥ 2 X| cominaticn x|
Bayers ou... dattri.. | (B anal.. (o utiiit.. (ERepo [
| 45 65:Final Long term(Staged) ~|
iy Nocinear analyss options Method | Factored ~
B2 05 CRSH Analysis
#1506 Bgenvaiue Analyss b induded
53 Post processing 5 Post processing A D N ‘ Faclor |
ikt 56| WO ool Base P5 GNLY 3
37:W0 Roof Tark QNP e
57| WO Roaf Tank ONLY 135
4F) $8:WO Roof RingBieam 15t PS ONLY 261010 Roof Rgheaf 15175 Cha ¥ 3| wo wn:;am s PS ONLY 3
£E) 99:W0 Roof RingBeam Al PS ONLY 99:W0 Roof RingBea Al PS ONLY
&) 100:WO Roof Frame 1 ONLY 100:WO Roaf Frame JOMLY
£ 101:WORoof Dead Load Cthers 101:WO Roof Dead Ljad Others
£ 102:WO Roof Frame2 ONLY 102:WO Roof Frame JONLY
£H 103:WO Roof Frame3 ONLY 103: W0 Roof Frame JONLY ==
£ 104 Roof Wal and Lower Roof 104:WO Roof Wal anki Lower Roof
451 105:Ra0f Lower Wet Concrete ONLY 105:Roof Lower Wet foncrete ONLY <
Gk 106:Roof Upper Wet Conaete ONLY 106:Roof Upper Wet Foncrete ONLY
41 107:RingbeamP5 VerticalPS ONLY 107:RingbeampPs VerfealPs ONLY
£ 108:CRSH Early ONLY 1081CASH Early ONL
10%/CRSH Late ONLY)
£H 113U-L1-1 Tark WO roof +RB 1stPS +R8 IstPS a
BE T13:0C1-2_Tank WO roof +RD 1stPS 114:U-C1-3_Tank WO roof +RB 15tPS v|sEe
£F1 114:1UC1-3 _Tark WO roof +RB 15tPS = 2 Ll ) £ 24
4H 115:U-C1-4_Tank WO roof +RE 1etPS
£H 116:UC2-1_Tark WO rocf +RB 1stPS + RooPframes
£H 117:U-C2-2_Tank WO roof +RB 15t PS + Roofframe; - -
£H) 118U-C2-3 Tark WO roaf +RB 1stPS +Roofframe? Name |U-C11.Tank WO roof +R8 1stPS v [ wa
£F) 119:U-C2-4_Tark WO roof +RB 15tPS +Roof?framer.
£5) 110:Envelope (Max)
{4 112:Envel Min)
ikl Close. Cancel Apply Help
R e

Fig 96 Load Combinations Created in Modeller
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COP Parameters

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) v

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

(® Angle D (e.g 0;90;100) () Selected O Visible

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

["]1Exclude base slab results at pile heads and walls

Assumed diameter at crosswise piles 0 [m]

Assumed diameter at circumferential piles

Defaults Cancel Help

Fig 97 Dialog for Design Parameters — EN1992-1-1 (2005)

[m]

O 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, ys for reinforcing steel, ys for prestressing steel

respectively. For Accidental, 1.2, 1.0, 1.0 are given.
QO Yield Stress of Reinforcement (fy) : Yield strength of reinforcing steel in MPa.
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U O Ooo0 O OO

000

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

Elastic Modulus of reinforcement (Es) : Elastic Modulus of reinforcing steel
in MPa.

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

Roof concrete grade : Concrete strength in MPa.
Wall concrete grade : Concrete strength in MPa.
Base concrete grade : Concrete strength in MPa.

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

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

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

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

Computation Target : 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.

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

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.

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

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

It makes no difference if ‘fse’ is not specified in the reinforcement template.
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LNG Tank - Design Code X

Design parameters

Design code ACI318_14 v
Steel
Yield stress of tendon (fyp) 400.0 MPa
Tensile strength of tendon (fpu) 1.86E3 MPa
Elastic modulus of tendon (Ep) 200083 MPa
Concrete
Roof concrete grade MPa
Wall concrete grade MPa
Slab concrete grade MPa
Max concrete compressive strain (e_cu) 8.08-3
Computation target for visualization
@ange 0| (0g000:100) O Selected O Visible

[V]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 [m]

Assumed diameter at circumferential piles 0 {m]

Defaults Cancel Help

Fig 98 Dialog for Design Parameters — ACI318 14

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

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

U Max Concrete Compressive Strain : Ultimate strain at concrete failure (ACI
318-14 only)
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LNG Tank - Design Code

Design parameters
GB50010-2010

<

Design code

General

Loading conditions Persistent/Transient
Significance coefficient (y_0)

Unceraintycosficent(_Re)

Stability coefficient (¢)

Steel
Prestressed reinforcement type Strand1860 4
Area of shear reinforcement per surface area [mm?m?]
Concrete
Roof concrete grade C40 N
Wall concrete grade €50 N
Slab concrete grade C40 57
Advanced
.
Axial stress tolerance (% of fc)
Computation target for visualization
@Angle 0| (6.9 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 [m]

Assumed diameter at circumferential piles 0 [m]

Defaults Cancel Help

Fig 99 Dialog for Design Parameters — GB5001-2010

U Loading conditions : This is used to identify if the design values or the
characteristic values of the materials should be used, in accordance with clause

3.3.4;

U Significance coefficient(y_0) : In line with clause 3.3.2, the design loads are

multiplied by the significance coefficient of the structure;

U Uncertainty coefficient (y_ Rd)t : In line with clause 3.3.2, the design
resistance should be divided by the uncertainty coefficient. Note that when
“Seismic” is selected in the loading conditions droplist, this is renamed to

“Seismic adjustment coefficient (y RE)
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Design Checks for Tank

O Stability coefficient(¢) : This is defined in clause 6.2.15 and is used for the
calculation of the pure compression capacity in accordance with that same
section;

U Conventional reinforcement type: Based on the reinforcement type selected,
the elastic modulus and yield strengths of the conventional reinforcement are
calculated

U Prestressed reinforcement type : Based on the prestressed reinforcement type
selected, the elastic modulus and yield strengths of the tendons are calculated

O Area of shear reinforcement per surface area(mm?/m?):

O Concrete grade for roof/wall/slab: This was added, since [C1] defines the
design concrete strength (Table 4.1.4-1) based on the concrete grade

O Axial stress tolerance (% of fc):

[Rebar Attribute Name | Lot 1 (Hoop)
- - - PM Chart for Lot 1 (Hoop)
As As' Ap Es Ep ec v v Thickness
3671 7549 3324 200000 195000 -0.0035 1.50 115 800 25,000
d @ dp o fy oy fou fse

697.10 7450 288.00 40 500 1674 ] 1208

As As' Ap Es Ep ec Yo v Thickness
3671 7549 3324 200000 195000 -0.0035 1.50 115 800
22 o 4
] [ dp o fy oy fou fse 10,000
710 | 7650 | 2s800 | <0 ERLEEr o 1298
Original T Shifted .
TS nodal results W nodal results
= Hement | Group | Loadease | ITICKnESS Mi P | wmi pi utilPM
(mm) (kN.m) & M kvm) (kN) 5,000 4,000 3,000 2,000 1,000 9 1,000 2,000 3,000 4000
3014 950 wall | selfweight|  800.00 108 16780 -48214| 414662 072
3014 048 wall [1selweight]  800.00 103 16942 48219] -41450¢] 072 shoo
Shift to remove PS effect from nodal results -

o Nodal Results  ——Thk =800 Tk = 800

e Shifted force, Pi’ =Pi—fse * Apd
e 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.
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Layers

vax

'Grou... &Attri... QAna\... fUtmti...R&po...Layers

=3 Example.md|

=T Example.md| Window 1

Properties

Contour Results Appearance

7 Geometry Entity Tank Design - BS EN 19¢ ~
= Def?rmad mesh Component |UtilPM_t v
( & Attributes UtilPM t
1 - Utilities Display UtIPM rz
& Mesh Peapaci
pacity t
& Annotation Transform Pcapacity_rz
¥ Contours : None Mcapacity_t
% View properties Mcapacity_rz
UtilDC_t
Display o UtilDC_rz

7 |UtilShear_t
Draw in s|\tilshear rz
ShearResist_t
ShearResist_rz
ComDepth_t Apply Help
T ComDepth_rz

Fig 100 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.

PM Chart for Lot 4 (Vertical)
10,000

000

6,000

-1,000 1,000 1,500
i E Mc,Pc
l”
7
-10,000 ’/’
-
o"
-12,000
Thk = 406 .4 Thk = 406.4 @ Nodal Results e Capacity

Fig 101 Definition of UtilPM
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Design Checks for Tank

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.

U 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.

Minimum 0.517752E-3 i node 15225 of clement 5077 |+ oo Maximur

0.0446549
00893097
0133965

Maximum 0.40292 at node 24127 of element 7885
Minimum 1.02585E -3 al node 5322 of element 1727

Fig 102 Contour for UtilPM_t, UtilPM_rz

UtiIDC (Decompression Utilization)

UtilDC aims to check if 25mm of concrete around a tendon is in compression. UtilDC
is only available if EN1992 is chosen, and a value of less than 1 means it satisfies the

design code.

The UtiIDC calculation assumes the stress distribution through the thickness is linear.
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/ _ /
o o Stress Sign Convention F p Stress Sign Convention
(+) : Tension (+) : Tension
o L . L L .
(=) : Compression (=) : Compression
o L L -
o o L -
o Tendon cover (d;) L Tendon cover (d,)
ol q | y
on Diameter (D) 1 '
e —
“ _— 0
o ®m| Z=x-d-D, £ — Zo=dy-x
7 'z
M 1 Where x, distance from outer surfact to neutral axis, '74 Where x, distance from outer surfact to neutral axis,
! is computed by the Wizard from top/bottom nodal ! is computed by the Wizard from top/bottom nodal
stresses stresses
7
(e~ _ ) —
i ) Z, =0 (setUtIDC =100 ) ~ Z, =0 (setUtiDC = 100)
% 1 X
) | z.=h-d,-D, - Z =d,
z Z
(*) 7. =0 (set UtiIDC = 100) B 720 (setUtIDC = 100)
h h

Fig 103 Zc for Decompression Check
The tendon cover (dp) is the distance from outer surface to the tendon surface.

When the section is fully in compression the maximum value is set to 100. (ie. if
Zc<=0.25mm, UtilDC becomes 100.)

UtilDC = Zdec / Zc =25/ Zc.

O UtIDC t is the tendon and stress utilization in the hoop direction, and
UtilDC_rz is the utilization in the radial direction for the Roof and Base Slab,
and in the vertical direction for the Wall.

UtilDC is only available for sections that contain prestress tendons. In the hoop
direction, UtilDC _t is available for Wall and Slab. In the radial and vertical direction,
UtilDC_rz is available only for Wall.
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fnaysis 01 Base Anaiysis
Analysis: 01 Base Analysis Loadease: ool

e Ko e’ om0 sase s s
enuts o ExampleL01 Base Anaysis Enity:Tank Desigh- B8 EN 1095-11 (2005
iy ok et 68 £ 10051 055 Enty: Tank uﬁﬁ@" (2008) .
Componant: UG« _— 7
111087 s i i l 11108
| 5 :4a
333111 44.4241
444148 555301
sos18s a8t
Seeras { sesset ‘
i ] 888481 ;
¥ ]
i | | - 0550t
1 Maximum 100.0 at node 26905 of clement 8507
Maximum 100, at node 11477 ofsleman 3827 i | T 8 28008 51 Semerl 8507
Minimum 0.0666667 at node 15453 of element 5075 i M 0.0458716 at node 12645 of el 1429
i 1 }

Fig 104 Contours for UtiIDC _t, UtiIDC _rz

If concrete at the prestress tendon location is in tension_UtilDC is set to 100.

ShearResist (Shear Resistances)

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

Analysis: 01 Base Analysis Analysis: 01 Base Analysis

Loadraee Baan Londis. et
e Samiel Base Anabsis mys e Eaamield1 Base Anabeis
e S BT Srane s SSienYS)
omboem Sradmicas L Unie R — e S R ot Ny
171.372E3 P 381.794E3
gttt e
faeeses = il
ey R
o §58 seata
s
ke i bt 4
571.24E3 i 763 589E3 |
Bia i R {

Maximum 678.793E3 at node 5520 of element 1737 Maximum 819.24E3 at node 11245 of element 3827

Minimum 164.676E3 at nods 22045 of element 7729 Minimum 328 362E3 at node 32803 of elemen 10809

Fig 105 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.

fnalysis 01 Base Analysis
oatcase: TSl

eiht a0t ase sy
Resuis fie: Exa Base Analysis.my

Eri T Daah 65 €N 199811 2069 ReSuie e EampeLo1 Base Araysie m
Compnent i [ s Eniy Tark Dedgh 50 EN 1995-1-1 (009)
Wi

153025 138747

s z s |
Minimum 0.0 3t node 28329 of element 9445 Minimum 0.0 at node 33663 of slement 11211

Fig 106 Contour for UtilShear _t, UtilShear_rv
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PM Chart Report

A spreadsheet report that includes a PM chart can be produced by selecting the menu
item LNG Tank > Design Checks> Design Check Report ...

LNG Tank - Design Check Report X
|DesignCheckReport
Report flename
Working folder (® Current (O User Defined
Savein [ea jects\DesignC port_[Angle] xisx
Target
®Angles 20 | Group [AN ~ 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 07 m]
OAveraged results from all elements
Assumed diameter at circumferential piles 0.8 [m]
OAveraged results from visible elements
PM Check Report Shear Check Report Utilization Summary Report
[[]Peak element only []Peak element only []Peak element only
[[]Peak loadcase only [[]Peak loadcase only [[]Peak loadcase only

Loadcases / Combinations containing results
[[] Combinations only

~
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) 2

PM Chart Type

Slicing Line
Angle (Positive Direction)

X axis (0 Degree)

Fig 107 Dialog for Design Check Report with PM Chart

U Report 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.

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
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PM Chart Report

report will contain 30 worksheets for producing PM charts for two directions
(hoop/vertical or hoop/radial) for all 15 rebar arrangements.

esign Check with PM chart

[Rabar anroue Name Lot

Dl EEIZ12 B[R
/

o000 O

My W]

Fig 108 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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Design Checks for RC Slab

Design checks for RC Slab is for concrete crack checks. By selecting the Design>RC
Slab Design menu item, followed by an appropriate design code, a number of other
design checks are available. For more information, please refer to the LUSAS user
manual.

RC Slab/Wall Design X

Country UK v

Design code BS EN 1992-1-1:2004/NA:2005 M

Partial factors for materials

i

Concrete (yc)

Reinforcing steel (ys) 1.15

Coefficient for long term effects for concrete

Defaults OK Cancel Help

Properties X

Contour Results Appearance

Entity RC Slab/Wall - BS EN 19' ~

Component |Util(Max) v
) ~
Display  5gi(ULs)

Transform |Util(Asmin,Asmax)
Util(SLS)

Util(CC)

Util(SLS.S)

Display O,g_t!!(_&f&.c_). .....................
Draw in sy iishear)

Util(VRdc)

Util(VRdmax)

Appl Hel
UEITO) Ry =P

Fig 109 Dialog for RC Slab Design and Result Components (1)
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Design Checks for RC Slab

Properties het

Contour Results Appearance

Entity RC Slab/Wall - BS EN 19'
Component |Util(Max) ~
Util(Max)(T) ~

Display g asx(T)
Transform  |Util(Asy(T))
Ssx(T) - ULS
Ssy(T) - ULS
Fe(T) - ULS

, Sc(T) - ULS
Display O eise(T)) - ULS
Draw in s UHI(TCX(T))

Util(MinAsx(T))
Util(MinAsv(T))

Apply Help

Fig 110 Dialog for RC Slab Design and Result Components (2)
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