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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...

Include pile data Include insulation

[ Include selsmic data

Structure Definition  Material Properties | Boundary Conditions ‘ Loading ‘ Prestress Load | Pile Arrangement (303 | Seismic input 1| Seismic input 2

Concrete tank  Insulations

Base slab and Floo!  Wall and Ring beam
Base slab (Units: m)
Circular part length {L_inner)
Circular part depth (D_inner)
Tapered section length (W_t)
Annular part length ¢L_outer)
Annular part depth (D_outer)
Base heating (D_heating)

Foof (Units: m)
Radius of inner roof (R _roof_i)
Radius of outer raof (R _roof_o)

Helght from the top of the base slab to the topmost of
the roof (R_Height)

Distance of tapered section 1 (11}

Distance of tapered section 2 (s12)

Set zerm Set default

Fig 1 User Input for Tank Dimension and Loadings
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Name [Tk

@

Close

Help

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

Reinforcement and Prestress tendon

A Reinforcement and Prestress tendon arrangement is required to build the

corresponding model.

The template is available from the folder where LUSAS is installed. For example:

C:\Program Files

(x86)\LUSAS190\Programs\scripts\Tank\Tank_Template_Reinforcement.xIsx.




Base Model

Copy this file to the current working folder or download the file from the ‘Build model
for design check’ dialog.

Wall reinforcement

The worksheet named ‘Wall’ is used to define the inner and outer reinforcement
arrangement.

A maximum of 15 sets of wall reinforcement (excluding any in Ringbeam) can be
defined.

If not all of the permitted sets are required, the remaining rows can be left empty.

Location

Height
(m)

Separate
Stage (¥/N)

Cover
Thickness (mm)

Rebar
Arrangement
Type

Hoop Direction

Vertical Direction

Diameter
(mm)

Number of
Rebar

Spacing
(mm)

Diameter
(mm)

Number of
Rebar

spacing (mm)

Lot O

030

28.6

175

254

175

Lot 1

4.2

254

175

254

175

Lot 2

42

175

254

175

Lot 3

4.2

254

175

254

175

Lot 4

42

254

175

254

175

Lot 5

4.2

254

175

254

175

Lot 6

4.2

254

175

254

175

Lot 7

4.2

254

175

254

175

Lot 8

42

254

175

254

175

Lot 9

42

254

175

254

175

Lot 10

4.58

254

175

254

175

Lot 11

Lot 12

Lot 13

Lot 14

<|=<|=<|=<|=<|=|=<|=<|=<|=<|=<|=<|=<|<|<]|=

S B ES P BN P B ESNESY B b5 BN SY ESY P b

RingBeam

254

175

254

175

a
a

Fig 2 Reinforcement Arrangement for Inner Face of Wall

Location This will be used as the rebar arrangement dataset name in Modeller.

Height : The height of each section where the same rebar arrangement is used.
The sum of ‘Height” should be equal to the Height of Wall as defined in the
Tank Definition.
Separate Stage(Y/N) if set to ‘N’, the construction stage for the current section
will not be created and the section is activated at the previous stage.

Cover thickness The distance from the rebar surface to the nearest concrete

face (mm).
Rebar Arrangement Type

A - Vertical reinforcement is in the inner face of the wall

B - Horizontal reinforcement is in the inner face of the wall




Preparations

° .
Outer Face ° Inner Face Outer Face »| Inhner Face
ol .
Type A Type B

O Diameter Diameter of reinforcement (mm).

O Number of Rebar Number of bundled reinforcement bars. If bars are not
bundled, the value should be 1.

O Spacing Centre to centre distance between reinforcement. (mm)

) Rebar Hoop Direction Vertical Direction
Location Height o hi kC(wer Arrangement | piameter | Numberof | Spacing Diameter | Number of .
o SETERY) |[EEs Oy Type (mm) Rebar (mm) (mm) Rebar | P3N (mm)
Lot 0 60 A 348 1 175 318 2 175
Lot 1 60 A 254 1 175 318 1 175
Lot 2 60 A 254 1 175 254 1 175
Lot3 60 A 254 1 175 254 1 175
Lot 4 60 A 254 1 175 254 1 175
Lot 5 60 A 254 1 175 254 1 175
id Same with Inner| Same with Inner & A 254 ZS 254 ZS
Lot7 60 A 254 75 254 75
face face

Lot 8 60 A 254 1 175 254 1 175
Lot 9 60 A 254 1 175 254 1 175
Lot 10 60 A 254 1 175 254 1 175
Lot 11 A
Lot 12 A
Lot 13 A
Lot 14 A

RingBeam 60 A 254 1 175 254 1 175

Fig 3 Reinforcement Arrangement for Outer Face of Wall

U Rebar Arrangement Type
e A —Horizontal reinforcement is in the outer face of the wall

e B — Vertical reinforcement is in the outer face of the wall.




Base Model

\
Vs
-

Outer Face | @ Ifnner Face Outer Face | ‘» Inner Face

e

Type A Type B

Slab reinforcement

The worksheet named “Slab’ is used to define the inner and outer reinforcement
arrangement.

e A maximum of two sets of slab reinforcement can be defined: one for the
Annular part, the other for the Central Part. Only reinforcement in the radial and

circumferential directions is allowed (i.e. no crosswise reinforcement is
permitted)

e The Annular Part relates to the outer part of the Slab as illustrated below.
(=Louter)

L Linner J_‘I_L outer |
Ir

Fig 4 Definition of the Base Slab Annular Part




Preparations

Inner Face (Top Face)
Rebar Circumferential Direction Radial Direction
q Cover
Location 1 Arrang Diamet Number of | Spacing Diameter | Number of .
N Type (mm) Rebar (mm) (mm) Rebar |P2°Md (mm)
Annular Part &0 A 286 2 175 286 2 175
Central Part 60 A 318 1 175 318 1 175
Quter Face (Bottom Face)
Rebar Circumferential Direction Radial Direction
3 Cover
Location . Arrang t | Di ber of | Spacing Diameter | Number of .
Thickness (mm) Type (mm) Rebar (mm) (mm) Rebar |°P2C"d (mm)
Annular part 150 A 318 1 175 318 2 175
Central part 150 A 286 1 175 286 175
Fig 5 Reinforcement Arrangement for Slab
Rebar Arrangement Type
e A —Hoop reinforcement is in the upper face of the slab
e B - Radial reinforcement is in the upper face of the slab
° ® . = = =
Type A Type B
[ ® ® 3 . <
Type A Type B

Roof reinforcement
The worksheet named ‘Roof” is used to define the inner and outer reinforcement

arrangement.

e A maximum of two sets of slab reinforcement can be defined..

e The Varying Part relates to the outer part of the Roof as illustrated below. (=sl;

+sly)




Base Model

Hr ngbeam_2
+ Rl height

Fig 6 Definition of Roof Varying Part

Rebar Circumferential Direction Radial Direction
Cover
Location . Arrang t | Di ber of | Spacing Diameter | Number of
Thickness (mm) il
Type (mm) Rebar (mm) (mm) Rebar spacing (mm)
Varying Part 50 A 28.6 1 175 31.8 1 175
Central Part 30 A 254 1 175 254 1 175
Outer Face
Rebar Circumferential Direction Radial Direction
. Cover
Location ] AT Diamet: Number of | Spacing Diameter | Number of
Thickness (mm) = spacing (mm:
Type (mm) Rebar (mm) (mm) Rebar pacing (mm)
Varying Part 60 A 286 1 173 318 1 175
Central Part 60 A 28.6 1 175 28.6 1 175

Fig 7 Reinforcement Arrangement for Roof

O Rebar Arrangement Type
A — Hoop reinforcement is in the upper face of the roof

B — Radial reinforcement is in the upper face of the roof




Preparations

Prestress Tendon
The worksheet named ‘PreStress’ is used to define the Tendon arrangement for the
wall and slab.

o A maximum of 15 sets of tendon arrangements (excluding any in Ringbeam)
can be defined.

o If not all of the permitted sets are required, the remaining rows can be left
empty.

e The cover thickness to be stated is the distance from the outer surface to the
tendon surface.

o Fse, the effective stress in prestressing reinforcement for the base slab, applies
to the annular part only.




Base Model

Hoop Direction Vertical Direction Hoop
Location (-I(wer Diameter Spacing fse (.Iwer Diameter . fse No
e (mm) (mm) (MPa) Rliche mm PO MM tendons
(mm) (mm)
Lot 0 600 1.00E-03 1000 1 600 69.05 1262 1005
Lot 1 545 69.05 600 1005 545 69.05 1262 1005 7
Lot 2 421 69.05 525 1005 421 69.05 1262 1005 8
Lot 3 375 69.05 525 1005 375 69.05 1262 1005 8
Lot 4 37 659.05 600 1005 375 69.05 1262 1005 7
Lot 5 375 69.05 840 1005 375 69.05 1262 1005 5
Lot 6 375 69.05 240 1005 375 69.05 1262 1005 5
Lot 7 375 69.05 1050 1005 375 69.05 1262 1005 4
Lot & 375 659.05 1050 1005 375 69.05 1262 1005 4
Lot 9 37 69.05 1050 1005 375 69.05 1262 1005 4
Lot 10 375 69.05 114! 1005 375 69.05 1262 1005 4
Lot 11
Lot 12
Lot 13
Lot 14
RingBeam 700 69.05 630 1005 700 69.05 1262 1005 5
Hoop Direction
Cover |
Location Thickness | Diameter Spacing fse
from Bottom {mm) (mm) (MPa)
(mm)
Annular Part

Fig 8 Prestress Tendon arrangement for Wall and Base Slab

Build Base Model

The Base Model for a design check can be built by selecting the menu item LNG
Tank> Tank Definition...

10



Build Base Model

LNG Tank - Base Model for Design Check x

Tank definition data Tkl ~

Model filename ‘Examule | [ ST g der:

Excel for rebar arrangement ‘C:WSVNWVE[SiDHSWLUSAS V19 Templates Tank_Templs Browse, ., Template Download

Saved rmodel file path ‘C:WLISErsWDhssuWDucumEmsWLUSASIHD‘WF‘ijdsWExarl

Element size (m} Roof ratio for 1t build

‘Wind load (EN1531,1, 4, 2005) Butiress

Basic wind velocity (m/s) Mumber of buttress 0 ~
Roughness length 3.0E-3 (m)

- ’ Extruded thickness 1.0 (m)
Orography factor Butiress width g {m)
Tetraln factor 0.156 Eigenvalus
Turbulence factor MNurnber of eigenvalue
Air density (kg/m"3)

Include non-structural masses

Soil height above slab bottom (m)
Cancal Help

Fig 9 LNG Tank for Base Model for Design Check

O The spreadsheet for the reinforcement arrangement should be selected.

O Number of buttresses is set to 0.

QO Roof ratio for 1% build is set to 0.5. The roof thickness for 1% build will vary
according to this value in the staged construction analysis model. The 1%
Prestress amount for Ringbeam will also vary at the ‘Ringbeam 1% PS stage’ in
staged construction analysis model.

The model built is shown below.

11



Base Model

Attributes

v B x LUSAS View: Example(CodeChecking).mdl Window 1 x

{uovers [BlGroups & attiv.. (& analy..| vttt H Repo.. T ™ 0 0 =0 D
£ £ Example(CodeCheddng) mdl ~
5423 Attributes (411)
23 Mesh (45)
(23 tne (48)
=43 Surface (1)
& 43:Thickshell =1
23 Geometric (21)
2-£3 Surface (21)
1:Ro0f1
2Ro0f2
3Roof3 o
“4Roof4 =] W R w7
S:Roof_RingBeam_Bummy B
&:BaseSlab_Inner
7:Baseslab _Inner_imeg
&:Basesiab_Taper
@:Basesiab_Outer
10:Wl_Dummy_Regular =]
11:wal_Dummy_Buttress &
12:Wal_Tapered_Regular
13:Wal_Tapered_Buttress
14:Wal_Reguar
15:wal_Buttress
16:Ringbeam_Reguiar Ll
17:Ringbeam_Buttress =]
18:Roof1_Lower
19:Ro0f2_Lower
20:Roof3_Lower
21:Roof4 Lower
53 Material (12) El
2-£3 Isetropic (11) &
1:Basesiah
2:urall
RingBeam
“4Roof
S:Roof{half_mass) Ll
&:Raof_Ringbeam_Dummy ~ [
< > ‘

Fig 10 Base Model for Design Check

Reinforcement arrangement
The Reinforcement arrangement is saved as a Wood-Armer attribute in Modeller.

Q

a
a
a

Hoop Roof reinforcement is defined as Bar in X, and radial reinforcement as
BarinY.

Horizontal Wall reinforcement is defined as Bar in X, and vertical
reinforcement as Bar in Y.

Radial Slab reinforcement is defined as Bar in X, and hoop reinforcement as
BarinY.

Inner face reinforcement is defined at Top Face, and outer face at Bottom Face.
The local z axis of the shell elements is orientated toward the inner direction in
the model, hence the bottom face is equivalent to outer surface of wall.

For bundled reinforcement, the spacing is defined by Spacing / Number of rebar.
Note that this may affect the crack width, therefore care should be taken. Alternatively,
an equivalent diameter of bundled reinforcement with the Number of rebar set to 1
could be appropriate.

The table that follows shows the reinforcement for Wall Lot 1. Note that all references
to ‘Lot1’, ‘Lot 2’ etc. relate to ‘segments or regions of a wall with a specific
reinforcement arrangement’.

a

Rebar Arrangement Type of A for the Wall means that the vertical
reinforcement is on the inner face, therefore the Bar in Y is located in Layer 1.

12



Build Base Model

Rebar Hoop Direction Vertical Direction
Location Hehe SRS r Arrangement i il i
m Stage (Y/N) |Thickness (mm) ng Diameter Number of Spacing Diameter Number of o
Type (mm) Rebar (mm) (mm) Rebar
Lot 0 0.30 N 60 A 28.6 175 254 175
Lot 1 4.2 ¥ 60 A 254 175 254 175
Attrbutes v LUSAS View: ExampletCodeChecking).m Window 1 fx | S
Brevers [Eoroups dbatriv... (B analy.. o utiit.. [ repo. -40.0 RC Slab Design - Definition from LNG Reinforcement Spreadsheet X
= 2:LocalCoord =
Hocecoor ~ el Fnalysia category
L. [&] 4:Wind_Local 1 T Toplayer 1
-3 Spherical (0 Barsizes  (EHD . T
©.[&) :Spherical for ForceExtracton i S Ne
/23 Actvate clements (1) K
i, u garsze  Spacig SONCY
aiﬂi"sﬂ‘fs‘“;:”" Cl = Barsinx  [Layard 286mm 150 | mm I Ll
Deactvat .
Top layer 2
& 2peactvateRoofring) Barsiny [Layer 1 2.4mm 70| mm ! » P 57
& Deactivate (Roof center) z v .
/23 Equivalence mesh (1) ‘ o 0
& tEart Barsinx  [Layer i 34,8mm 1750 mm 1 i
29 Search area (1) = x .
e sech Barsiny’ [Layer2 31.8mm 875 mm i ! i
23 Wood-Armer (16) | ! |
=-E3 RC slab (16) Cover Top (800 Bottom 60,0 mm Bars
B 1:BaseSlab(Central Part) (T[C=60mm, DiaX=31 i inY /' Befiem [Eyer 2
2:BaseSlab{Annular Part) (T[C =60mm, DiaX=2{ ] -
3:Lot 0 (T[C=60mm, DiaX=28,6mm, Dia =25.4 El Norminal cover Top 0.0 Botom 50,0 mm Ny
Lot 1(T[C=60mm, DiaX=25. 4mm, Dia¥ =25.4 B y o~
5:Lot 2 (T[C=60mm, DiaX=31.8mm, DisY=25.4 & !
6:Lot 3 (TlC=60mm, DiaX=25. 4mm, Dia¥ =25.4 Angle of bars in y' fram bars in 90,0

7iLot 4 (TIC=60mm, DiaX =25, 4mm, DiaY =25.4
8:Lot 5 (T[C=60mm, DiaX=25. 4mm, Dig =25.4
©:L0t 6 (T[C=60mm, DiaX =25, 4mm, DiaY =25.4
10:L0t 7 (T[C=60mm, DiaX =25, 4nim, DiaY =25,
11:Lot 8 (TIC=60mm, DiaX=25.4mm, DiaY =25.
12:Lot 8 (T[C=60mm, DiaX =25, 4mm, Dia'f =25,
13:Lot 10 (T[C=60mm, DiaX =25, 4mm, DiaY =21
14:RingBeam (T[C=60mm, DiaX =25, 4mm, DiaY
15:Ro0f(Central Part) (T[C=S0mm, Diak=25.%
16:Roof(Varying Part) (T[C=50mm, DiaX=28.61

/E3 Results Transformation (3)
& LResultTransformation_Reof
&, 2:ResultTransformation_Wall
& =ResultTransformation_Easeslab v

>

200

Name [Lot0

Fig 11 Reinforcement Arrangement for Wall Lot 1

Tendon Arrangement

The Tendon arrangement is also saved as a Wood-Armer/RC Slab attribute. However
this cannot be seen in Modeller. Note that because of this, if the reinforcement
information is updated from Modeller directly, tendon information will be lost.

Analyses

Six analyses having a total of 95 loadcases are set-up in the model.

W]

O R R

Base Analysis A static analysis. A total of 30 loadcases are provided including
5 for user-defined loading.

Thermal Analysis The result of a separate thermal analysis is to be imported

here.
Seismic Analysis

loading are to be added.
Staged Construction Analysis 29 construction stages are defined with self

weight only.

Equivalent peak seismic acceleration and hydrodynamic

CRSH Analysis As for Staged Construction Analysis, combinations have been
added to consider the pure effect from Creep and Shrinkage alone. This is

13




Base Model

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

Analyses ¥ B X | Analyses w 3 X |Analyses v & x
[Eiayers [Slcroups & Attrib... (B Analy... o Utiliti.. (ERepo.. | [@lavers [FGroups &b Attrib. (5 Analy... < Utiliti... [E Repo.. [Eayers [BlGroups & Attrib... (B Analy... £ Utiliti... (5 Repo...
=53 F le(CodeChecking) mdl =43 Example(CodeChecking).mdl ~ (=423 Example(CodeChedking) mdl
-3 Structural analyses - Structural analyses 423 Structural analyses
= 01Base Analysis = 01Base Analysis -5 01Base Analysis
#1-= 02 Thermal Analysis : ~ = 02 Thermal Analysis
+1- 2 03 Seismic Analysis -2 Material (L) 31:Max Temperature
= 04 Staged Construction Analysis A 1seifweight (%) 32:Min Temperature
1= 05 CRSH Analysis () 2:Dead Loads of Steel Structure. )= 03 Sesmc Analysis
#-%2 06 Eigenvalue Analysis ~(5) 3:Dead load of liner and steel roof (23 Material
— (E) 4:Dead load of stee! structures on the roof 3RSSEH
£E) 96:W0 Roof Base PS ONLY (Y 5:Deadload of Insuiation 3HSSE_V
~£F) 97:WO Roof Tank ONLY (T &:Pressure on outer tank wall due to insulation +Y) 35:08E_H
£F) 98:WO Roof RingBeam 1st PS ONLY (E) 7:Wall piping loading 36:0BE_V
~41F) 99:WO Roof RingBeam All PS ONLY - () 8:Dead load of Insulation Constr ——
£ 100:W0 Roof Frame1 ONLY (5 g:Liquid bottom{Max) ~= 05 CRSH Analysis
#4E) 101:WO Roof Dead Load Others (E) 10:Liquid bottom (Min) %= 06 Eigenvalue Analysis
~4£F) 102:WO Roof Frame2 OMLY ~(5) 11:Liquid wall (Max) =43 Post processing
£ 103:W0 Roof Frame3 ONLY (5 12:Liquid wall (Min) -£F) 96:W0 Roof Base PS ONLY
~4£F) 104:WO Roof Wall and Lower Roof (E) 13:Gas Pressure(Max) £E) S7:WO Roof Tank ONLY
-4 105:Roof Lower Wet Conerete ONLY ~(5) 14:Gas Pressure(Min) --£1F) 88:W0 Roof RingBeam 1st PS ONLY
<) 106:Roof Upper Wet Concrete ONLY (5] 15:Live load -£F) 99:W0 Roof RingBeam All PS ONLY
~#E) 107:RingbeamP$ VerticalPS ONLY (E) 16:5now load 4F) 100:WO Roof Frame 1 ONLY
£} 108:CRSH Early ONLY ~(E) 17:Test load (Liquid) ) 101:WO Roof Dead Load Others
~4£F) 109:CRSH Late ONLY (5] 18:Test load {Preumatic) £F) 102:WO Roof Frame2 ONLY
# Combination and envelope options (L) 19:Prestress (Short) #£E) 103:WO Roof Frame3 ONLY
Wy Model properties ~(E) 20:Prestress (Long) ~+£E) 104:WO Roof Wall and Lower Roaf
(E) 21:wind Load £F) 105:Roof Lower Wet Concrete ONLY
() 22:Prestress (Ringbeam ONLY) (short) 4 106:Roof Upper Wet Concrete ONLY
~(E) 23:Prestress Ringbeam ONLY (lang) -£F) 107:RingbeamPs VerticalPs ONLY
() 24:Prestress Vertical ONLY (short) £F) 108:CRSH Early ONLY
(E) 25:Prestress Vertical ONLY (ong) wdik) 109:CRSH Late ONLY
(L) 26:0ther Loading(1) #, Combination and envelope options
() 27:0ther Loading(2) g Model properties
~ () 28:0ther Loading(3)
() 29:0ther Loading(4)
(%) 30:0ther Loading(5)
= 02 Thermal Analysis
= n7en Analumie hd

Fig 12 Analyses Available in Base Model

Roof element layers

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.

¢ Inthe Base Analysis, 30 loadcases are provided, including 5 for user-defined
loading.

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

Base Load Combinations

As seen in [Fig 12], 10 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.

14



Update Reinforcement and Prestress

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.

For example, the load combination of ‘WO Roof 1% PS ONLY" is for the subtraction
of ‘Wall Ringbeam[Staged]” from ‘Ringbeam 1* PS[Staged]’.
1) Wall 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 1% PS loading during the construction stage.

Analyses vax LUSAS View: Example (CodeChecking).mdl Window 1 |
[Eiavers [Elcroups & Attrio... (B Analy... o Utiliti.. T Repo..  |[c x
-4 Example(CodeChecking).md
423 Structural analyses
~= 01Base Analysis Method | Factored v
= 02Thermal Analysis
03 Seismic Analysis Avaiiable Induded
04 Staged Construction Analysis 06 Eigenvalue Anal Name
igenvalue Analysis -
(- 05 CRSH Analysis s5:Egenvalue 0 ‘ Focter |
% 06 Eigenvalue Analysis - Post processing 33| BaseSlab PS(Staged) 1 :
=423 Post processing 970 Roof Tank ONLY 38 | Circular Part(Staged) 1
96:WO Roof Base PS ONLY 98:WO Roof RingBeam 1st PS ONLY
~+£E) 97:W0 Roof Tank ONLY 93:W0 Roof RingBeam All PS5 ONLY
£F) 88:W/0 Roof RingBeam 1st PS ONLY 100:WO Roof Frame 1 ONLY
£H) 99:W0 Roof RingBeam Al PS ONLY 101:WO Roof Dead Load Others
k) 100:WO Roof Frame1 ONLY 102:W0 Roof Frame2 ONLY 2L
£F) 101:WO Roof Dead Load Others 103:WO Roof Frame3 ONLY
~£H) 1020 Roof Frame2 ONLY 104:W10 Roof Wal and Lower Roof <<
+£F) 103:W0 Roof Frames ONLY 105:Roof Lower Wet Concrete ONLY
£ 104:WO Roof Wall and Lower Roof 106:R00f Upper Wet Concrete ONLY
£F) 105:Roof Lower Wet Concrete ONLY 107:RingbeamPS VerticalPS ONLY
~£F) 106:Roof Upper Wet Concrete ONLY 108:CRSH Early ONLY
B 107:RingbeamPs VerticalPs ONLY 109:CRSH Late ONLY
F) 108:CRSH Early ONLY v | step
£F) 103:CRSH Late ONLY < > =l K3 >
~# Combination and envelope options
e Model properties
Name | WO Roof Base PS ONLY - | 2| o8)
e

Fig 13 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.xIsx.

Update Reinforcement and Prestress

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

This only updates the existing properties. If the attribute is to be deassigned 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

15
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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 > Thermal Analysis... menu item, and assuming the default
inputs are for maximum temperature, perform a 2D Thermal Analysis with the input
data of ‘Tnkl — Max Temperature’

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

LNG Tank - Thermal Analysis X

Tank definition data Tnk1 - Max Temperature ~

Model filename |E><am|:|e - May| |

Saved model file path |C:WUSersWohssoWDucumentsWLUSAS1EIDWPrDjectS‘

Element size {m)

Include sail

Soil height above slab bottom {m?)

Soil depth (m})

Cancel Help

Fig 14 Dialog for Thermal Analysis (Max)

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

B4 LUSAS Bridge Plus - Example_Max_Thermal.mdl

- X
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Y
E:msnuau‘uc;tm(sn RevzD Maximum 25,5979 at node 9188
Ay Norlinear and Tre X Delete Minimum -170.0 at node 4489
&Y 2:Time Step 1 Tim
(%) 4:0perating Conditiol v D
# orear and T Close Resuls File
4B Nonlnear analysis op Deassign >
#y Coupled analysis options
8y, Model properties Controls >
Nl &
MNone v | 'specfy
Text Qutput. v & X Cyclable tems v ax

Vriting coupling data

Vriting output conmtrol

Vriting analysis control, loadcase 1

Vriting analysis control, loadcase 4

Tabulation of datafile "C:\Users\ohsso\Docunents\Lusas190\Projectsiissociated
1USS Solver returned ewit code 0

~

Scanning LUSAS Solver output file Exanple Max_Thernal“Analysis 1.out" for er:,
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>
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Foe Heln nrece F1

.54 ATRA V- 741467 7 NI

Selorted- Nans.

Fig 15 Thermal Analysis for Max Environmental Temperature

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

Condition (Thermal) active.

e The Equivalent Uniform Temperature and Linear Temperature Gradient through
thickness can be computed and saved in a spreadsheet by selecting the menu

item LNG Tank > Export Temperatures to Excel (2D)...

Output filename |ThermaIHesuIt—Max

Working falder @® Current

(3 User Defined

Save in |C:WUsersWohssoWDocumentsWLusas1EID‘v\fProjectsWThermaﬂ

Cancel

Fig 16 Extraction Thermal Max Results

Help

In the current working folder, the file ThermalResult-Max.xIsx containing the
extracted results for Roof/Slab/Wall is created.
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Thermal Analysis for Min Environmental Temperature

» WPC » A » Lusasif0 » Projects

-
Q

!@ ThermalResults_Max(Temperature) xlsx
B example - Min_Thermal_Thermal.mdl
@ ThermalResult-Min(Temperature) xlsx
By example - Max_Thermal.mdl

Temperature of Roof

Type Temperature
Location Roof
Unit Celsius
No of Slices Gap Outer Radius Rad. Origin ¥ Min. Thickness
(m) (m) (m) (m)
90.00 0.50 86.91 -30.65 0.50
Distance Inner Temp Outer Temp Thickness Average Temp
(m) ] ('C) (m) ]
0.00 23.89 2633 0.50 2452
0.50 2361 2533 0.50 2447
1.00 23.62 2533 0.50 2447
1.50 23.60 2532 0.50 24.47
2.00 2361 2533 0.50 2447

Fig 17 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...

19



Thermal Analysis

Tank Definition
[ Include pile data Include insulation Include seismic data

Structure Definition | Material Properties | Boundary Conditions | Loading Prestress Load | Pile Arrangement (30} | Seismic input 1| Seismic input 2

Structural Dead Loading  Structural Variable Loading  Thermal Leading

Loading Type .(E;rgi)l\age Height ECE;T'DE’E'“’E EE%&;%E) Type of boundary  Description
Liquid Temperature 0.0 -170.0 0.0 Convection ~ 'Liquid Temperature
External Temperature 0.0 25 1} Convection ~ |External Temperature
Base Heating 0.0 60 0o Prescribed ~ |Base Heating
Initial Temperature (Sail) 0o 0.0 Prescribed ~ |Initial Temperature of Soil
Initial Temperature (Structure) 0.0 151 oo Prescribed ~ |Initial Temperature of Structure
Set zero et defaults = If ternperature for base heating is defined as other than zero, it will be considered in the analysis,

Otherwise base heating will not be considered in the analysis,

Name |Tnk2-Min Temperature v | = (new)

0K Cancel Apply Help

Fig 18 User Input for Min Environmental Temperature

o 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 > Thermal Analysis... and enter Example -
Min for the model file name, then click OK.
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Update Base Model

LNG Tank - Thermal Analysis x

Tank definition data Tnk? - Min Termperature w

Model filename |E><am|3|e - Min] |

Saved model file path |C:WUSersWohssoWDocumentsWLUSAS19EIWPr0jects’|

Elernant size (m)

Include sail

Zoil height above slab bottomn (m)

Sail depth tm)

Cancel Help

Fig 19 Dialog for Thermal Analysis (Min)

¢ Solve the model, and in the Analyses (5 treeview, set the loadcase Operating
Condition (Thermal) active.

e Export results into a spreadsheet by selecting the menu item LNG Tank >
Export Temperatures to Excel (2D)...

Output filename |ThermaIHesuIt—Min |
Working falder @ Current (O User Defined
Save in |C:WUSerSWDhssuWDocumentsWLusasISD‘#PrDjectsWThermall

Cancel Help

Fig 20 Extraction Thermal Min Results
Update Base Model
The thermal analysis results can be converted to 3D loading for load combinations.

o Close the thermal model, and open the shell model of
‘Example(CodeChecking).mdl’.

o Select the menu item LNG Tank > Add Thermal Loading... then select the
spreadsheets for thermal analysis results and click OK.
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Thermal Analysis

Mawximurmn temperature

|C:WUsersWohssoWDocumentsWLusaslQDWProiectsWThermaIHesult—Max(Tem‘

Browse, .

Minimum temperature

|C:WUSersWohssoWDocumentsWLusaslSDWProiectsWThermalHesuIt—Min(Temp‘ | Browse,.,

The result of thermal analysis is converted into equivalent structural loading in 3D shell model,

Import the spreadsheet created by [Extract 2D Temperatures to Excel] menu,

0K Cancel Help
34 LUSAS Bridge Plus - [LUSAS View: Example(CodeChecking).mdl Window 1] - o x
i File Edit View Geometryy Attibutes Analyses Uities Tools Bridge Building Design LNGTank Window Help
N@d & = BRx O->-&8:0-/-0-8- b F. i Shr&-&F k
e vax LUSAS View: Example(CodeChecking).mdl Window 1 x | 3
Bavers [Blorov... dbattri.. Danal.. o Utilit.. FRepo.. 500 500 200 00 200 00 80.0 100.0
=43 Example(CodeChecking).mdi BlE
{23 structural analyses
01Base Analysis
02 Thermal Analyes &
= () 31:Max Temperature n
£1-£3 Loading 2
H 295:0peration_Temp_Roof_max (x 1.0)
257:0peration_Temp_Wal_Ringbeam_m
f 258:Operation_Temp_BaseSlab_max (x
¢ (0 Deactivate o
&) (%) 32:Min Temperature E .
) £3 Lozding W 2o F
296:0peration_Temp_Roof_min (x 1.0)
298:0peration_Temp_Wal_Ringbeam_m
= ek, i
= 035eimic Analysis S
= 0astaged Constructon Analysis
= 05 CRSH Analysis
= 06 Eigenvalue Analysis S
423 Post processing "
§-4F) 96:WO0 Roof Base PS ONLY 2. 0 T =
= = -
+45H) 97:00 Roof Tank ONLY E e
£.IF) 98O Roof RingBeam 1stPS ONLY «
+£F) 99:WO Roof RingBeam All PS ONLY
fuii) 100:0/0 Roof Frame L ONLY P
£ 101:WO0 Roof Dead Load Others B
-5H) 102:W0 Roof Frame2 ONLY =
+-H) 103:W0 Roof Frame3 ONLY
£ 104:U/0 Roof Wall and Lower Roof v
< >
Nene | specty...| ||2
Text Output v B X Cyclable ltems v ax
Restoring the mesh lock status as last results file is clo Selected Items | Cyclable Htems
call cpenDatabass('C \Users\nhssn\Do:uments\lusaslBU\Prnjects\Example(CodeCh
call fi1leOpen("%PerMachinedppDataPlatformiconfighaf terOpeniodel”
Model st acdified 23:16 Taursdsy. May 28, 2020 by version 13.0.1602.33693
call view.setScsledToFit(trus)
Sall view panTobossbiom (10 £7769676259624. 4 667454708473971, 17 34517271441
< >
ForHelppressFI Units: H,mkg,sC  XNA  ENA  ZNA  Selected: None

Fig 22 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 Seismic Loading...

LNG Tank - Add Seismic Loading X

Horizantal direction

OBE SSE
Roof acceleration m/s 2
Wall acceleration m/s"2
Base acceleration mss™2
LG arce o
Owerturning mament(BR) kh-m
Overturning marment(EBP) leM-rmn
Yertical direction
0BE S5E
Root acceleration mfs™2
Wall acceleration mfs™2
Base acceleration mys™2
Inner tank acceleration m/s"2
LG orce o
The loading for quasi-static seismic analysis will be created,
A separate FS5| analysis should be performed in advance to obtain the required loading,
Cancel Help

Fig 23 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.

2
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Seismic Analysis

File Edit View Geometny Afiributes Anabses Utiities Tooks Bridge Building Design INGTank Window Help

=" D@ X & C- -0-8- 0o $-F

anaipses ¥ 8 X |, LUSAS View: Example(CodeChecking) mdll Window 1 5 |
Dorers Dovon.. st Fanal. vt Ehepo... L R P L
%5 03 Seismic Analyss ~
@ (1 Materal
& (@ s3s5e 1
1 Loadng
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T
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AX_Wol_SSE Lot 7 (x 1.0)
329:AX Wal SSE Lot 8 (x 1.0)
330AX Wal SSE Lot (x 1.0) =
I3L:AX_Wal_SSE Lot 10 (x 1.0)
332X Wal SSE RingBean (x 1.0)
I3HAX Base_SSE (x 1.0)
334Liquid_Hydrodynamic_H_SSE (x 1.0]

®
JUHNE®®

Name [AX_Wel SSE Lot 3

[

[Come ] [T [l

Fig 25 Horizontal Seismic Loading for Wall (SSE)
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Update Base Model

%
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Fig 27 Horizontal Seismic Loading of Liquid Force (SSE)

O 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 500E3 kN in the global X direction,
however the pressure of the liquid acts perpendicular to the inner tank wall
surface with an intensity following a cosine variation.

U A cylindrical local coordinate system is applied to the lines to ensure loading is
in a radial direction.
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Fig 28 Horizontal Seismic Loading of Overturning Moment from Base Slab (SSE)
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Fig 29 Horizontal Seismic Loading of Overturning Moment from Inner Tank (SSE)

Vertical Loadings

The acceleration loading is directly used to define Body Force loading in Modeller
except for the acceleration for the Inner Tank. As the Inner Tank is not included in the
meshed model, the loading is converted to equivalent structural loading.

26




Update Base Model
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Fig 30 Vertical Seismic Loading for Roof (SSE)

Fig 31 Vertical Seismic Loading for Wall (SSE)
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Fig 32 Vertical Seismic Loading for Base Slab (SSE)
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Fig 33 Vertical Seismic Loading for Inner Tank (SSE)

O 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 34 Vertical Seismic Loading for Liquid (Hydrostatic, SSE)
O The given liquid pressure is 400E3 kN is converted as a distributed load for 3D
model.
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Fig 35 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 36 Stage 18 of Staged Construction Analysis

Stage 18 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 37 Stage 20-22 of Staged Construction Analysis

Stage 20 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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Update Base Model

o vax LUSAS View: cxample(CodeChecking).md Window 1 x|
rayers [Foro.. & atn.. R anat. Funin.. e L R S R L [T, X
y=)
| R s6:R00F Lower Wet Concrete(Staged, tempor: | &l

L:Steel Structure_q (x 1.0) (range)
2:Steel Structure_P (x 1.0) {range)
liner_base 1 (x 1.0) (range)

0) (range) QTotal @ Per unit length Per unit area
‘Component Value
=] Direction 5819763
= Direction 00
Direction -172.164E3
(& i lomert about X axis 0;
ort) - lomert about Y axis 0
359:Roof Lower Wet Concrete(Stagec =1 loment about Z axis 0
B Gravity
{I) 57:Ro0f Lower Complete(Staged)
{5 58:Ro0f Lower Inside Load(staged) =
1) 59:Ro0f Upper Wet Concrete(Staged,tempor: =1
d)

Fig 38 Stage 20 of Staged Construction Analysis

Stage 21 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
21, only becoming geometric properties for the whole roof at stage 24.

Stage 22 assumes that the lower part of roof is completed. At this stage the wet
concrete loading assigned at Stage 21 is removed and replaced with the body force of
the lower part of Roof.

Fig 39 Roof Shape at Stage 21, 24.

LUSAS View: example{CodeChecking).mdl Window | X

Ansiyies vax LUSAS View: examplei{CodeChecking) mai Window 1 X

e

Fig 40 Stage 23 ~ 24 of Staged Construction Analysis
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Seismic Analysis

Anatyse ¥ 0 X | LUSAS View: example(CodeChecdiang).mdl Window 1 X | Global Distributed X

e
Bisves [Doro.. K. Danat., Fuue.. rep

-4 56:Roof Lower Wet Concrete(Staged, tempor: A
1 45) 57:Roof Lower Complete(Staged)
) 53:Roof Lowes Inide Load(S

Analysis category [

OTotal Pe ength @® Per unit area

Component Value
X Dvection 00
b A 00
i e oy Z Cvecton 1226286 Thokness Roci2
12:Insud_gr (x 1.0) (range)
13:Insud_Pressure (x 1.0) (range)
15:Ins_q1_constr (x 1.0) (range)
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Fig 41 Stage 23 of Staged Construction Analysis

Stage 23 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 24 assumes that the upper part of the Roof is now built. The wet concrete loading
assigned at Stage 23 is removed and replaced with the body force of the upper part of
the Roof.

At Stage 25, 50% of additional RingBeam Prestress is added. (The Load Factor is
updated from 0.5 to 1.0 for Horizontal Prestress_Ringbeam load.)

LUSAS View: exampie(CodeChecking) md Window 1 X | Anwyies

o

LUSAS View: exampe(CodeChecking) ml Window | X

Fig 42 Stage 26 ~ 27 of Staged Construction Analysis
At Stage 26, the vertical prestress is added.
At Stage 27, all the horizontal prestress for the Wall is added.

Stage 28 is the final stage. The structures is complete as built, and all loadings for the
operating condition are added.

Stage 29 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.

Stage Description Note

No. 1 Annular part
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User Updates

Stage

Description

Note

No. 2

1) + Circular part

No. 3

2) + Base PS

No. 4~14

3) + Wall & Ringbeam is added up in stages

No.

15

4) + Ringbeam 1% PS

No.

16

15) + Roof Frame 1

No.

17

15) + Inner Tank Work

No.

18

17) + Roof Frame 2

No.

19

17) + Roof Frame 3

No.

20

17) + Roof Wet Concrete

No.

21

17) + Roof Complete

No.

22

21) + Roof Lower Inside Load

No.

23

22) + Ringbeam 2" PS

No.

24

23) + Vertical PS

No.

25

24) + Horizontal PS

No.

26

25) + Final Short term

No.

27

25) + Final Long term (Long term PS applied)

User Updates

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

Construction Sequence
If required, additional loadings or stages can be added.

To duplicate loading types within the Analyses (5 treeview, the Copy and Paste
options can be used as shown below. This will create additional stages (loadcases) and

include all loadings previously assigned to the copied loadcase.
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Seismic Analysis

Analyses ¥ 3 X | Analyses ¥ o x
Eltayers [Bloro.. = utiit.. Erep... & Attri.. (X anal.. Etayers [BlGro.. o~ utilit.. 3 Rep.. &attri.. (5 anal,..
-4 49:Lot 10 ~ {51 49110t 10 A

{a 50:Wall Ringbeam(Staged)

{5 51:Ringbeam 1st PS(Staged)
52Z:Roof Frage1(Staged t=

{a Shinner Ta &  Set Active

M 54:R00f Fra

{F 55:R00f Fra Edit...

1) 56:Roof Lov Loadcases to Solve...
M 57:Roof Lov

{a 50:Wall Ringbeam({Staged)

£ 51:Ringbeam 1st PS(Staged)

52:Roof Frame 1(Staged, temporary)

: ) 53Imner Tar | set Active

{a 54:Roof Frar

{a 55:Roof Frar Edit...

% :?EDD: ::Dw Loadcases to Solve...
:Roof Low

{51 58:Ro0f Low Copy {) 58:Roof Loy Copy

] 59:R00f Upp B Paste {) 59:R00f Up

@ 60:Roof Com (-1 60:Roof Cor

5 oo

Paste

Analyses * 0 X
ELayers [Z]Gro.. 2 utilit.. B Rep... & Attri.. (5 anal...
(-4 49:L0t 10 s

E]--ea 50:Wall Ringbeam({Staged)
(-4 51:Ringbeam 1st PS(Staged)
[SE 52:Roof Frame 1(Staged, temparary)

Ba Loading

- 59:Horizontal Prestress_Ringbeam (Short) (x 0.5)
- 61:Horizontal Prestress_Base (Short) (x 1.0) (rang
- 305:Roof Frame 1{5taged, temporary) (x 1.0)

----- & Gravity

E—J{@ 53:Roof Frame 1(Staged, temporary) (Copy 1)

Ba Loading

------------ 58:Horizontal Prestress_Ringbeam (Short) (x 0.5)
- 61:Horizontal Prestress_Base (Short) (x 1.0) (rang
- 305:Roof Frame 1{Staged, temporary) (x 1.0)

----- & Gravity

EJ--@ 54:Inner Tank Work(Staged)

Fig 43 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 Error! Reference source not found., 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.
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User Updates

For example, if the time gap between Stage 5 and Stage 6 needs to be changed to 15
days, Nonlinear Control for Stage 5 should be updated.

Default settings for Stage 5 are shown below.

Analyses vax LUSAS View: Example(CodeChecking).mdl Window 1 x
[Etavers [Fleroups battributes (D analyses | of Utilities 5] Reports Nonlinear & Transient
= 05CRSH Analysis ~
(3 Material Incrementation Solution strategy
-3 Age Nonlinear [1same as previous loadcase
{IE) 66:Anmulr Part{CRSH) Inrementation Manual «|  Maxnumber of terations
(23 supports
[ Loading Starting load factor 01 Residual force norm
() Deactvate Max change inload factor 0.0 Incremental displacement norm
-y, Nonlinear and Transient
-JE) 67:Circular Part(CRSH) b 22 o iy il Advanced...
- Loading Adiustload based on conn
o e Adjust load based on convergence e
* 4y Noniinear and Transient Tterations per increment % [Jsame as previous loadcase
{5 68:BaseSlab PS(CRSH) Displacement reset Cutmut e
-1 Loading —
®--$ Nonlinear and Transient ARNEnEER Plat fle
) 69:Lot 1(CRSH) Time domain
L] Activate Max number of saved restarts [0 |
g Noninear and Transient iritaltme step
B Smt 2crsH) Total respanse time 50.0 ksl
=it
i Automatic time stepping History file L
| *.- ¥ Nonlinear and Transient
hegiar e i) St [Jsave arestart at the end of this control
-(1] Loading Common toall
-] Activate Max time steps or increments | 100000
g Nonlinear and Transient
-4 72:Lot 4{CRSH)
(2 Loading Cancel Help
(0 Activate

Fig 44 Nonlinear Control for Stage of Lot 2 (Default)

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

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

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

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

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

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

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

Properties XK

General Backups Geometry Meshing Attributes Options C 4| "

Title ‘ ‘

Precision shown in dialogs

(®) Significant figures E 7

Only show compatible options (O Decimal places hd
Model units N,m,kg,s,C

Analysis category 3D

. ‘ Vertical axis Gravity m/s
Qutput in feet and inches ()X axis

-9.81
| Timescale units ~ Days i |O‘|‘ axis

Decimal marker  |As Windows ®7 axis

Close Cancel Apply Help

Fig 45 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.xlIsx,
as shown below. The template can also be downloaded from the Design Load
Combination dialog.

Load Factors Worksheet Loadcase Index
il ] 3 \-\EI)‘\?I&I&:I--\QI-’\A E3 TN EE BT BT — | I 3:.
‘ e e
= e = : s o Tol T
o I I o e e e el Il ) i =8 e el feod o e P [ Pl P et e B P B
= 3 s lr i1 v oy e - =
ees - -------'-"-I---II !.-.---.--.------tl
Fa s Code and Details i = 1 Load Factors
Jﬁfi ity [ — - :: TF***HH--FF
- el e e p— P e P

Fig 46 Template for Design Load Combinations, Load Factors

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

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

Load Factors Load factors for each loadcase is defined here.

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

o000 O
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Design Load Combinations

Loadcases Worksheer

F G H 1 J K L M

User Guide for ‘Loadcases’ shest
1. Loadease Name (Column 8)

- Should be identical with loadcase name in the model
2. LF column (Column €. Load Factor Column)

- Refer o the number at 1st row of LoadFactors’ shest
- Put 0 if the loadcase is not used in the combinaton.

- Loadcases not to be used in the combinations can be removed from ‘Loadcases’ sheet
 Loadcases can be addsd at any row as many as required.

User Guide for "LoadFactors’ shest
- The top ine should be maintained with uniqus number
- This columns are used for defining the name of combinaion.

- Row 2-4 are for user's reference only, and fres to update.
- Combination data should start from the 5th row.

A B C D E
LC No. [Loadcase Name Column ___JLoad Category

1[Selfweight 6 Outer tank Full

2[Dead Loads of Steel Structure 7 Others

3[Dead Ioad of lner and steel root 7 Others

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

5[Dead Ioad of Insulation 7 Others

6[Fressure on outer tank wall dus {o insulation 7 Others

7[Wall piping loading 7 Others 3. Nete
8[Dead Ioad of Insulation Constr 0

9[Liquid bottom(Mtax) 22 LNG Max
10| Liquid bottom(Min) 23 LHG Min
11| Liguid wall (Max} 0
12| Liquid wall (Min) a 1. LF column index
13[Gas 3 24 Gas Max
14[Gas P 25 Gas Min 2. Code Name / Detaiks
15| Live oad 25 Live Load (roof)

16[Snow load 27 Snow Load (roof) 3. Nete
17[Test load (Liquid) 20 Hydrostatic

18[Test load (Pneumatic) 2 Preumatic

19[Prestress (Short) 15 |AIPSEarly

20[Prestress (Long) 12 |AIPSLate

- Loadeases to be factored can be added as many as requrisd.
- Combinafions can be sdded ss many s requirsd.

LoadFactor:

Fig 47 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.

U (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 O (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 Load

Combination...

Template Download

Combination data

| [ Browse...

Ok Cancel Help

Fig 48 Dialog for Design Load Combination

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

O Combination data Select the load combination template.




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 ¥ & X|Combination

X
[ iayers [Elorou. Gattri. (B anal... o utitt.. Frepo..
) 65:Final Long term(Staged) ~ Method [Factored .
“..4 Morlinear analysis options
5 CRSH Analysis
06 Eigenvalue Analysis etis ke
=423 Post processing = P“‘g:’:;eos:‘”gfa [ “ D Name Factor

96:WO Roof Base PS ONLY + 96:WO Roof Dase
4 o " O Ronf Tark O1ET > IO Foof Base S ONLY 3
£ 97:WO Raof Tank ONLY 57 | WO Roof Tank ONLY 135
£ 98:W0 Roof RingBeam 15t PS ONLY /O Roof RingBeafh 15t PS ONLY 58| WO Foof FingBeam isi P OHILY S
-£F) 99:0 Roof RingBeam Al PS ONLY -+ 99:WO Roof RingBeah All PS ONLY
) 100:W0 Roof Frame L ONLY 100:0 Roof Frame § ONLY
£5) 101:WO Roof Dead Load Dthers 101:WO Roof Dead Liad Others
-£F) 102:W0 Roof Frame2 ONLY 102:WO Roof Frame4 ONLY
45 103:W0 Roof Frame3 ONLY 103170 Roof Frame JONLY =
) 104:WG Roof wal and Lower Roof -+ 1040 Roaf Wall arfl Lower Roof
-5F) 105:Roof Lower Wet Conerete ONLY 105:R00f Lower Wet Foncrete ONLY 543
) 108:Raof Upper Wet Concrete ONLY 106:Roof Upper Wet Fonarete ONLY
-5F) 107:RingbeamPs VerticalPS ONLY -+ 107:RingbeamPS Ver cal’S ONLY
) 108:CRSH Early ONLY 108:CRSH Early ONL

108:CRSH Late ONLY,

112:U-C1-1 Tank WO roof + RS IstPS e +RE 1stPS

SR TR 114:U-C1-3_Tank WO roof + R 1stPS v
-5F) 114:U-C1-3 _Tank WO raof +RB 15t PS < k4 < >
-5 115:U-C1-4 Tank WO roof + RB istPS
£E) 116:U-€2-1 Tank WO roof +RB 1st PS +Roof?frame;
£ 117:0-C2-2_Tank WO roof + RB 15t PS + Roof?frame?

- U-C1-1_Tank WO roof +RB 1stPS v =

) 118:U-C2-3_Tank WO roof +RB 1st PS +Roof?fame} E - - 412
£F) 119:U-C2-4 Tank WO roof +R8 1st PS +Roof2frame;
£ 110:Envelope (Max)

111:Envel
R 111:Envelope (M) Close: Cancel Aply Help
i e

Fig 49 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 >
Enable Design Check...

LNG Tank - Design Code X
Design code
() EN1552 () ACI31E-14

Partial factors for materials Persistent_Transient

Lang term effect coeff, {o_cc)
Elastic modulus of rebar (Es) MPa 200,0E3 IPa
Elastic modulus of tendon (Ep) MPa 195,083 tPa
Roof concrete compressive strengthifc_roof) MP'a 40,0 IPa
Wiall concrete compressive strengthifc_wall) 50.0 MPa 50.0 MPa
Base concrete compressive strengthifc_slab) 40,0 MPa 40,0 rMPa
Max concrete compressive strain (e_cu) 3.0E-3
Yield stress of reinforcement (fy) MPa 400.0 MPa
Yield stress of tendan (fyp) MPa 1,674E3 MPa
Tensile strength of tendon (fpu) 1,86E3 MPa
Computation target
@ Default () Selected (O Visible
[#] fse is used and P3 is being applied as an external loading
Cancel Help

Fig 50 Dialog for Design Parameters

U 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, y, for prestressing steel
respectively. For Accidental, 1.2, 1.0, 1.0 are given.

Long term effect coeff. (a.) : Long term effect coefficient (EN1991 only)
Elastic Modulus of rebar (Es) : Elastic Modulus of reinforcing steel in MPa.

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

Roof Concrete Compressive Strength (fc_roof) : Concrete strength in MPa.
Wall Concrete Compressive Strength (fc_wall) : Concrete strength in MPa.
Base Concrete Compressive Strength (fc_slab): Concrete strength in MPa.

o000 00O
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Design Check

O 0Ooo O

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.
o Selected: The nodes that user selected before opening this dialog
o Visible: All visible nodes in Modeller.

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

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

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

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

o It makes no difference if ‘fse’ is not specified in the reinforcement
template.

PM Chart for Lot 1 (Hoop)

g
nodal results ﬁ nodal results

Thickness M I T o UtilPM
(mm) () &N ' dm) k)

800.00 108 16789  48214| 414662

50000 03| 168ad] as21e] aiascd

Shift to remove PS effect from nodal results

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

Design Checks for Tank

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

Layers ¥ I X |Pproperties X
[rayers [EGrou.. & Attri.. (B Anal., & Utilit.. (3 Repo..

=3 Example(CodeChecking). mdl
=] Example(CodeChedking).mdl Window 1

Contour Results  Contour Display Contour Range  Seed Colours

@ Utilities Entity Tank Design - BS EN 1992-1-1 ~
@ Mesh -
@ Geometry Component |UtIPM_t ~
-G Attributes i
g Deformed mesh D JtiPra rz
N Transform  |Peapacty_t
@ Annotation Pcapadty_rz

5] Contours : UtlPM_t (Tank Design - BS EN 1992-1-1)
[ Values : UtiPM_t (Tank Design - BS EN 1992-1-1)
% View properties

Display Utilshear_t
15play UtilShear _rz
Draw in|ShearResist_t

ShearResist_rz

Close Cancel Apply Help

Fig 51 Components for Design Checks

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

UtilPM (PM Utilization)

UtilPM can be checked with reference to a PM chart, as illustrated below. A value of
less than 1 means it satisfies the design code.
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41,000 {

UtilPM = R1 / Re |~ '-B.GQGV_

——Thk = 406.4

PM Chart for Lot 4 (Vertical)

0= B
b
o 0 | ey 500 1,0112 1,500
227 R1 g y
b /

e Nodal Results e Capacity

Fig 52 Definition of UtilPM

O UtiIIPM_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.

Analysis 01 Base Analysis
Loadcase: 1 SelfWeight

Results fle Example_CodeChecking_~01 Base Analysis mys
Enbly. Tank Design - BS EN 1992-1-1

Camponent USIPM_t

0.0935964
0.187193
0280789

0748771
0842368
Maxmum 0 843829 at node 15238
Minimum 1.46127E-3 at node 3119

Analysis 01 Base Analys's
Loadcase. 1:Selfeight
Resulls fle: Example_CodeChecking -01 Base Analysis mys
Ently. Tonk Desigh -BS EN 19621

omponent UHIPM_rz

00664824
0132965
0193447

0598342

Maximum 0599839 at node 15232
Minimum 1 49706E -3 at node 3132

Fig 53 Contour for UtilPM _t, UtilPM_rz

UtiIDC (Decompression Utilization)

UtiIDC 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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Design Checks for Tank

/ / _
o o Stress Sign Convention o o Stress Sign Canvention
(+) : Tension (+) : Tension
o L . L L .
(=) : Compression (=) : Compression
o o - L
o L - L
of | Tendon cover (d) o | Tendon cover (dp) |
o L
{ 7 Tendon Diameter (D) 1
— e
0 0
@) Z=x-d.-D, =S — Zo=dy-x
7 2
" 1 Where x, distance from outer surfact to neutral axis, 'T": 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
B | o |
- ‘ (*) Z, =0 (setUtiDC = 100 ) - Z. =0 (setUtIDC = 100)
Q] | z.=h-d,-D, ) Z =d,
z Z
— 7, =0 (set UtIDC = 100) B 7,20 (setutine = 100)
h h

Fig 54 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
Z¢<=0.25mm, UtiIDC becomes 100.)

UtiIDC = Zdec / Zc = 25/ Zc.

O UtIIDC_t is the tendon and stress utilization in the hoop direction, and
UtiIDC _rz is the utilization in the radial direction for the Roof and Base Slab,
and in the vertical direction for the Wall.

UtiIDC is only available for sections that contain prestress tendons. In the hoop
direction, UtilIDC_t is available for Wall and Slab. In the radial and vertical direction,
UtiIDC_rz is available only for Wall.
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Design Check

Analysis: 01 Base Analysis
Londbae TSNS e o1 Base raysmye e S
Entity Tank Design - BS EN 1992-1- EKKMTL‘:( gl:mp{?ﬂgog'ic‘"gﬁjr?rio‘ ey,

Component USIDC_t

111037

222074

333111
=

Component USIDC_rz

444148 | B
555185 555301
666222 566361
i it
. 38535 99,9541

Maxmum 100.0 at node 17528

Maxmum 100.0 at node 6864 Minimum 0.0458716 at node 7608

Minimum 0.0666667 at node 10584

Fig 55 Contours for UtilDC _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 Loadcase 1 Self¥eight
Loadcase: 1:SelfWeight Results fle: Example_CodeChecking ~01 Base Analysis mys
Results fle: Example Codlchedtlngrﬂ)l Base Analysismys Enbly. Tank Design - BS EN 1992-‘?—91‘
Enbty: Tank Design - BS EN 1992-1-" Component ShearResist_rz
Component ShearResist_t
371.06€3

170.185E3 424 069E3

226.914€3 477 07BE3

2835 53008663
B 340371E3 583 095E3

397.08 636.103E3

453 828E3 689 112E3

372003 742 121E3

. ser 2l 795.129E3

Maximum B808.989E 3 at node 6496

Maximum 676.903E 3 at node 3161 Minimum 331.911E3 at node 28425

Minimum 166, 347E 3 at node 14676

Fig 56 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.
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PM Chart Report

Analysis: 01 Base Analyﬂs A::é{z‘ssg 0|‘ Ssa?,’vAnalys.s
Loadcase: 1:SelfWi Resulls fle Example CodeChecking -01 Base Analysis mys
cing~ 01 Base Analysismys Enbly: Tank Design - BS E! 1T

-1 Companent Unlsheav z

Resulls fle: Exampln 'S odoChecki
Entity. Tank D, B EN 1992

0.265072

0.530143

0.795215

212057

Component Ubihear_
2.38565

. 0295643
0591285
0886928

Maximum 2 38565 alnwgeﬂ n

Minimum 0.0 at node 284

Maximum 2 66078 at node 3171
Minimum 0.0 at node 11890

Fig 57 Contour for UtilShear _t, UtilShear_rv

PM Chart Report

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

LMG Tank - Design Check Report with PM Chart

|F‘M_Hepnr‘c

P chart report filename

Pr chart spreadsheet will be saved in the current working directory
|C:WUsers‘v‘v‘uhsanDDcumentsWLusas1SD‘v‘v‘PrDjectSWPM_Hep|

Saved file path

Report target
(@) Default () Selected () Visible

Cancel Help

Fig 58 Dialog for Design Check Report with PM Chart
U Report Target The design check computations will be performed for the

targets of
Default: The node at Y=0 and X>=0.

[ ]
e Selected : Any nodes that were selected before opening this dialog
o 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
report will contain 30 worksheets for producing PM charts for two directions
(hoop/vertical or hoop/radial) for all 15 rebar arrangements.
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Design Check

Design Check with PM chart

Rebar Attribute Name Lol troop)]

P Chart for Lot 1 (Hoop)

Fig 59 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

o0 D000 O O
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Design Checks for RC Slab

Design Checks for RC Slab

By selecting the Design>RC Slab Design menu item, followed by an appropriate
design code, a number of other design checks are available.

RC Slab Design: Design Code Settings X
Design code
Country United Kingdom ~
Desian code BS EN 1992-1-1:2004/NA:2005 M

Design calculations

ULS section design Bending only (Wood-Armer) ~

SLS crack checking Bending only (Principal momerts) ~

Design parameters

Characteristic yield strength of reinforcement (fyk) MPa
Material factor for reinforcing steel (ys) 1.15

Modulus of elasticity of reinforcing steel (Es) GPa
Characteristic cylinder strenoth of concrete (fok) MPa
Material factor for concrete (yo)
Coefficiert for long term and unfavorable effects  (zcc)

Defaults T Eack EriEn Cancel Help

Properties X
Contour Results Contour Display Contour Range Seed Colours

Entity RC Slab (ULS) - BS EN 19¢ v
Component UtIIMax(T) v ‘\

Display ULI(Mx(T))
{util(My(T))
Util(tox(T))
Util(toy(T))
1Asx(T)
Asy(T)
Display ofDiax(T)
Draw in 5{0@XT)
UtilMax(B)
Util(Mx(B))
{Util(My(B))
|Util(tcx(B)) Apply H
Util(tey(B))
Asx(B)
Asy(B)
Diax(B)
Diay(B)

Transform

e

p

Fig 60 Dialog for RC Slab Design and Result Components (1)
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Design Check

RC Slab Design: Design Code Settings

Design code
Country

Design code

Design calculations

ULS section design
SLS crack checking

Design parameters

United Kingdorn
BS EM 1992-1-1:2004/M A:2005

Eending and in-plane forces (Clark-Mielsen)

Characteristic yield strength of reinforcement (fyk)

Material factor far reinforcing steel {ys)

Madulus of elasticity of reinforcing steel (Es)

Characteristic cylinder strength of concrete {fck)

Material factor for concrete (yc)

Coefficient for long term and unfavarable effects (acc)

Detfaults

Mext >

Bending only (Principal moments)

Cancel

Help

Properties

Entity
Component
Display

Transform

| Asx(T)

RC Slab {ULS) -BS EN 1992-1-1:2 ~
Util{r(T)) ~

UtilMax

tilMax ;FI

Uitil(Ny (T))
Util{Fe(T))
Ssx(T)

Ssy(T)
SciT)

Asy(T)
Diax(T)
Diay(T)
UtiiMax{B)
Uil {x(B))
Uiy {B))
Util{Fe(E))

Fig 61 Dialog for RC Slab Design and Result Components (2)

Contour Results  Contour Display Contour Range  Seed Colours

Apply

Help

Ssx(B)
Ssy(B)
Sc(B)
Asx(E)
Asy(B)
Diax(B)
Diay(E)
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Design Checks for RC Slab

The target group for which design check results are to be obtained must be set in the
‘Groups’ [Slreeview as shown below.

Groups

La\,-'ers Gro...

E|' example({CodeChecdking).mdl

ERE

- 0 X LUSAS View: example{CodeCheckini

S Attri. (X Anal... o™ Utilit... 3 Rep... -120.0 . ~100.0

Zl Groups
% ﬁslah
e
NS
[ %] ring
[ %] Roo
-] %] can
El Inne
[ %] Roo
-] %] Rao
%] roo
[ %] Roo
-] %] Rao
8] _ut
El Bast

(2] PLo:

-] cirg
zl Bast

-{ %] Lot

-{8] Lot g&! Properties..

A at s

Paste

Wisible
Invisible
Set as Only Visible

Advanced Visibility..

Results Plots
Current Group

Rename
% Delete

Select Members
Deselect Members

Add to Group

Remove from Group

>

El

~

Analysis: 01 Base Analys
Loadcase: 1:SelfiVeight
Results fle: example_Co
Entity RC Slab (ULS] - E
Transformation: Local Co
Component Util{tcx(T))

0.122883

0.140438

0.157993
Show Results

Do Mot Show Results
Show Results Only On This Group

B0.0

[ Daakc—
Maximum 0.271939 at no
Minimum 0.113946 at noc

200

0.0

Fig 62 Show Results for a Selected Group

ULS - Stress Check

Analysis: 01 Base Ana!ysns

Loadcase: 1:SelfV:
Results fle: Exdm \e

odeC heckin

~01 Base Analysis mys

Er\lv(y RC Slab (ULST-BS EN 199 1-1:2004/NA:2005
Component Ssx(T) (Units: Nimm?}

8
150 162
171613

Maximum 193.065 at node 14611
ode

Minimum 0.0 at n

O Ssx(T)/Ssy(T) :
O Ssx(B)/Ssy(B) : Outer rebar stress

U Sc(T) : Inner surface concrete stress

Analyss 01 Base Analyls
Loadcase:

Bt fie Etamdal &E odechacking -01 Bass Analysiamys
Enfity RC Slab (ULS] - BS EN 1382-1-1:2004NA 2005
Component S¢{T) (Units: Nimm?)

20842
3.1263
41684

- 10421
Maximum 10 7841 ai node 6372
Minimum 1.40519 at node 13440

Fig 63 RC Slab Design - Stress Checks

Inner rebar stress

U Sc(B) : Outer surface concrete stress
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Design Check

ULS - Utilization

Analysis: 01 Base Analysis
Loadcase: 1-SelfWeight

Results fle. Exam| hecking_~01 Base Analysis mys
Entity: RC Slab (J’Lsi B e TR T 200amA SO
Component UbI(Mx(T)

. 1.76193€-3
352386E-3

D 0123335

Maximum 00158574 alnode 13528
Minimum 0.0 at node

Analysis 01 Base Analys's
Loadcase. 1 SelfWeight

Results fle Example_CodeChecking_ ~01 Base Analysis mys
Entity. RC Slab (J’Lsi BSEN 1992-1-1:2004NA 2005
Component Util(Nx(T))

00
0.0493389
0.0986777

0345372
B 030471t

Maximum 0 44405 at node 14611
Minimum 0.0 at node 6372

Fig 64 RC Slab Design — Utilization for moment and axial stress

Util(Mx(T)), Util(My(T)) :
resistance)
Util (Mx(B)), Util(My(B)) :
resistance)

Yield stress)

o O o O

Yield stress)

Analysis. 01 Base Analysis
Loadcass: 1:Selfieig
Results fla. Examy CnﬂeDhe:kln 01 Base Analysis mys
Entily. RC Slab cLﬁ.s, BS EN 199511 2004NA 2005
Compenent UI(Fe(T)

00781575
0117238
0156315

0.351709

0390787
Maximum 0404403 at node 6372
Minimum 00526545 at node 13563

\_—-—"

Fig 65 RC Slab Design — Utilization for Concrete Stress

Inner surface moment ratio (moment / moment
Outer surface moment ratio (moment / moment
Util(Nx(T)), Util(Ny(T)) : Inner rebar stress ratio (Design rebar stress / rebar

Util(Nx(B)), Util(Ny(B)) : Outer rebar stress ratio (Design rebar stress / rebar

Analysis 01 Base Analysis
Loadcase: 1.5elfWeight

Results fle Emmuple CodeChecking ~01 Base Analysis mys
Enfity: RC Slab (ULST - BS EN 1992-1-1:2004NA 2005
Component Util{tex(T))

. 0.122883
0.140438
0157683

Maximum 0.271939 at node 8232
Minimum 0113946 at node 6744

O Util(Fe(T)) : Ratio (Concrete stress / Concrete compressive strength)

Q Util(Tex(T)),Util(Tey(T)) :
inner surface

Q Util(Tex(B)),Util(Tey(B)) :
outer surface

Ratio (Concrete tensile stress / Tensile limit) for

Ratio (Concrete tensile stress / Tensile limit) for
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Design Checks for RC Slab

ULS - Design

Analysis 01 Base Analysis Analys's 01 Base Analysis
Loadcase: 1:SelfWeight Loadcase: 1:SelfWeight
Resuls le: Example CadeChecking -01 Base Anslysismys Results le- Example. CodeChecking ~01 Base Analysismys
Entty: RC Slab (ULST-BS EN 1992-1-1:2004NA:2005 Enfity: RC Slab (ULS] - BS EN 1992-1-1:2004NA 2005
Component AsliT] (Units: mm¥m) Component: Diax(T) (Units: mm)

0 0

142,859 1.88065

285719 376129

428578 564194
B 571,437 752258

714296 940323

857.156 112839

10000263

131645
B 15062

Maximum 16 9258 at node 14611
Minimum 0.0 at node 6372

Maximum 1.28573€ 3 at nade 14611
Minimum 0.0 at node 637:

Fig 66 RC Slab Design — Reinforcement Design

O Asx(T), Asy(T) Minimum reinforcement area required for inner side
O Asx(B), Asy(B) Minimum reinforcement area required for outer side

O Diax(T), Diay(T) Minimum reinforcement diameter required for inner side
based on given rebar spacing.

O Diax(B), Diay(B) Minimum reinforcement diameter required for outer side
based on given rebar spacing.

SLS- Crack Width

Analysis: 01 Base Analysis Aralyss 0] Sase Anaysis
Loadcase 1:SelfWeight LRmalcasfa 1éalme‘| T deChecki o1 Anal
Results fle: Exam| CodeCheckin: 01 Base Analysis mys esults fle: Example @Checking - ase Analysis mys
Enbly. RC Slab (S| 7_3; BSEN 199271 2004NA 2055 Entty RC Siab (SLS]-BS EN 1962-1-1/2004NA 2005
Component CWx(T) (Units: mm) Component CWhax(B) (Units: mm)
00 00
0.030636
sy
3.86865E-3 0.0918079
1582E-3 0122544
6 447T6E-3 015318
773731E-3 0.183816
9 02686E -3 0.214452

i 00103164

Maximum 0.011606 at nDde 13515
Minimum 0.0 at node 6372

Maximum 0.275724 at node 14614
Minimum 0.0 at node 8232

Fig 67 RC Slab Design — Crack Width

CWx(T), CWy(T) Maximum crack width for local direction at inner side
surface

CWx(B), CWy(B) Maximum crack width for local direction at outer side
surface

CWMax(T), CWMax(T) Maximum crack width orthogonal to principle stress
at inner side surface

CWMax(B), CWMax(B) Maximum crack width orthogonal to principle stress
at outer side surface

Cc O 0 O
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SLS- Utilization

Analysis 01 Base Analysis
Loadcase. 1:Sol(Weight

esults fle. Examp\u CodeChecking_~01 Base Anal!
Enuty RC Slab (SLSY-BS EN 1992-1-1:2004NA 2005

Component Util{CWMax(T))

0.115398
0131883

Maxmum 0.148369 at node 13499
Minimum 0.0 at node 6372

s mys

Fig 68 RC Slab Design — Crack Width Utilization

O Util(CWMax(T)), Util(CWMax(T)) :

limit) for inner surface

O Util(CWMax(B)), Util(CWMax(B)) :

limit) for outer surface

Ratio (max crack width / allowable

Ratio (max crack width / allowable
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