05/06/2026, 13:27 ANYstructure documentation.docx - Google Dokumenter

=
—

ANYstructure

Documentation

2026

Version 0

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 1/47



05/06/2026, 13:27 ANYstructure documentation.docx - Google Dokumenter

2

Introduction 3
Theory 3
ANYstructure API 4
Startup 6
Sheet input 7
Modeling 8
Assigning properties 10
Scale stresses 11
Cylinder input 13
Changing multiple properties 13
Display properties 14

Loads 16
Manual loads 16

Define tanks 16
Setting accelerations 18

Define external pressures 18

Load combinations 20
Changing load factors 21
Buckling 23
Semi-Analytical Buckling 23

ML Buckling 23
Cylinder buckling 24
Reviewing data 26
COB and COG 26

Color coding 28
Shifting coordinates for visual purposes 29

Loads 29
Thickness and beam properties 31

Global stresses (buckling) and structure types 32
Results 34
Optimization 35
Optimization iteration by predefined stiffeners 35

Single optimization 36
Multiple optimization 38

Span optimization 39
Reporting 44
General 44

Table 45

Export to JS 45
Changing the GUI 46

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 2/47



05/06/2026, 13:27 ANYstructure documentation.docx - Google Dokumenter

Introduction

ANYstructure is a free structural optimization tool. It can be used for multiple purposes. The
software can be downloaded various ways:

For python users
PIP install ANYstructure

For windows version

Download at https://github.com/audunarn/ANY structure/releases or
https://sourceforge.net/projects/anystructure/

The code is located on github and is open source (https://github.com/audunarn/ANYstructure)

The AIP is documented at readthedocs:

https://anystructure.readthedocs.io/en/latest/

Theory

All calculations are according to the following DNV standards and recommended
practices:

- DNVGL-0S-C101 Design of offshore steel structures, general - LRFD method

http://rules.dnvgl.com/docs/pdf/ DNVGL/0S/2018-07/DNVGL-0S-C101.pd
f

- DNV-RP-C203 Fatigue design of offshore steel structures
- DNV-RP-C201 BUCKLING STRENGTH OF PLATED STRUCTURES
- https:/irules.dnvgl.com/docs/pdf/DNV/codes/docs/2010-10/RP-C201.pdf
- DNV-RP-C202 - Buckling Strength of Shells
- PULS (Panel Ultimate Limit State)
- DNVGL-CG-0128 Buckling

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 3/47
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ANYstructure API

See:

https://anystructure.readthedocs.io/en/latest/

From ANYstructure 5.

Basic calculations can also be performed using the ANYstructure API. The various input is
from anystruct.api import CylStru, FlatStru

def flatten numbers(value):
if isinstance(value, dict)'
for child in value.values():
yield from flatten_numbers(child)
elif isinstance(value, (list, tuple)):
for child in value:
yield from flatten numbers(child)
elif value is not None and not isinstance(value, bool):
try:
yield float(value)
except (TypeError, ValueError):
return

def max uf(results):
values = list(flatten numbers(results))
return max(values) if values else None

def print flat report(flat):

print ("FLAT PLATE")

print("Available chk]Whg methods: ,
".join(flat.c £ k1 hods()))

flat. _buckling
calculation method="DNV-RP-C201 - prescriptive",

buckling acceptance="ultimate"
pressure_side="both sides",
fabrication method stiffener="Fabricated",
fabrication method girder="Cold formed",

)

dnv = flat. g results()

prlnt(f"DNV RP C201 max UF: {max uf(dnv):.3£}")

flat. buckling pc
calculation method—"“emlAndlyt cal sS3/uU3",

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit
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buckling acceptance="buckling",
)
semi = flat.get buckling results()
print(f"SemiAnalytical selected UF: {semi['selected UF']:.3f}")
print(f"SemiAnalytical valid: {semi['available']} ({semi['valid label']l})")

special = flat.get special provisions results()
for name, check in special.items():
print(f"{name}: actual={check['actual']:.1f},
minimum={check['minimum']:.1£}")

print ("ML-Numeric: call set ml buckling model (ml algo) before using the ML
method.")

def print cylinder report(cylinder):
results = cylinder.get buckling results()
print ("\nCYLINDER")
for key in (
"Unstiffened shell",
"Longitudinal stiffened shell",
"Ring stiffened shell",
"Heavy ring frame",
"Column stability UF",

value = results.get (key)
if value is not None:
print(f"{key}: {float(value):.3f}")
print("Stiffener check:", results.get("Stiffener check"))

flat = FlatStru("Flat plate, stiffened with girder")
flat.set material(mat _yield=355, emodule=210000, material factor=1.15,
poisson=0.3)
flat.set plate geometry(spacing=700, thickness=18, span=4000)
flat.set stresses(

pressure=0.2,

sigma_ x1=50,

sigma x2=50,

sigma yl1=100,

sigma y2=100,

tau xy=5,
)
flat.set stiffener(hw=360, tw=12, bf=150, tf=20, stf type="T", spacing=700)
flat.set girder(hw=600, tw=15, bf=220, tf=25, stf type="T", spacing=2800)
flat.set fixation parameters(kpp=1l, kps=1l, kml=12, km2=24, km3=12)
flat.set puls parameters(

sp_or_up="SP",

puls boundary="Int",

stiffener end="Continuous",

up_boundary="SsSSs",

cylinder = CylStru("Orthogonally Stiffened shell™)

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 5/47
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cylinder.set material(mat_yield=355, emodule=210000, material factor=1.15,
poisson=0.3)
cylinder.set ion(delta 0=0.005)

method(stiffener="Fabricated", girder="Fabricated")

cylinder. set

cylinder.set essure included in stress(is_included=True)

cylinder.set

cylinder.set shell
radius=6500,
thickness=24,
distance between rings=3300,
tot length of shell=20000,

)

cylinder.set shell buckling parmeters(eff buckling length factor=1.0)

between girder(val=3300)

pacing(val=680)

cylinder.set longitudinal stiffener(hw=260, tw=23, bf=49, tf=28,

stf type="L-bulb", spacing=680)

cylinder.set ring girder(hw=500, tw=15, bf=200, tf=25, stf type="T",

spacing=3300)

cylinder.set
cylinder.set panel

cylinder.set excl ing stiffener(is excluded=True)

cylinder.set ing frame(is_excluded=False)
cylinder.set s sasd=-200, smsd=0, tTsd=0, tQsd=5, psd=0, shsd=-60)
print flat report (flat)

print cylinder report(cylinder)

Example output headings:

FLAT PLATE

Available buckling methods: DNV-RP-C201 - prescriptive, SemiAnalytical S3/U3,
ML-Numeric (PULS based)

DNV-RP-C201 max UF:

niAnalytical selected UF:

ialytical valid:

Plate thickness: actual=..., minimum=...

CYLINDER

Unstiffened shell:
Longitudinal stiffened shell:
Heavy ring frame:

Column stability UF:

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 6/47
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Startup

At startup user is asked to select either multiple panel mode or single panel mode. When
selecting single panel mode the following applies:

3D representation in the large canvas

Pressure input for plat plates simplified to manual input.

One line is automatically modelled. Further modelling not required.
All other input options are available.

Rl

e B e o

o it et e e

_ Chaons calculstion warkflow

s et et 5 S e S e Tt ]

Sheet input

Excel or any other sheet compatible software can be used is input basis for ANYstructure. Both
this applies both for flat plates and cylinders. Use “Open excel input” under files. The input is
specific.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 7147



05/06/2026, 13:27 ANYstructure documentation.docx - Google Dokumenter

7 | AbYstructure |

File | Geomeétry Reporting Interfaces Help Gl

T | ; T =
k's | Propestiestools | Compartments and loads  Information Halp|

MNew project

Save project as... project provided. Input here.
Save project, Ak-5
Open project

Restore previous

Open excel input

An excel file containing the correct input option is located in the installation folder and can also
be accessed under “Help”

EF | ARYstructure |
qle  Geometry Reporting Interfaces | Help | GUI

Seometry | Line properties | Properties _ jstion | Help |
Open website (documentation ete.)

o information on project pr Open documentation pdf

Donate!

Open example file

Open examijs excel input file

About AMYstructure

Modeling

Modeling is done in the Geometry tab.

Right click:  select point
You can copy or move the selected point by shortcut or clicking
Buttons.

Left click: select line

A line is made by right clicking two points (or input point number)

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 8/47
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Speed up your modeling significantly by using the shortcuts:

CTRL-Z Undo modeling

CTRL-P Copy a selected point

CTRL-M Move a selected point

CTRL-Q New line between two selected points
CTRL-S Assign properties to a selected line

CTRL-DELETE Delete the structural properties from the selected line

DELETE Delete selected line/point

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 9/47
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CTRL-E Select a line and copy the properties of this line h
CTRL-D Paste structural properties to a selected line

Arrows up/down Toggle point in model

Arrows left/right Toggle lines in model

CTRL-A Select all lines in model for changing a selected parameter for all
CTRL-T Select all lines of a specific structure type for changing a parameter

for multiple lines.

The shortcuts can be shown in the GUI as seen next.

¥ { i

Assigning properties

Input properties manually or click the button indicated below to set the values.

Values are set by clicking “Add structure to line”. This also applies to fatigue properties.
If you have added a property to a line and want to use the same for the next line, just

press “Add structure to line” on the new line.

The first value to be set is the structure type. The selection is either a flat plate or some
type of cylindrical structure (all others). The dropdown list is shown next. More details

on the cylindrical structures.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 10/47
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11
¢ | AMYstructure |
File Geometry Reporting SESAM interface Help GUI
Geometry Line properties Properties tools Compartrents and loads  Inforrmation Help
Select calculation domain - Flat..r:llater stiffened - h

| + Flat plate, stiffened
Flat plate, unstiffened
Flat plate, stiffened with girder

| Unstiffened shell (Force input)
Plate input Unstiffened panel (Stress input)

Stiffener/plate length AT | Longitudinal Stiffened shell (Force input)
i Longitudinal Stiffened panel (Stress input)

Ring Stiffened shell (Force input)

Plate thickness Ring Stiffened panel (Stress input)

Girder length, LG Orthogonally Stiffened shell (Ferce input)

Panel length, Lp Orthogonally Stiffened panel (Stress input)

Stiffener spacing/plate width 730

ﬁﬁ

All beam sections are recorded. If you want to apply an existing, choose it from

the drop down menu. Then press “Save and return structure”.

Scale stresses

Stresses can be automatically scaled when changing a property, for example plate thickness.
The parameters fup and fdown specify the factor to be applied to the scaling when scaling up
(thicker plate) or down (thinner plate).

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 11/47
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12

f? | AMYstructure |
File Geometry Reporting SESAM interface Help GUI

Geometry Line properties Properties tools Cormpartments and loads Information Help

Change one property for multiple lines here.
1. Prezs mulitple select button

Z. Select parameter in option menu

3. Press Change parameters button

mat_yield h Change parameters
Toggle select s il !

multiple

] Scale stresses when changing properties

Factor when scaling stresses up, fup
1 Factor when scaling stresses down, fdown

The formula applied is referenced next. The factor depends on your case.

If panel thickness: (T) is changed (dT), stress may be scaled by a factor (f) according te the

farmula:

new Stress ) * el Stress

T
C\T + fxdT

« = 0.0 -> stress does not'depend on local thickness change.

« = 1,0 -> stress is proportional to local thickness change,

Stresses to be scaled are axial stress (SigmaX), transversal stress{SigmaY) and shear stress
(TauxY?l.

The parameters fdown = 1 and fup = 0.5 are by default. The general idea is that it is
conservative to accept lower stress reduction when increasing thicknesses.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 12/47
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Cylinder input

Variables

Thickness t Thickness of cylinder

Yield stress fy Material yield stress

Shell Radius (middle of plate) r Radius of cylinder

Distance between rings I Distance between ring stiffeners. If there are no
ring stiffeners, the value is the same as cylinder
length.

Length of shell L Length of the cylinder.

Total cylinder length Lc Used when the input is a complete cylinder (not
panel). Total length of cylinder.

Eff. Buckling length factor k Effective length buckling factor.

Length between girders Lh Used when a heavy ring frame is applied. Distance

between the girders/heavy ring frames.

Changing multiple properties

If you want to change a single property for multiple lines. How to do it:

Press Toggle select multiple

Select the parameter to change

Select the lines to change. Click single lines, CTRL-A or CTRL-T (see shortcuts)
Press Change multi. param.

LN =

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 13/47
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14
i

File Geometry Reporting 5SESAM inteface Help GUI

Geometry Line properties Properties tools Compartments and loads Information Help

Change ane property for multiple lines here.
1. Prezs mulitple select button

2. Select parameter in option menu

3. Press Change parameters button

s mat_yield ¥ Change parameters
oggle sele

multiple
] Scale streszes when changing properties

Factor when scaling stresses up, fup

Fau:.'t-:ur when scaling stresses down, fdown

Display properties
If you click a line properties are shown in the input fields under the “Line properties” tab.

In addition a visual representation of the structure is shown.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBPpVFNI2X_dO70_kU/edit 14/47
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Also it is recommended to use color coding to review your input.
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16
Loads

Manual loads

The simplest way to define loads is to input the stresses and pressures manually. The app
provide clearly identified field for this.

In single panel mode, this is the only input for pressure.

Define tanks

Compartment and loads found in the “Compartments and loads” tab.

Tanks are searched for when clicking “Find compartments”. Non watertight structures

are ignored. For information on structure types click “Show structure types”.

By default tank content density is set to 1025 (water).

Other tanks are found content and overpressure must be defined as seen next.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 16/47
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f‘ A MYsLmchyE |
File Grometry Beporting SESAM inteface  Help G

Geometry  Line properties | Froperties bools: Lompasti rils and 035 |nformatson Help

]
| EilExternal pressures
'

St

T
5‘\_”5 U Find compartments

Sedected compartmert from boo befown

Sat compartman
properties.

Delete all tanks

Dhisglay curoent

COmpartmenis
Tank carment 5 badlast =
Tink density fkgfms3]: 25
Owerpressar= [Fa]: 25001

Max alevatan [m):
Min alevaton [m]:

Acceleration [m/s* 2]

If you press “Display current compartments” after doing a compartment search,
the result of the search is illustrated as seen next. Approximate area of the

respective compartments is also shown.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 17147
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Al Fupimm

AES PQE~E
Compartments returned from search operation displayed below

Cérnph Apgnoe Aiva 754
Compd Appeca. afea: 1554

- Dompd Apgien. dtea B ]

Compd Appros. anea: 312 8

*arey cokulation Inatcerucies due by Bhckmess of Bamieey (BHDfDeck]

Setting accelerations

Accelerations apply to tank content. It is set in the upper right corner as seen next.

Static and dynamic accelerations linel

Static acceleration [m/s*2]: i

81
Dwn, acc. loaded [m/s~2]: 3.0 Set
3.0

Dyn. acc. ballast [m/s~Z2]:

Define external pressures

Click “External pressures” to define pressures acting on the structures.

NOTE:

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 18/47
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FOR DYNAMIC EQUATION THE FOLLOWING APPLIES

X (horizontal) used for BOTTOM, BBT, HOPPER, MD

Z (vertical) used for BBS, SIDE_SHELL, SSS

After new window is opened:

1. Make dynamic loads
1. Dynamic loads are made by defining up to 3rd degree equations. X or Y
direction depends on the defined structure type.
2. Note that you can define a constant dynamic load by using Constant
(Constant (C)) only.
2. Static loads are calculated according to depth.
3. To apply a defined load to a line or multiple lines:
1. a. Select load by clicking the created load
4. Click the lines that shall have the load. Click the button “Press to add selected
lines to selected load”

5. When finished press the button in the upper right corner.

||||||||||||||||||||||||||||

Praes in wddl selerfod Sees 0 sslscie had

EER-B R R LF.
" {LLLJQJ\

1
C B LI TN 0 G UG S SR
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Slamming loads can be specified separately. The multiply factors are the slamming pressure to
be used on plate and stiffener respectively. For example for a 10 bar pressure:

Pplate = 10 bar * factor_plate

Pstf = 10 bar * factor_stiffener

Load combinations

Load combinations are created automatically after external pressures are defined. Some
comments on the loads.

1. According to DNVGL-OS-C101
2. Highest pressure is chosen w.r.t. tank filling.

3. You can deselect a load by manually inputting load factor to 0 or deselect
include.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 20/47
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Combination for line (select line). Change with shider.:

i{}s-c'mi"TaMH 1:DNVa) ZDNVb) 3: TankTest
1

L]

LEL T =at LF Dy LF IrschigdeT
ballast_bottom 0.0 0.7 ¥
loaded stalbic 1.2 0.0 !F
ballast_static EE T -
loaded_bottom 0.0 0.7 v
Compartment4 1.2 0.7 I
Manoal {pressore/LF) 0.0 1.0 [

Pressures for this fine:

(ONV a/b [loaded/ballast], tank test, manual)

Note that ch. 4.3.7 and 4.32.8 is accounted for.

DNV & [Pa]: [462698, 248632] DNV b [Pa]: [S46435, 248420]

TT [P2]: [235707] Manual [Pa]: [0.0]

Changing load factors

You can change default load factors and existing load factors using the button seen in
the next illustration.

Load factors are based on standard DNV LRFD factors, but any values can be used.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 21/47
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ANYstructure has 3 options for calculating buckling.

Buckling input

5et buckling method

End support

Fabrication method

Buckling length factor

Distance between lateral support
Tension field action:

Minimum pressure in adjacent spans
Load factor on stresses

Buckling acceptance

Utilization facton

Semi-Analytical Buckling

DMY-RP-C201 - prescnptge -

v DNV-RP-C201 - prescriptive
ML-Numeric (PULS based)
SemiAnatytical 53/U3

COMmOEoE "

welded

0

]

not allowed =~

=

ultimate

0.87

Semi-analytical buckling is used to evaluate plate and stiffened-panel buckling based on
established analytical and semi-empirical formulations. The method provides a fast alternative
to detailed finite element buckling analysis and is suitable for design iterations and optimization.

The semi-analytical buckling options use the same structural input as PULS, including plate
geometry, stiffener properties, material data, boundary conditions, and applied loads. Depending
on the selected option, the buckling response may be calculated directly using semi-analytical
formulations or estimated using a trained machine-learning model based on numerical PULS

results.

ML Buckling

The ML buckling option is a neural-network-based approximation of numerical PULS results. It
uses the same input parameters as PULS, but the PULS utilization factor is not applied.

The classification neural network is currently deactivated. ML buckling therefore uses only the

numerical neural-network prediction.
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The results should be used with care, as neural-network predictions may occasionally be
incorrect. The current prediction accuracy is approximately 97%.

ML buckling can be used with all optimization options.

Cylinder buckling

Prescriptive buckling calculations according to DNV-RP-C202. The various calculated buckling
modes are illustrated next.

LONGITUDINAL
STIFFENER

RING FRAME
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Table 1-1 Buckling modes for different types of cvlinders
Buckling mode Type of struchire geometry
HRing stiffoned Longitudinal stiffened Orthogonally stiffened
{unztiffened circular)
1) Shell buckling

b} Panel stiffener bucklmg

Sechon 3.7
¢} Panel nng buckhng
e
ety
-
Section 3.7
d) General buckhng
¢} Column buckling

Section 3.8 Section 3.8 Soction 3B
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Reviewing data

COB and COG

COG is calculated when structure properties are defined. COB for various drafts is calculated
when tank search is completed.

L

Reporting

SESAM i

fade

ANYstructure documentation.docx - Google Dokumenter

Gepmetry | Line propesties . Properties took Comparments and loads Informalion Help

Show lme names in

Label codos code

GLA

(m [

Show COGICOHE

J

O &

TR = ]

I

6 U

Checkto see aallae shorosds

BEEN (rog

Plate i
Pressgime
Buckling LIF
Sec.mad. UF
Faligue UF

Total LIF

SHiffener spacing
Sresses, sigma k1
Stresses, shgma K2
Stresoes, sigma yl
Stresces, Sigrma w2
SEresses, sigma taiegy
Sructure fype

Buckling - 5P or LIF

Bucklirig acceptance criteria
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e (PR TRR Y

Development of weight and COG is recorded each time the structure changes. The resulting
plot can be seen by pressing the “weights” button.

- 3
baltast ztamic o] Campartmentt i =
Manual {pressore (LT ) (k] 13 =
B B
TankTeat [m]
Pressyra . for the ina;
{orne ol Teaded/baliast], tank test, manual)
Maba that ch. 4.3, 7 and 4. 3.4 if accoumbad far,
DNV 5 [Fal: [a4z748, 223755] DOWv & [Palc [487281, 2325621
TT [Pali [#5s8a] Muniial EPal: Pou0]
PLILS resulls hor 16 Weights | B osd lnClors | Lasd inlo
k"
oL d

Soction modulises: Way 1z 6.2000F 06 [mm= 3], Wey2: 1.7900F 006 [mm~3)
M section medulias 19837 06 fian =]

Shear area: 5. 2A00E 03 [mm = 2]

Output example is seen next.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit 27147



05/06/2026, 13:27

Developement of weight and COG
COG X COG Y

FFALE
225
I N
72.4 1
| 1204 N
221 — 19 | /

22.3 5 181 (¥
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Color coding

All color coding options are indicated next.
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t? | AMYstructure |
File Geometry Reporting SESAM interface Help GUI

Geornetry Line properties  Properties tools Compartments and loads Information Help

Show line names in GUI
Label color code
Show COGICOB

Checkto see avaliable shortcuts

Beam prop.
Plate thi.
Pressure
Buckling UF
Sec. mod. UF
Fatigue LIF
Total UF

% Stiffener spacing
Stresses, sigrma x 1
Stresses, sigma x2
Stresses, sigma y1
Stresses, sigma y2
Stresses, sigma tauxy
Structure type
Buckling - 5P or UP

OO0 000000 o0Oooooo O OO0

Buckling acceptance criteria

Shifting coordinates for visual purposes

You can shift the coordinates displayed for visual purposes. This does NOT affect the
calculations of loads. This feature is included to better be able to review coordinates using
different origins. Input magnitude of the shift in the lower left corner and check “Use shifted
coordinates” to activate.

Loads

Pressure magnitude can be reviewed by using color coding. The highest total pressure used in
calculations is shown.
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Load calculations and results can be reviewed by clicking the “Load info” button. An example is
seen in the next illustration.
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u.'f | AMYstructure | “ship_section_sxamplett &2 O -
Load results for lined
Loads for condition: loaded - dnva
atatic with acceleration: 2.81 1a:
1%] 3=221215.5 = 287580.2
dynamic with acceleracion: 3.0 1is3:
1+ TEIR1077.2 = 1Z67549.1
RESULT: 287580.2 + 126754 = 4143342
Loads for condition: ballast — dnva
dynamic with acceleration: 3.0 is:
1%0.,.7*51425. 2 = 40187 .6
static with acceleration: 9.81 is:
1*1.3*150828.6 = 196077.4
compd — gtatic: 1*1.2*310707.22500000003 4+ 25000.0%1.3 = 405348. 67000000004
compd — dynamic: 1*0.T%85017.50000000001 + 25000.0%0 = 866512.25
EESULT: 40197.6 + 19%&077 = 236275.0
Loads for condition: loaded - dnwb
static with acceleration: %.81 is:
1%¥1.0%221215.:58 = ZFIT1I5.5 i
dynami<c with acceleration: 3:0 is:
]

11 2XI81077.2 = 217283

RESULT: 221215.5 + 2172593 = 438508.2
Loads for condition: ballast - dnvb

dynamic with acceleravion: 3.0 is:

1% .2*ET425.2 = S3030.2

static with accelsration: 9,81 is:

1=1.0®150828.8 = 150828 8

comp4d — static: 1%1.0%310707.225300000003 + 25000.0*1.3 = 34

comp4 — dynamic: 1*1.3*55017.50000000001 + 25000.0%0

RESULT: €8510.2 + 150829 = 219739.0

Tank test for: ¢

1 * 1.0 *90221.0 + @.-=-90221

Tank test for: compd

1 = 1.0 * 3109072 4 25000.0 * 1 = 335707
Manual pressure:

8.0 ® 1.,0% -} =8.0

Thickness and beam properties

Line plate thicknesses and beam properties can be reviewed using color coding. Plate
thicknesses are exemplified next.
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Global stresses (buckling) and structure types

Stresses used in buckling calculations can be reviewed by checking as illustrated next.
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[ Checi b sae avalisbis shodoulz [~ Show ling namaes m GUI I “Showponlnames in GUI [ Labelcplor code
Grodor coding

[~ Beam prop,
[~ Pighe ihi

[~ Prassune

[~ Bucking LIF
[~ Se rod UF
[~ Fabigue UF
[~ Total UF

40,0 1Pa
A0 WP
520 MPa
SBI MPE

R
FOo MR
76.0 MFa
B2.0 MPa
BR.0 WP
94.0 MPa
1000 MPE

loaded static [m]

baiast_stabic o]

TankTest Im]
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Results

When clicking a line, results as presented in the window below. If the result for the
clicked line is OK, the color of the line and text is green. If the result is NOT OK, the color
of the line and text is red. Two examples are seen next.

Special provisions - DNV-05-C101 - checks for section, web thickness and plate thickness.

Minimum value Actual value Accepted?
Section modulus check 1.9617E+06 [mm~3] 1.9600E+06 [mm~3] Ok
Shear area check 3.6307E+03 [mm™2] 5.2320E+03 [mm~2] Ok
Piate thickness check 14.4 [mm] 18.0 [mm] Ok
Buckling results DNV-RP-C201 - prescriptive - (plate, stiffener, girder):

Plate Stiffener Girder
Cverpressure plate side 0574 1.244 0
Crverpressure stiffener side 1.112 0
Resistance between stiffeners 0.832 ]
Shear capacity 0.68
Maxirmum web height [mm] 410.0 +
Maximum flange width [mm] 205.0 0

Fatigue resolts (DNVGL-RP-C203):
Total damage (DFF not included ): 0.137 | With DFF = 2.0 —-> Damage: 0.275

Special provisions - DNV-05-C101 - checks for section, web thickness and plate thickness.

Minimum value Actual value Accepted?
Section modulus check 8.1018E+05 [mm~3] 1.7400E+06 [mm"3] Ok
Shear area check 1.7920E+03 [mm~2] 4.5360E+03 [mm~2] Ok
Plate thickness check 11.0 [mm] 18.0 [mm] Ok
Buckling results DNV-RP-C201 - prescriptive - (plate, stiffener, girder):

Plate stiffener Girder
Owerpressure plate side 0.352 0.641 0
Owerpressure stiffener side 0.554 0
Resistance between stiffeners 0.865 0
Shear capacity 0.411
Maximum web height [mm] 410.0 ]
Maximum flange width [mm] 228.0 ]

Fatigue results (DNVGL-RP-C203):
Total damage: NO RESLULTS

A combined utilization can be reviewed using color coding.
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From 0.5 you can iterate by a defined set of stiffeners. Press the button marked below. Open a

csv (or json) file. Then start your iterations. The only other input is the stiffener spacing and

plate thickness.

To see how the input format is, click the “open predefined stiffeners example” button. See

illustrations next.

Open predefined stiffeners example

RUN OPTIMIZATION!

anysmart —I

algorith information !

Note that the weight of your initial structure is ignored even though it is calculated. If the initial

structure is in your predefined set it will be included in the evaluations.

Press the button indicated below to activate. An open file window will open when running the

optimization.

== Structural optimizer =-

Reburm and replace Inital sree e with optimized

Spacing [mm] Plate thk. [mem] Wiab heaght [mm]  Web thik. [mm] Flangs width [mm] Fange th [mm]
Upper bounds [mm] B30 2540 B0 ELT e 400
eratian delta [rmm] EEER 24 SO 120 Lok 24
Lower bounds [mm] 65010 I A0 1540 10000 200
Esttimated running tinae lor algorithm: seconds

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit
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Single optimization
Single optimization is done by clicking a line and clicking the “OPTIMIZE” button.

1. Set the upper and lower bounds of the optimization.

2. Set the delta to be used for the search. This is the step size of the optimization
when using brute force method (for example anysmart).

3. Run the optimization.

4. If you are happy, return the properties by clicking the top button

Various checks in the optimization module:

You can select the checks to be performed. PULS buckling can be used in optimization.

Remember to check the running time.

The weight filter ensures that only sections with a lower weight than the current
minimum weight. This significantly speeds up the calculations, but if you want to see the

full distribution of the various checks this must be unchecked.

Check for minimum section modulus [
Check for minimum plate thk. v
Check for minimum shear area [
Check for buckling (RP-C201) [
Check for fatigue (RP-C203) [
Check for bow slamming [
Check for local stf. buckling [
Use weight filter (for speed) [
Check for buckling (PULS) [
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If you press the “show calculated” button, you will get an overview of how many

are ok and how many failed (and what criteria first failed). One “occurence” is a

one checked plate/stiffener combination.

Returmn and replace mnitial structure with optimized Open

sht [mm] Web thk. [mm]  Flange width [mm] Flange thk. [mm] [_,_(M

35.0 {300.0 [40.0
20 ' 50,0 20
hsp. 1opn oo
& Figure 1 7
|
| Check fail type or OK Number of occurences L
Bucklin 24821
Check O 30292
Fatigue ~ 2063 o
_ Local stiffener buckling 4224
r m
bu
Buckling
Fai
pc
e Local stiffener buckling
h Fatigue o
Check OK
%3

ﬂ.|(-|-)‘ "H Q|§| | x=0.00166369 y=0.0400753

You will also be asked to save to a csv file. If you do not cancel, a csv file will ALL
results will pre saved to your chosen location. If you open the file in excel you
should see something like show next
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Multiple optimization

-- Structural aptimizer for multiple selections -- e Wit sl s oA ST W3R AT

T ] L e it | 1 B T [ Pl e [t P 1

Multiple optimization is done by clicking the “MultiOpt” button.

1. Same input on upper bounds, lower bounds and delta.
Click all the lines you want to include in the optimization.
Run the optimization.

Check the properties by middle clicking the line you ran.

o 0D

If you are happy, return the properties by clicking the top button. Remember to
select the lines you want to return. Lines that have been optimized are marked

orange.

The optimization can be harmonized. That means that the largest dimension found in
the multiple optimization is used for all selected. This is done after all plates/stiffeners
are checked. Harmonization can only be done in the multiopt option. Note that the

weight filter is not used when harmonizing, i.e. running will take some more time.

Other options that can be set are explained in the single optimization chapter.

When showing calculated you must have selected a line (middle click).
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NOTE: The span optimization is computationally heavy. It is recommended to use a set

of predefined stiffeners.

Opén predefined stiffeners example

RUN COPTIMIZATIONI

Select panel to plot:

amysmart —I ‘

Select number of pansls:

Mone — |

MNone —

Show previous
results

show calculated |

algorth infermation

L

== Plate lield span optimizer for plate fields sepasated by frames, --
Snmmg | Pnie kDo ] bk ] Vi oA | Tl ] g T |

wasuch |ve | ] e

Frosmess
I oy s '|D|\h_|

LAt vl Py T 11 it it oot Wirswidin CE Lk e s

-
&

s e s

The optimization is started as follows.

1. Start by clicking as illustrated next:
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2. Check the input and checkboxes in the lower right corner

You can, similar to single optimization, select the checks that shall be runned. Also you

can set the girder (frame) properties. This is used for calculating the weights.

Chieck for minimurm section modulus [ Frame (girder data) for weight calculation:

Check for mimmum plate thk. [ Girder thackness [0.018

Check for minimum shear area [ Stiffener height 10.2%5

Check for buckling (RP-C201) v Stiffener thickness [0.015

Chieck for fatigue (RP-C203) [ Stf. flange width |0

Check for bow slamming [ 5tf. flange thickenss |0

Check for local stf. buckiing [w For weight calculation of girder: Max span mult / Min span mult
R

Factor when scaling stresses up, fup 0.5 Maximum span / Minimum span -> |6 2

Factor when scaling stresses up, fdown I
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3. Start the calculation

The program will calculate variations of even spans in your structure as illustrated next.

This is an example and the number of plate fields may vary.

4 plate fields

- = .

L, .
6 plate fields

L &

e 4

8 plate fields

L e . v . ]
10 plate fields

————y

With reference to the previous example, max span mult is the multiplicator for the 4
plate fields set up and min span mult is the weight multiplication for the 10 plate field set
up. This is adopted because one can assume the required dimensions for the girder will

reduce when more girders are added.

Minimum span and maximum span is the minimum and maximum span of the plate
fields in meters.

Results are presented as seen next.
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In this case 8 plate fields with length of 3 meters will give the lowest weight. 6 plate

fields are almost equal.

When the analysis has been runned you should save your results. Just specify a file
name in the save file dialog. You can also get detailed individual results for a specified

panel. Select the number of plate fields in the iteration you want to look at, then choose

which panel to get data from. Order of the panels is the same as printed in the left result

canvas.

Opan predefined stiffeners sxample

Select panel to plot:

Mane — |

Select number of panels Mone  — |
RUN OFTIMIZATIONI '

afys marnt =t

show calcula‘ced‘

algorith intarmation

Show previous
results

Now close the window. Results are not currently returned to the main window.
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Detailed results, printed after running, looks like this :

Plate fields: 22 Frases: 18
PL_GRERRLA . oTF LIRS 0NR B 10 Bl B dpan: B wieuciuee Eype: BOTTON EF. type:
PI_G50,0ld, B STF LERA, PR Beil BxI7. 8 pan: 18636 AlruClute byps: SOTTOM SUF. Type:
pl_ RSB Bald, @ wrf LIBE B, 800, 0nl7, 8 dpun: 1080 sbnscture type: BITTON wuf. vypes
1G5 Bl St F LANR S e 3 T dpden: 10636 alructus Bypd BOTTOH 614, Uype:
Pl G50l anf L RR Bl e 30 BT spae TBRIA wEruC e Eype
b BN L ST L L, e e 1, 0656 Al Dure Dy
b S L ST DA B B T LA wnru b Ky
PGS Ml @ S f LA S e ) Bad T LM D D Ry
¢ LS sleorbume Rypel
PL_GSH At B St f L LB el e 16 B T ¢ 3B Alrueluee Nyew
PL_BSR LA R SiF_LIGH, BaB, @36, Rl 7 spmm: 108535 shrutluee Dyped SOTTOR siF, Dy
LR, SUF_LUGE, BNH, B 6. Bt T dpun: 0536 alrutlucd Dyow! GENERAL TNTESOMAL WT At Dype: L
PL_TRR Bl 0} 1L EES B, B3 BelB T apum: 1oGS3E- abruttuee Gy GREAAL THTFRSAL WT aed. types 0
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Output and reporting

Report are available as seen below.

? | AMYstructure |

ship_section_example.tet

File Geometry Reporting SESAM interface Help GUI

Geormetry Line e e e e e e e e 1

Select calculi

Stiffened flat plate - Generate PDF report
Stiffened flat plate - Generate PDF result table
Stiffened flat plate - Weight development, plates and beams

F LS 10 the selected fine, Sets all
B

basic structural information. _

Plate innut

General

A pdf report can be created by clicking “Reporting - Generate PDF report”. The report will

include all information for all lines. An example is seen next.
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Table

A report in table format can be created using “Generate PDF result table”. This report is a
compressed version of all results.

Export to JS

ANYstructure can export points, lines and section properties to SESAM GeniE. A dialog will
request a location to save the JS file. After that you can read the js file into GeniE.

e R e e S e e e e e L e S

The result is illustrated next:
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Exporting 3D

ANYstructure can export plate fields and cylinders to either solid or shell 3D CAD formats.
The export button are shown in the next figure.

These models can be used as input to FEM analysis. If you wish to check non-linear buckling,
the recommended imperfection is shown in the lower-mid part.

feEd PQ=

Optiize selected line/structure (right click ine):

OPTIMIZE .2 | | multiopt | ‘ seax
Combintinforn Gt e Chngewith e
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Changing the GUI

Various GUI modifications can be selected as seen next.

# | ANYstructure |  ship_section_example.txt

File Geometry Reporting SESAM interface  Help %I

Geometry Line properties Propertiestools Compartme™ — — ~ ~ ~ ~ ~ ~ ~ =~ ~ “lp
| Colors - Default
Select calculation domain -> Flat plati  Colors - Light

Colors - Grey
ies

; Colors - Dark E
d F LS Colors - Unicorn n

Functional - All items

Plate input Functional - Medelling

Stiffener/plate length 38000
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