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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/ANYstructure/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-0OS-C101 Design of offshore steel structures, general - LRFD method

- http://rules.dnvgl.com/docs/pdf/DNVGL/OS/2018-07/DNVGL-0S-C101.pdf
- DNV-RP-C203 Fatigue design of offshore steel structures
- DNV-RP-C201 BUCKLING STRENGTH OF PLATED STRUCTURES

- https://rules.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
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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

Cylinder

tiffened shell')

cation method ()
end cap pressure included in str
_ lsiol als ()
exclude ring stiffener ()

_length between girder (

_panel spacing ( = )
.set _shell geometry ( =
= )
.set longitudinal stiffener (
.set _ring girder (hw= 5 =
_shell buckling parmeters ()
val in my cyl.get buckling results() .items() :
(key, wval)

my flat = FlatStru("Flat
my flat.set material (
= )
my flat.set plate geometry ()
my flat.set stresses(
= )
my flat.set stiffener()
my flat.set girder ()
my flat.set fixation parameters
my flat.set buckling parameters
prescriptive’
for key, val in my flat.get buckling results().items () :
(key, wval)
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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.

# | ARNYstructure |
File | Geometry Reporting Interfaces Help GLUI
MNew project 3 3
Save project as.., project provided. Input here.

Save project, Al-5
Open project

Restore previous

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

? | AMYstructure |

Open website (documentation etc.)

e Geometry Reporting Interfaces | Help | GUI

[o information on project pr Open documentation pdf

Donate!
Open example file

Open examije excel input file

About AMYstructure
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Modeling

Modeling is done in the Geometry tab.

Right click:

Left click:

| Ahetructune |

select point

You can copy or move the selected point by shortcut or clicking
Buttons.

select line

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

File Gepmetry Repottng  SE5AM infedace  Help

Geometry | Lime peoperties Prapersies tooks Compatments and Ioads Informatson . Help

L-provided. Tngut here.

| Impul peodinl Cordinates | |

Poird » (horiznntal) jmm| o] Akl point [coords)

Pt v (veTis

| Sheorwy poinl fiasies &

1 |mmj i

Copy paeinl (relalive)

1L O Mowe paint

Mo line

Erput fime Froam " pedint number™ o " point mumber”

Lime froms point

Lime i posnit

ks : Add fing

Delete lines amd pomts [or left/vght dick and ose "Delete key”]

Limo namser (el clice) U

| Psdrdt Frurmber {right o

Dzl lire

ki b

Dedete prop.
Lhfester pewinir

Shitt conrdimate labeling [mm]:

kit respoded cordmnbas.

Lise shilfigd conriinades

Speed up your modeling significantly by using the shortcuts:

CTRL-Z

Undo modeling
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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

CTRL-E Select a line and copy the properties of this line

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.

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#heading=h.y10cl7kia80a 7/41
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¢ | AMYstructure |

File Geometry Reporting SESAM interface

ANYstructure documentation.docx - Google Dokumenter

Help GUI

Geometry Line properties Properties tools Compartments and loads  Information Help

Select calculation domain - =

Plate input
Stiffener/plate length 000
Stiffener spacing/plate width 750

Plate thickness 18 |
Girder length, LG 10000 |

Flat plate, stiffened = L}
v Flat plate, stiffened

Flat plate, unstiffened

Flat plate, stiffened with girder
Unstiffened shell (Force input)
Unstiffened panel (Stress input)
Lengitudinal Stiffened shell (Ferce input)
Longitudinal Stiffened panel (Stress input)
Ring Stiffened shell (Force input)

Ring Stiffened panel (Stress input)
Orthogonally Stiffened shell (Ferce input)

Panel length, Lp 0 | Orthogonally Stiffened panel (Stress input)

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#heading=h.y10cl7kia80a 8/41
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E? | AMYstructure |
File Geometry Reporting SESAM interface Help GUI

Geometry Line properties Properties tools Compartrents and loads  Information  Help

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

2, Select parameter in option menu

3. Press Change parameters button

..............................................

mat_yield - Change parameters
Toggle select = <

multiple

Scale stresses when changing properties

L]
0.5 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.

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

farmula:

T
newStress = (7_ T/ ) + oldStress
= .l'li

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

« [ = 1.0 -> stress |s proportional to local thickness change.
Stresses to be scaled are axial stress [SigmaX), transversal stress{SigmaY) and shear stress

(Tauxy).

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#heading=h.y10cl7kia80a 9/41
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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.

PN~
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7

File Geometry Reporting SESAM interface Help GLI

Geometry Line properties Properties tools Compartrents and loads Information Help

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

2. Select parameter in option menu

3. Press Change parameters button

e rnat_yield bt Change parameters
oggle sele

multiple
] Scale stresses when changing properties

Factor when scaling strezsesz 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.
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Also it is recommended to use color coding to review your input.

Manual loads

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

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

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

'?' MM Ystacture |
File Grometry Repoting SESAM interface Help G
Geometry Line properbes  Propesties toals
= B External pressures
rshzierl

emipatmirts and loads jnformeton Help

] ! Find compartments

Selected compartment from boo belfow:

Sat compartmeni
propeeties.,

Delate all tanks

Lhisglay curoent

compartmenis
Tank condent ballast =
Tank density [kg'm=3}: 125
Ohwerpressurs [Pal: P SHK]

Max atevation [m]
Min alevabon [m]:

Acceleratan [mis~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#heading=h.y10cl7kia80a

13/41



27/05/2026, 13:39 ANYstructure documentation.docx - Google Dokumenter

14

#E> FQAEL
Compartments returned from search operation displayed below

Comps Approe, s 154
Compd Appros. anea: 1524
Compt Apdice ames: A1
Compd Appron. anea: 133 4
Esternal

Hal searched

IHD ek

*area cokulation imsccurocies due bo thickreess of bariers (BHD Deck]

COB and COG

COG is calculated when structure properties are defined. COB for various drafts is calculated
when tank search is completed.
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Fite Geometry Reporting  SESAM interface  Help GUI

Geometry  Line properties’ Properies tools Compartments and lnads Informalion  Hejp

Show line names m GU
Labal color code

Show COGIC0A |

Check o aae avaliable anorous
Beam op

Piate thi

Pressire

Buckiing UF

Sec mad. UF
Faligua UF

Total UF

Stiffener spacing
Stresses, ugmax 1
Stresies, sigma s
Stresses; sigma yl
SEressEs, Ggma y
SEresses, sigma tauy
Seructure bype
Buckling - 5P or LIP

DoOoO0oo0ooooooroo oo 0

Bucklinig acceptance critena

sl _stmtic | mi]

shewl COG M- I3 w13

mriFrst fm|

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

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a 15/41



27/05/2026, 13:39

5 b”:"-r"\_-ﬁl':f- im| e et L B ke
Manupal {pressoce/LE) nn 7
w1104
Tank Tist fm
Pressirag fod thes hinai
o ofb Dooded/Ballast], tank test, manuadl
Mata that ch. 4.3.7 and 4.3:8 s accounted for.
oM & [Fal: 447748, 243755] DNV b [Fal: [487781, 237562
TT [Pal; (0488 Manual [Pa]: [0.0]
PULS pisults Tar Weights | Basil lnctars | Laad inla t
ol 4

Secthon modubises: Wey 12 B2900F 006 [nam~3 ]|, Wey?: L7900F+06 [mm~ 3]
Bhinimiany section modlus: 1 983 2F 006 [ w71

Shear area: S5 2A00E #3 [mms =~ 2]

Output example is seen next.

Developement of welght armd CO4

COGX oG Y

22.24
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Plates in mode

Beamrs iy model

150mm | T_£00 _0xl2 0200 Ga20 0

7% omm 25000140
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Setting accelerations

T_300.0x12.0_1%0 0a30.Q

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

Static and dynamic accelerations

Static acceleration [m/s"2]: |9.E1
Cryn. acc. loaded [mfs~2]: |3.'|] Set

Dyn. acc. ballast [m/s*2]: |3.'|]
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Define external pressures

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

NOTE:

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
a. Dynamic loads are made by defining up to 3rd degree equations. X or Y
direction depends on the defined structure type.
b. 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:
a. 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.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a 17/41
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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
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.
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Combination for ine [select ine). Change with slider.:

0S-C101Table1 1:DNVa) 2:DNVb) 3 TankTest

1

Wara: Stat IF Dy LF Enchicia?
ballast_bottom |0.0 0.7 [
loaded_static 13 |00 7
ballast_sktatic 1.3 (0.0 ™
Nl Bt o oo o7 v
Compartmentd (1.2 !Jf [
Manoal { pressore/LF) .I:!_I—J 1|:| [v

Pressures for this line:

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

MNote that ch. 4.3.7 and 4.3.8 is accounted for.
DNV a [Pal: [462658, 2486372) DMV b [Pal: [S46425, 248430]

7T [P=]: [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.

SA-CT00 fabbe T N OHVE) & DRV BTkt
1
i1

i 1 i
stabic_Tam 1.1 ] ¥
sk _1%m =
static_fm i1
Kagabed Emibirias T
[ - = T £
Cormiairmeni? 12 g =
Vinnusd |preasmn LT} ]

IR s lina;
oV afb ficaded™ 1. tank teat, mamosad]
e that o, 4.0,7 3 4 s geeaimisil far
oA s {Pa: (12000, 229422) rend b {Pal [2optan 2 nzTes|
TT [Pali SPEEATR] T i
{_\_I el Tﬂa‘ul:ﬂD o] imli
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Buckling

ANYstructure has 3 options for calculating buckling.

Buckling input

St bisckiing method PNV-RP-C201 - prescn;:tgre *

ANYstructure documentation.docx - Google Dokumenter

| v DNV-RP-C201 - prescriptive
ML-Murmeric (PULS based)

SemiAnalytical 53/U3
End support ey el
Fabrication method welded -
Buckling length factor 0
Distance between lateral support a
Tensicn field action: not allowed -
Minimum pressure in adjacent spans 0
Load factor on stresses 1
Buckling acceptance ultimate -
Utilization factor: 0.87
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Define tanks

Buckling calculations as per DNV-RP-C203.

Semi-Analytical Buckling

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.

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.
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Iable 1-1 Buckling modes for different types of cylinders
Buckiing mode Dype of structure geometry
Ring stiffened Longitudinal stiffened Crthoganally stifferned

{umstiffened circular)

a} Shell bucklmg

b} Panel stiffener buckling

Sechon 3.6

¢} Panel nog buckling

Section 5.3
d) General beckling
Section 3.7
e} Colimn buckling
=3
{ {
( |
5!
Section 3.8 Section 3.8 Section 3.8

Reviewing data

Color coding

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

Geometry Line properties  Properties tools Compartrents 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 LUF
Total UF

% Stiffener spacing
Stresses, sigma x 1
Stresses, sigma x2
Stresses, sigma vl
Stresses, sigma yd
Stresses, sigma tauxy
Structure type
Buckling - 5P or UP

I | )

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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nf | ANYstructure | ship_section_sxample.txt s O

Load resulta for lined

Loads for condition: loaded - dnva
STLAtic with acceleration: S.81 1s:
A1#] 3*3212315.5 = 287580.2
dyﬂamlc with acceleration: 3.0 1s8:
1+#Q. 7*181077.2 = 126754.1

RESULT: 287580.2 + 126754 = 414334.2
Loads for condition: ballast — dnva
dynamic with acceleration: 3.0 is:
1=0.T=57425.2 = 40187.6
static with acceleration: 9.81 is:
1*¥1.3*150828.8 = 196077.4

compd — . gstatic: 1%1.2*310707.22500000003 + 25000.0%1.3 8. 67000000004
compd — dynamic: 1*0.7*¥55017.50000000001 + 25000.0%0 = 5
RESULT: 40197.6 4+ 196077 = 2362750
Loads for condition: loaded - dnvb

static with acceleration: %.81 is:

I*1 . 0*221215.5 = 221215.5

dynamic with acceleration: 3.0 is:

1=1 . 2*181077.2 = 217282.7

RESOLT: 221215.5 + 2172593 = 438508.2
Loads for condition: ballasat - davb
dynamic wWith acceleracion: 3.0 is:
I*].2%257425.2 = €8510.2
sStatic with acceleration: .81 1is:
1=1 0=150B28.8 = 1508328.8

3207.22500000003

comps — static: 1*1.0%310707.225300000003 + 25000.0*1.3 = 34
= 3522.75000000003

2
comps — dynamic: 1%1.3*95017.50000000001 + 25000.0%0

2 LR

Tank test T

1 * 1.0 * 40221.09 + 0 = 40221

Tank test for: compd

1 * 1.0 * 310707.2 + 25000.0 = 1 = 335707
Manual pressure:

g.0 * 1,0* 1 =190.0

Thickness and beam properties

Line plate thicknesses and beam properties can be reviewed using color coding. Plate
thicknesses are exemplified next.

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a
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[T Check o sen aaliable shatas [~ Showbne names in GO I Show paitt mames nGul [+ Labal color code
Caolor coding

[~ Beam peop

= Plate thic
[~ Pressue
™ Bucding LIF i LS B0 ga &0 g _ 1E0 TR L Wo: 0
I~ Hsc mod LF
I~ Fahigue LIF Al R il
[~ Tatal UF an i
» me—
PMatn 14.0 mm
Plate 15.0 mm .0 180 150
Flotie 160 rmm i 140
= » " loeaded static[m]
THa .0
» pme————
3 .1 130 180
el
i} 40
» ot Brllant_gtatic [rmi
i A 150
(4] a0
»  m—
8.0 150 150
180 4.0
i f——
a0 (k] 1a1
TR
»
A TankTast [m]
L0 1] L0 180 Ra 180 180 1)

Global stresses (buckling) and structure types

Stresses used in buckling calculations can be reviewed by checking as illustrated next.
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[~ Check b s8e avalizbin shorlcits [~ Show ling narmes o GLI T Snow point narmes o GLI [+ Labsicolorcoda

Crodor coding

[~ Beam prop.
[ Plate thic
[~ Prossuns
[~ Buckling LIF » o E TR - oo o - T - Lk - TG - 0 -
[ Sec mod UF
15 P
[~ Faigue UF . o
[ Tetal UF NG
L
0.0 M
45.0 WP s i "
Z2.0 MPn 0.0
] lopded sfatic [m]
! 1] kLK
i)
*
i A0
0
LADH bakast static fm]
1.0 i
00
>
i 1] EAE
]
>
a b
]
>
1] AF TankTest [m]
k] 200 QLI 900 . -DOQ . 50D 900 0.0
T FLTH Hen 1] W Hh i BT Hin
1000 100.0 00,0 1000 1000 100.0 000 00,0
{00}

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.
Minimurn value Actual value Accepted?
1.8617F+06 [mm~3] 1.9600E+06 [mm~3] Ok

Shear area check 3.6307E+03 [mm~2] 5.2320E+032 [mm~2] Ok

Fiate thicknass chack 14.4 [mm] 18.0 [mm] Ok

Buckling results DNV-RP-C201 - prescriptive - (plate, stiffener, girder):

Secticn modulus check

Plate Stiffener Girder
Owverpressure plate side 0.574 1.244 0
Cwverpressure stiffener side 1.112 0
Resistance betwesn stiffeners 0.832 ]
Shear capacity 0.684
Maximum web height [mm] 410.0 o
Maximum flanges width [mm] 205.0 1]

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

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a

28/41



27/05/2026, 13:39 ANYstructure documentation.docx - Google Dokumenter

29

Special provisions - DNV-0S-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
Cwerpressure stiffener side 0.554 0
Recistance between stiffeners 0.865 0
Shear capacity 0.411
Maximum web height [mm] 4310.0 0
Maximum flange width [mm] 2280 0

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

A combined utilization can be reviewed using color coding.

Optimization

Optimization iteration by predefined stiffeners

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 —!

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.
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-- Structural optimizer -- Reburn and replace initial strechse with aptimized
Netsty predefienad wileness
o — ] fipacing [mm] Plate thi. [mer]  Wob hraght [mm] Wb thh. [mm]  flangs width [me] Plange thk. fmm]
Upper bounds fmm ] B3O 254 B0 154 W0 0
RAUN OPTIMIZATION|
Merabon delta [mm] S0 ) LTl
Lower bounds [mm] G500 h111] Tkl 150 1000 2010
Estimated running Linse tor algoritlm: F seLonds

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.
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Check for minimum section modulus [
Check for minimum plate thk. ™
Check for minimum shear area [
Check for buckling (RP-C201) [
Check for fatigue (RP-C203) [
Check for bow slamming B
Check for local stf. buckling [
Use weight filter (for speed) [¥
Check for buckling (PULS) -

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.
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Return and replace initial structure with optimized Open
ght [mm] Web thk. [mm]  Flange width [mm] Flange thk. [mm] ﬁL
7
350 300.0 40,0
o 2.0 50.0 2.0
- 150 [100.0 200
(%) Figure 1 et
T
Check fail type or OK Number of occurences i
Buckling 24821
Check OK 30292
Fafique 2063 "
| Local stiffener buckling 4224
m
oL
Buckling
Fai
nC
W Local stiffener buckling
D3 Fatigue o
Check OK
&
11 ...l (-l-)|| q-I-.IQl"z—“ ' 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

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a
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Multiple optimization

-- Structural optimizer for multiple selections --

L TR i et

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 &~ b

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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Span optimization

NOTE: The span optimization is computationally heavy. It is recommended to use a set
of predefined stiffeners.

Open predefined stiffeners example

Select number of panels:

= = Mone — |
BRUN OPTIMIZATIONI! ; Show previous
Select panelto plot Mina o= C

anysmart — ‘

show calculated |

algonth information

= Plate field span eptimizer for plate tields sepasated by frames, - Tdwpn peris e ni e, o e |

mmagfmm| P ok | v gk ] v . G| Flatgn m ] s ki, G|

[ ¥ Uran = |
" = e =]
it i i Vit b b et st T Ml S i e
o .I'.l.-'llllllll'l amaw buere dur
- *
srarm ey P ) be s ki deulei i
¥
r— —— —, -
L m— et ey,

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.

Check for minimum section modulus ™
Check for mimmum plate thk. [
Check for minimurm shear area [
Check for buckling (RP-C201) [
Check for fatigue (RP-C203) [w
Check for bow slamming [
Check for local stf. buckling [
Factor when scaling stresses up, fup 105

Factor when scaling stresses up, fdown |

3. Start the calculation

Frame (girder data) for weight calculation:

Girder thickness [0.018
Stiffener height [0.25
Stiffener thickness (0015
SH. flange width o

Stf. flange thickenss :ﬂ

For weaght calcuiation of girder: Max span mult £ Min span mult

Maximum span / Minimum span -> |6 4

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a
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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

" M 4 -
w . - .
6 plate fields

| g \ T f—
& * g 1
8 plate fields

— < 2 5
i s o -
10 plate fields

L aa - : - . 4
L 4 - . <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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RUN DPTIMLZATION)

anysmart

Wpsadts seen naxt. Waight index 15 tot_weight § max_weight
max_ weight iz the highost tokal weight of the checked variatons.
Waight sdax ol 1 & the heswvest calculsbed vanation
| Plate fickis | Fiekis length | weight index | all oKz |
s T T T T TR R RS T P e e T
4 6.0 1.0 Trune
f 1.0 0. 7685 True
f 3.0 0.76h Trume
10 2.4 0525 True

37

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.

Open predefined stiffeners example

Select number of panels: Mone =t |
RUN OPFTIMIZATION! Eul Lt ok
select panel Lo plot:

Mone — I

amysmarn -4 |

show calculated ‘

algorith information J Mmﬂ:ml

Show previous
results

Now close the window. Results are not currently returned to the main window.

Detailed results, printed after running, looks like this :
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Flate Fields:
pl_E5.Axla. B
pl_ES8. Bxld B
pl_RSH.Bxld. B
p1_ESE. Bxld. B
pl_RSE. Bxla B
l_RSR. Bx 1. B
pl_BSE. Bxld. 8
Pl_RGR:Bxld, B
Pl_RSH . Rl B
pI_RSA. Bl
pl_Rsa, Axla .
P1_758, Bxld, B
pl_7sa.axia. 0
pl_7RE.Axla, B
WI_750, Bald
Pl_758, Bxld,
P75, Ml @
pl_758, Bxid, i
pl_7sE, Bula, i
Pl 75, Bata, i
Pl 758, D, i

22 Frasas: 18

sTF_L1B8 BuE.Be 11
arf_LEB8, Bued. B3]
StF_L188, Buwd, B3]
TF_L1AB, Bad B33
AtF_ L1588, Bed 2+ 33
AUF_LERR. el B33
ATF_L1AE fed 2433
ATF_L1BB.Bed. 2411
AUF_LIAE. Bxd. 3]

*vf_LEGE. Pufl, N3G,
wif _LEGE. il Do 6.
ALf_LIRE, Bad B 16,
w1 F_LEREBxd, B 36,
A1F_L TR, Bl Be i,
ATF_L TGN B=d. D36,
s1F_LLED, Bxd. 0436,
sUF_LEGRR. Pl B 16, B

s1F_LEGD, Bl Br3E
atf_L1GE, edl, B4 36
At LTRE, Byl e 36
atf_ A6, Shedl 0 36

JBRIT.E
-Ba17.8
T2
178
B3T3
178
CBaiTg
Ba1T R
H-TRT:
g1
et
B iR 7
LEat: W
Bl 7
BB T
Pxif. 7
18,7
. ekl 7
il 7
A7
il 7

pl_75i Bx1d 0 stf_L LG, Budl, e 36 018, 7
Wedight details for this sclution:

Welpht of salv structure; ['1423.8°%, "1423.8°, "5433.6°, "I423.6°,
[“a192.8%, “4aTEat, “4ITRA%, CHTLET,
g, i,

wWedpht of fromss:
Scales used on frames:

[

Span:
S
e
ET Tl
S
Spar!
St
S
A
span:
pan:
A
s
apan:
span;
SR
apar:
apan:
span:
span:
Apan;
Apan:

Ilsis
18635
§.Esl5
IoBels
18538
1.3
Be3s
.86
1.6235
1. 8835
1.0535
§.0836
18836
1.8636
. 038
1. 86316
1,836
1. 0536
1835
1. B3
1.0635

STRol T
R tatia Ly
Straitunse
Tl Ty
BT e
R T
AL Tt
Lol T
alrailisrs
Virat lare
wihbut ture
Vet Ture
Strut b
wEruy Lure
At ture
strot ture
5 Lt Lo
st ture
strarturs
stracture
st tors

1, 636 1 b e

o,

e,

Ui :
Lypm:
Lypee:
Lyese:
bype:
Lyoe:
type:
by

wat,

3 EOTTON

- EOTTOM
: GENFRAL_TATERMAL WT
= GENESAL TNTESAAL MW

EOTTON
EOT 0N
EOTT0H

&LF.
5 8
72 8
7=
&EF.
&LF-
WEF.

sLF.

Typa: L
typal L
type: L
Typa: |
EOTTOM L
BOTTON 1
EOTTON I
0T TOM i
BOTTOH L
EOTTON I
1

Tyt
i
Tyt
Cypes
sLF. Lype:
sbF. Typal
abf. by

GFMESAL_TNTERAAL_WT
GEMERAL_TNTERMAL_WT
GENEEAIL_INTFRAAL_WT
GEMERAL TNTERLAL WT
GEMFRAL_TNTERMAL_WT
GERERA|_TATERUAL WT
GEMESAL_TNTERMAL WT
GENERAL_TNTESIAL_WT
GENMERAL _TNTERMAL WT

prescure side: po| sigsa vl 12H.
pressure side: p | sigea y1: 128,
pressuie side: p | sipma_yl: 138
prcure sidel p | sigea yl: 128.
proseure side: g | cipgsa_yl: 178
presture side: p | algea_yl: 128,
pressure olde: g | sigma_ yl: 138,
pressure obde p | sigea_yl: 178,
pressure side: g | slpma_yl: 128,
presiure elde: p | slpea_yl: 128,
pressure sldn: g | clpma_yl: 128,
st mypes L pressors side: po|
wtF, typo: 1 while: p |
&EF, Eppu:-l sddez p |
sEF. typo: L pressure side: po|

. types L opreessues sddesp |

. eyl Lo sddey p |
wkF, bype: L opressurs slde: po|
sbF, bype: | opressues sdide: po|
wEF, kype: L opressure side:; po|
sbF, Eypes L pressore side; po|
sbf, Eypus Lopressure side; po|

Sohm oo m W

oo

aipgma_yl:
aipgma yl:
sipwa yl:
sipma_yl:
sipra_yl:
aigma_ylt
Nipgma_ylt
-:_I pra_yii
sipra_yl;
sipra yi;
sipra_yl:

sy
sipma_yd:
sipma_y3:
shpma_yd:
algma y3:
sipwa ya:
iy
Sipwa_y2:
aipgma_yd!
alpma_yid:
hosipwa_y?: 128,56

15,7
15,7
15,7
157
16,7
16,7
15,7
15,7
15,7
15,7
15,7
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11d.8
128.8
1286
128.6
1288
L1385
128.6
9
2.8
128.8

aigma_yd:
nhpma yd:
Alpma_yl:
sipgma_yds
aipma gt
aljgm_yd:
shpgma_yd:
sipma ywl;
sipma_yd:
sipma yd:
sigma_yd:

aigma x: LTT.5
aljgma_x: 177.9
algea_x: 1770.8
shgma_xni 177.8
alpma x:
wlpea_x:
A n
alpgea x:
alfma_x:
alpgma_x:
akpma x:

LTy

5.7
115.7
157
15,7
115.7
115.7
115.7
115.7
115.7
115.7
115.7

g L R | 16 O £ S U T TR B 1 T e . 1 A 1 TR & Al 1. TS
AATEGE, CH1VRLEC, CaRed, 30, CARGELEY, CaRdi, 3t a3t
R L 0 P L |

LT
.
T,

.
{0 8
L.

%

shpma x: sy -

sbgma_x Ly

A x Lawxy

whgm_x Launy

shpme Laiwy
Ly
LAty
Py
Lyt
by
baswy
138,

START 3 |

6.4
.4
A4
&4
B4
B4
0,
A
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Reporting

f? | AMYstructure | ship_section_exampletxt

File Geometry Reporting SESAM interface Help GUI

Geometry Linepi— —— - ——— - ——— - -~ - ——~———————— —— - =
[ Stiffened flat plate - Generate PDF report
Select calcul;; Stiffened flat plate - Generate PDF result table

i Stiffened flat plate - Weight development, plates and beams

ANYstructure documentation.docx - Google Dokumenter

to the selected line. Sets all
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.

ANYSwUCTuie feport generatol =
User: CEFANY —

g S
Tirsa * Fri, 16 Apr 2021 173148 +000K)

-

‘JTirﬂmFTTTETPTWf“'I

L IAparmmangs

s coopl e e, ol
k. mweaton: 25 o sweamr X%

et ]
(At Oy, o2 bals R, 30 A0
S e gL, IV TLIN
T, P 1 5, e, SN 1 YT

AP A 20000

{A_BE, 3R N, 3y Y PR, AL

Horw. g ol sl

i wvaior: L. War svafon. X0 OO0l
AR T SIAD

a_lal, i ByT et oS bl A1, 30 A0

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a
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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

ANYSstructure 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.

I i | AMYstructure |  ship_section_example.tet
SESAM jaterface  Help
g

FEIE_ GEun}et:x REPmth‘g
Example file for ANVstructuf
Input point coordinated.;

R g e e (O TR T e R e g

The result is illustrated next:

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a 40/41
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Baction
FE ﬁﬂa_tlﬂ B D

Changing the GUI

Various GUI modifications can be selected as seen next.

) | AMYstructure |  ship_section_sxampletxt
File Geocretry Reporting SESAM interface  Help %I

Geornetry Line properties Properties tools Compartme - Ip
Colors - Default
Select calculation domain -> Flatplatt ol - Light
Colors - Grey i
Colors - Dark ties
F LS Colors - Unicorn !E'"
b Functional - All items !n_
Plate input Functional - Medelling |
Stiffener/plate length 28000 |

https://docs.google.com/document/d/14kBRo1jSrOhacWEMBpVFNI2X_dO70_kU/edit#heading=h.y10cl7kia80a 41/41



