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[~ Checkto see avaliable shortcuts [~ Show line names in GUI

[~ ShowpointnamesinGUI v Label color code

Static and dynamic accelerations line6

Input point coordinates [mm] [':_m;' Ei0 Static acceleration [m/s~2] 9.81
eam prop. N
Pointx (horzontal) (mml: 00 ¥ Piote e Oyn. scc. loaded [m/=~2] 50 st
Pointy (vertical) [mm}: 00 T Dyn. acc. ballast [m/s~2]; 20
Tnput line from "point number” to "point number” ,': z:z*"‘“":duzp ) 180 W . 80 _ 0 _ 180 180 _ 180 _ 10 _ 0 ize selected line/structure (right click line):
From point number. o Add line - - - - -
I~ Fatioue UF . OPTIMIZE P SPAN
To point number. o I~ Total UF
Delete lines and points (or left/right click and use "Delete key™) N 180’ 140 Combination for line (select line). Change with slider.:
Point number (right click;: [0 Delete point Plate 15.0 mm
late 18.0 tnm 180 140
Structural and calculation properties input below: Plate 20.0 mm ST Ric [m] Name: StstlF DynlF Include?
plihk  webh webthk flw  flthk b 0 T80 ballast_bottom o b7 m
7500 180 120 250.0 140 . 0 loaded_static 3 (0.0 2
[m] [mm]  [mm] [mm] [mm]  [mm]  [mm] 2 L 3 ballast_static 3 (0.0 2
" “‘“ (il [z 8 VEEERE to 0 B0 180 loaded_bottom o 7w
120 240 120 355.0 4 W W
120 140 TankTest =
| deyt seve sigx  tuyl stifenertpe > o I
fiooo [0 foe7 o T — 180 0 180
F 1000 1000 1027 0 J Manual (pressure/LF) 0.0 1.0 2
| § <o checkto color- 180 140
Tr T T T codestresses (o ] ;
R 180 0 180
BOTTOM i |_Show structure types.
Select structure ty 180 140
PULS input (Internal, pressure from comp.) « 2 ety
el | 5P = 2 optimization (RP-C201) [ 180 10180
B for prescriptive buckin:
e prescriptive bucking 150, o |
RISEESEE —I Pressure side (p-plate,s-stf): p o B
e Pressures for this line:
e Toggleselct | Crange 20 20 w0 | w0 . o 180 a0 Lo | w0 (DNV /b [loaded/ballast], tank test, manual)
o e o Int multiple 0 ) ) ) ) ) ) 0 0185 Note that ch. 4.3.7 and 4.3.8 is accounted for.
Continous or Sniped I Scale stresses when changing prop. 180 180 180 180 180 180 18.0 180 DNV a [Pa]: [398986, 231334] DNV b [Pa]: [412197, 211269]
= = - = = = TT [Pa]: [295486] Manual [Pa]: [0.0]
Add structure/properties to line ©.0)
:« missin rmms - new or replace existing - PULS results for line Load factors| Load info
" Ao compartmente: T
Find Plate field span S A IEED Section n rmdnluse_s Wey1: 4.9500E+06 [mm“3], Wey2: 1.9400E-+06 [mm~3]
I tiffener spacing: 750.0 mi ulus: 1.7042E+06 [mm~3:
Plate thickn 18.0 mm
B Stiffener web height: 400.0 mm Shear area: 5.1840E+03 [mm 2]
Tank content - Display current Stiffener web thic 20 I ahcon ren: S A04SEL 0 [mm~2]
3 compartments Stiffener flange width: _ 250.0 mm
Tonkdensty: 0 [kg/may] ————————— Stifener flange thickness: 14.0 mm Plate thickness: 18.0 [mm]
o Y (e Waterial yield: ss0e Minimum plate thickness: 14.7 [mm]
erpressure

Max elevation

5000 ea ST
oo
oo

Acceleration [m/s"2];

Min elevation Delete all tanks

Dynarmic load varible_

Plate fixation pararmter,kpp:

Stf. fixation paramter kps:

1.0
obal stress, iy 1/sia_y2:, 100.0/100.0 MPa

Global stress, sia_>
Global shear, tau_xy:
km1 km2,km3

$rojstoi20

Pressure side (p-plate/s-stf): p

PULS results

‘Applied static/dynamic loads: ballast_bottom

Tasazd static

SniTest

isage factor: 0.8390804597701149
Buckling capacity usage factor: 0.873563218:
Local geom r LS vali its): Ok

2008046

ity B
CSR-Tank requirements (primary stiffeners): Ok
Fatigue results (DNVGL-RP-C203;
Total damage (DFF not included): 0.246 | With DFF = 2.0 --> Damage: 0.493
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Introduction

ANYSstructure 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://qithub.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)

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/O0S/2018-07/DNVGL-0S-C101.pdf
- 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
- PULS (Panel Ultimate Limit State)
-  DNVGL-CG-0128 Buckling



https://github.com/audunarn/ANYstructure/releases
https://sourceforge.net/projects/anystructure/
https://github.com/audunarn/ANYstructure
http://rules.dnvgl.com/docs/pdf/DNVGL/OS/2018-07/DNVGL-OS-C101.pdf
https://rules.dnvgl.com/docs/pdf/DNV/codes/docs/2010-10/RP-C201.pdf
https://rules.dnvgl.com/docs/pdf/DNVGL/CG/2015-10/DNVGL-CG-0128.pdf

Modelling

Modelling is done in upper left corner.

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)

Input point coordinates [mm] Sl DI ETihis |

Point x (horizontal) [nm]:  |0.0 Copy point (relative) |

Pointy (vertical) [mm]: 0.0 Move point (relative) |

Input line from "point number” to "point number”

From point number:; 0 Add line |

To point number: 0
Delete lines and points (or left/right click and use "Delete key")

Line number (left click): 43 Delete line

Foint number (right click): 0 Delete point

Speed up your modelling significantly by using the shortcuts:

CTRL-Z Undo modelling

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.

v Checkto see avaliable shortcuts " Show line names in GUI [~ Show point names in GUI [~ Label color code T (I gEsmE iy T
Colorcoding CTRL-P Copy selected point
CTRL-M Move selected point)
[~ Beam prop. CTRL-Q New line (right click two points)
[~ Plate thi. CTRL-S Assign structure prop. to line
CTRL-A Select all lines (change param)
[~ Pressure CTRL-T Select all structure types (selected)
[~ Buckling UF CTRL-DELETE Delete structure prop. from ling
DELETE Delete active line and/or point
[~ Sec. mod. UF CTRL-E Copy line properties from active line
: CTRL-D Paste line propeties to active line
R T Mouse click left/right - select line/point
[~ Total UF Arrows left/right - previous/next line
Arrows up/down - previous/next point

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.

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”.



q
File Geometry Reporting SESAMinterface Help
[Example il for ANYatructure [y:"che::m See avaliavle shortcuts [~ Showline namesinGUI [~ Show pointnames inGUI [~ Label color code e line6
. ; olor coding — -
TInput point coordinates [mm] e s  oeamorep Acceleration input used in os1
Pointx (horizontal) (mm}: (00 E L D) [~ Piate thk compartment pressure 20 =i
calculations accelerations
Pointy (vertical) [mm 0o T D) I~ Pressure 50
ey e I~ Buckling UF Y
Input line from "point number” to "point number” I~ Sec mod UF § Define structure properties _ g x Kiinex
From poi o - ) ) SPAN
Define plate and stiffener properties. Load -- Define structure properties here -- _I
file of sections. Construct a plate/stiffener. —
ca L 1 1 1
in Delete line | Delete prop. Shifleneqtypes T L b1 4 M b1 g L b1 4
— WAL A/ n K A/ 0
Poi er (fght cic Delete point Spacing 7500 [mm] f L
=l - o T
i es i 3 3 180 h o5 D
Structural and edfculation properties input below: Plate th. [mm] W T L h w o) o fome uc
E span s plthk webh webthk fLw  flthk Web height @000 [mm] W %{i 2 L 2
F % 7 700 [180 [0 [0 00 [0 | . . k4 00 7
nput used in buckling Z E
fom]{zonl (ool ] f"“:‘; [;“m] - ! Web thi. 120 [mm] 2 vz o 2 A W
— s m - Yield [MPa] Mat. factar Hl
P p  kpr kml o km2 S Flange width 2500 [mm] —— b
o [0 [20 Rao 20 Psso s | - o T
% atigue properties for Flange thk. 140 [mm]  Existing sections: ion B
G| syt sigy2 sigx  tuyl stffenertype - - b 3 = e n =
plate/stiffener interface J 0. 2
00 foo 27 o T~ calculations; Plate: 750.0x18.0 T
FLS Web: 400.0x12.0
R m [ [ [ | e Flange: 250.0x14.0
Select sructure type: ____BOTOM | Show scture ypes |
PULS mput (internal, plessure from comp.)
Sifer E =
- e Chal:\ge > in
PO multiple lines a once
T
1)
s w— = 11 b
mutiple | _parameter < =
Com ins — — a — (412197, 211269]
hanging prop.  up 05 fdown[1 Je—|  Stress scaling when changing | S -
Use PULS Add s /properties to line properties | .
results — new or replace existing - Girder length (Lg) 0 ﬂ Load info
SE
L] JiFind dompartments External pressures Srme
750.0 mm
18.0m
Display current L
Ea When input is done press
flg/mn3] this to apply to line
- Set v
(=) properties. = Torzontal
10
Delete all tanks S ST Applied static/dynamic loads:
102.7 1Pa

12.0/24.0/12.0

& results (DNVGL-RP-C203):
e (p-plate/s-stf): p e (DFF not

amag tincluded): 0.246 | With DFF = 2.0 --> Damage: 0.493

By default z* is ticked. This affects the buckling results and will generally give

lower utilization than using z* = 0. See description below.

z is the distance from the neutral axis of the effective section
to the working point of the axial force. z° may be varied in
order to optimise the resistance. z_ should then be selected so
the maximum utilisation found from the equations (7.50) to
(7.53) or (7.54) to (7.57) is at its minimum, see also
Commentary Chapter 10. The value of z' is taken positive
towards the plate. The simplification z_ = 0 is always
allowed.

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).



Structural and calculation properties input below:
pl_thk  web_h  web_thk fl_w fl_thk

1 span s
I= 24 200.0 20,0 200.0 15.0 0.0 0.0

I [m] [mm]  [mm]  [mm]  [mm]  [mm]  [mm]

kpp kps km1 km2 k3 Yield [MPa] Mat. factor

1.0 1.0 120 240 120 355.0 115

sig_y1 sigy2  sigx tau_yl  stiffenertype

100 100 1800 40 H =

F LS <-- check to color-

a r r r r code stresses
sh tructs
Select structure type: FRAME =] ‘ ow structure types |
PULS input (Internal, pressure from comp.)

Siffened: SP Unstf, pl.: UP up  —s|I" [ssss  z* optimization (RP-C201) [
UP sup.leftright.upper lower for prescriptive buckling

puULS b in calculations
acceptance ckling )
Pressure side (p-plate, s-stf.): p

PULS utilization facter: 0.87
Int-integrated GL-free left Toggle select | Change multi.
Jright GT-free top/bottom  GL — rgngultiple parangtEr -

SarErs o sl Scale stresses when
™ ™ changing prop.  fup|0.5 fdown 1

C —
PULS result Run PULS Add structure/properties to line
overrideset | get missing results -- new or replace existing —-

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 to the
formula:
T

m) * oldStress

new Stress = (

« f=0.0-> stress does not depend on local thickness change.
« f = 1.0 -> stress is 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 is by default. The general idea is that it is conservative
to accept lower stress reduction when increasing thicknesses.

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.

hwnh =



Structural and calculation properties input below:

span
4

[m]
kpp
1

sig_y1
80

-

FLS

Select structure type:

PULS input

g pl_thk web_h  web_thk fl_w fl_thk
750 18 A00 12 150 20
[mm] [mm] [mm] [mm]  [mm]  [mm]
kps km1 km2 k3 Yield [MPa]:

1 12 24 12 355

sig_y2  sigx tau_yl  stiffener type

90 40 5 T

<-- check to color-
[ [ [ [ code stresses

GENERAL_INTERNAL WT =~ — | Show structure types

(Internal, pressure from comp.)

Siffened: SP Unstf. pl.: UP 5p — z¥F I:Iptil'l'lizatil;ll'l (RP-C_EDI] v
UP sup.leftright.upperlower for prescriptive buckling
i . calculations
PULS acceptance ultimate .
Pressure side (p-plate, s-stf.): p —
PULS utilization factor: 0.87
Int-integrated GL-free left Toggle select | Change multi,
[right GT-free top/bottom Int — r‘nultiple parameter -
Continous or Sniped C —i
| Scale stresses when changing prop.
Use PULS Run PULS Add structure/properties to line
results get missing results -- new or replace existing --

Display properties

If you click a line properties is displayed in the window below as seen next.



L g L Lo L gy Lo L [EIN L) Loz [EIEEATE I.P..r_.r.ll I.Pu.llr_

(441 o) Z21
Ly 13

LpE:

([]1[]} 1.3 1.4 15 1.6 .7 1.8 Line 9 110 111
EL?I;EHF::J:;:;:IQ' Bj:%DmDEt;rni SELECTED: Ii"Eg Applied compartments: Compartment 4
Plate thickness: 18.0 mm
Stiffener web height: 400.0 mm
Stiffener web thickness: 12,0 mm
Stiffener flange width: 200.0 mm
Stiffener flange thickness: 18.0 mm
Material yield: 255.0 MPa
Structure type/stiffener type: BOTTOM/T
Dynamic load varible_ » - horizental

Plate fixation paramter,kpp: 1.0
Stf. fixation paramterkps: 1.0
Global stress, sig_y1/sig_y2: 100.0/100.0 MPa

Glabal stress, sig_x: 100.7 MPa Applied statie/dynamic loads: ballast_bottom
Global shear, tau_xy: 5.0 MPa lnaded_static
km1ikm2 km3: 12.0/24.0/12.0 I-I:?-!I::L L:l:lll:l

Pressure side [p-plate/s-stf): p Ns ballast

Also it is recommended to use color coding to review your input.

Define tanks

Tanks are searched for when clicking “Find compartments”. Non watertight
structure are ignored. For information on structure types click “Show structure

types”.

By default tank content density is set to 0.

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



)| Find compartments

é EHEmHmumm%

2

3 Tank content : frech water — | Display current
1 compartments
5 Tank density : |'|'DD|]| [kg/m~2]

OvErpressure : IM [Pa] SElpc:;:ep:i::s"tent

Max elevation : |3’D.9

Min elevation : |F_'.5 Delete all tanks

Accelerations [m/s"~2]:
static: 9.81 , dynamic loaded: 3.0 , dynamic ballast: 3.0

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.

A, Figure 1

AEI A=V B
Compartments returned from search operation displayed below

Comp5 Approx. area: 29.4
Comp4 Approx. area: 152.0
Comp3 Approx. area: 631.1
Comp2 Approx. area: 332.8
External

Not searched

BHD/Deck

*area calculation inaccuracies due to thickness of barriers (BHD/Deck)

10
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Setting accelerations

Accelerations applies to tank content. | is set in the upper right corner as seen next.

- O ot

Static and dynamic accelerations linel10

Static acceleration [m/s™2]: 4.81

Dyn. acc. loaded [mfs5~2]: 3.0 Set
accelerations
30

Oyn. acc. ballast [m/s"2]:

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.
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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.

# Load properties - O X

1. Dynamic loads 2. Static loads 3. Slamming pressure
Define dynamic loads as an polynominal curve.

Hyd tatic loads defined by draft.
Can be third degree, second degree, linear or constant ydrostatic loads defined by dra

Load name:  |slamming

Press this to:

. Pressure [Pa]: (0.0
Input load name: loadd Define name of static load staticD Create static load Pal Save load
close the load

Plate multiplier, Ppl 10
» 0.0 00
Trresepe b e — Stiffener multiplier, Pst: 1.0

Second degres poly [x*2] 0o Select load condition: =

First degree poly [x]

0.0
Select aload in "3" to and then choose lines to apply to load
CusiapiiEl 00 (select by clicking lines). Alterntively define manually ------> j
Load condition j
Limit state ws — Moucs reaht citcic clear o sctoction”

Shift key press: add selected line
Control key press: remove selected line

3. Created loads are seen below
(scroll if not all is shown.)
DOUBLE CLICK load to see assosiated lines.:

Select to see assosiated lines:

static_22m ~
slamming0bar

loaded bbside top | v
loaded_side_shell
loaded_above_wl
ballast_bbside_top
ballast_side_shell

ballast_sbove wi >
static_15m

static_8m_tt

ballast_bottom
loaded_bottom_back
loaded_bottom
ballast_bottom_back n
FLS ballsst_bottom

150 ne151 ine1S2 inels3 ine154 nf155 ne156 linelS7 ne1S inelS9 inels0 inf161 ine162 ine163ingi64ine165ine165 ine145  [net4s
line neig

inet

ling line13e line13; line141
line169 lin
lin line13: line134 line134as
Delete selected load et e

line line13: liness line10d

liness) neg1 lineg7| linet

lingg: ineso| inegs] ine1

lings: linez9} linegs linel

ling? lines: lineg4] linel

11
27 k26 k2o lif30 i3t ka2 k03 i34 i35 life36 k37 irk3s k39 linf<0 infet \inrdz ln<3 2‘.\44 ind71_

$4hes  fne13 fne6 fine7 Ine8 ineS Ine10 fnetl fnet2 lned fnetd inetS finel6 lnet? ine1d inel9 ne20 line21 inedhel6anes:

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
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Load combinations

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

1. According to DNVGL-0S-C101

2. Highest pressure are chosen w.r.t. tank filling.

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

include.

Combination for line (select line). Change with slider.:

05-C101 Table 1 1: DNV a) 2 DNV b) 3: TankTest
1

MNamea: Stat LF Drym LF Divchuscha?
ballast_bottom 0.0 0.7 I~
loaded_static 1.3 0.0 v
ballast_static 1.3 0.0 ™
loaded_bottom 0.0 0.7 7
Compartment4 1.2 0.7 I~
Manual (pressure/LF) 0.0 1.0 I~

Pressures for this line:
(DMNV a/b [loaded/ballast], tank test, manual)

Mote that ch. 4.3.7 and 4.3.8 is accounted for.

DMV a [Pa]: [462698, 248632] DMV b [Pa]: [S46435, 248430]

TT [Pa]: [3235707] 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.

05-C101 Table 1 1:DNVa) 2:DMVb) 3: TankTest
1

L

ame: Stat LF Dyn LF Include?
static_22m 13 0 W
static_15m 1.3 0 v
static_8m_tt o 0 r
loaded_bottom 0 0.7 I
ballast_battom 0 07 ]
Compartment2 1.2 0.7 W
Manual (pressure/LF) 0 1 v

Pressures for this line:
DNV a/b [loaded/ballast], tank test, manual)
ote that ch. 4.3.7 and 4.3.8 is accounted for.

DNV a [Pa]: [3259265, 229422] DNV b [Pa]: [298631, 212755]
TT [Pal: [266326] Enual [Pa]
Load facors Load info
{
§ Load factor modifications here. - [} X

Static and dynamic load factors is specified here

Note that DNV is used as reference, but the load factors can be any other rule set such as 150.

Condition a) - Static load factor "unknown loads" 13
Condition a) - Static load factor well defined loads 12
Condition a) - Dynamic load factor 07
Condition b) - Static load factor "unknown loads” 1
Condition b) - Static load factor well defined loads 1
Condition b) - Dynamic load factor 13
Tank test) - Static load factor "unknown loads” 1
Tank test) - Static load factor well defined loads 1
Tank test) - Dynamic load factor 0

ctors and change existing

Table 1 Load factors ¢ for ULS

Combination of Load categories

design loads G 0 3 5]
a) 1.3 1.3 0.7 1.0
b} 1.0 1.0 1.3 1.0

Load categories are:

G = permanent load

Q = variable functional load

E = environmental load

D = deformation load

For description of load categories see Sec.2.

4.4.2 When permanent loads (G) and variable functional loads (Q) are well defined, e.g. hydrostatic
pressure, a load factor of 1.2 may be used in combination a) for these load categories.

4.4.3 If aload factor ¥ = 1.0 on G and Q loads in combination a) results in higher design load effect, the
load factor of 1.0 shall be used.

4.4.4 Based on a safety assessment considering the risk for both human life and the environment, the load
factor » for environmental loads may be reduced to 1.15 in combination b) if the structure is unmanned
during extreme environmental conditions.
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PULS integration

ANYstructure can use PULS software to calculate buckling. PULS is a licensed DNV software.
Consequently, PULS integration will not work if you do not have the license. Specifically
ANYstructure uses the PULS Excel sheet to calculate. Macros must be enabled for the sheet.
The sheet may require a 32 bit version of Microsoft Office. Using PULS is activated by clicking
the button seen next. When running a line for the first time, you will be asked to provide the
location of the PULS excel sheet. The sheet should be empty and macros should be enabled.

|I"-ln information on project provided. Input here.

Input point coordinates [mm] e e

Paoint x (horizontal) [mm]: 0.0 Copy point (relative)
Paointy (vertical) [mm]: 0.0

Move point {relative)

Input line from “point number” to "point number”

From point number: 0 Add line

L

To point number: 0
Delete lines and points (or left/right click and use "Delete key™)

Line number (left click): 0 Delete line | Delete prop.

Point number (right click): 0 Delete point |

Structural and calculation properties input below:

span 1 pl_thk  web_h  web_thk fl_w fl_thk
4 750 18 400 12 150 20
[m] [mm]  [mm] [mm] [mm] [mm] [mm]

kpp kps k1 km2 k3 ield [MPa]:

1 1 12 24 12 353

sig_y1 sig_yd  sigx tau_yl  stiffener type

90 90 40 5 T -

F LS «<-- check to color-

I I I I [ code stresses

Select structure type: GEMERAL_INTERNAL WT ‘ Show structure types

PULS input (Internal, pressure from comp.)
Siffened: SP Unstf. pl.: UP P — =% u:uptirnizatic_un (RP-C?DI] 5
UP sup.leftrightupperlower for prescriptive buckling

. calculations
PULS acceptance ultimate .
Pressure side (p-plate, s-stf.): p

PULS utilization factor: 0.87
Int-integrated GL-fre= left Toggle select | Change multi.
[right GT-free top/bottom Int — multiple parameter =
Centineus or Sniped C =
| Scale stresses when changing prop.

Run PULS
get missing results

Add structure fproperties to line
-- new or replace existing -

Use PULS
res &
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PULS parameters are set for each line.
1. Stiffened panel (SP) or unstiffened plate (UP).
a. If UP is chosen you can specify the boundary conditions. The conditions consist
of four letters, representing left side, right side, top and bottom (in this order). ‘S’
means simply supported and ‘C’ means Clamped. ‘SSSS’ is conseqgeuntly all
simply supported and for example ‘SSCC'’ is simply supported sides with
clamped top and bottom.
2. Integrated (Int) or girder panels (GL/GT)
Continuous or Sniped stiffener
4. Ultimate or buckling acceptance. In general ultimate acceptance is more representative
for larger plate fields where loads can be redistributed. Reference is made to DNV
standards.

w

For theory check out PULS manual and/or Part 1, chapter 8 of the IACS Common structural
rules for bulk carriers and oil tankers:

https://iacs.org.uk/publications/common-structural-rules/csr-for-bulk-carriers-and-oil-tankers/

Detailed PULS results can be viewed by selecting a line a pressing the “PULS results for line”
button:


https://iacs.org.uk/publications/common-structural-rules/csr-for-bulk-carriers-and-oil-tankers/

E? | ANYstructure | ship_section_sxamplefxt

Identification : line8

Plate geometry
Length of panel : 3500.0 mm
Stiffener spacing : 750.0 mm
Flate thick. : 15.0 mm

Primary stiffeners
Humber of stiffeners : 10.0
Stiffener type @ T-kar
Stiffener boundary : Cont
Stiff. Height : 400.0 mm

Web thick. : 12.0 mm
Flange width : 250.0 mm
Flange thick. : 12.0 mm
Flange ecc. : 0.0 mm

Tilt angle : 0.0 degrees

Secondary stiffeners
Number of sec. stiffeners : 0.0
Secondary stiffener type : Flatbar
Stiffener boundary : 55
Stiff. Height : 0.0 mm

Web thick. @ 0.0 mm
Flange width : 0.0 mm
Flange thick. : 0.0 mm

Model imperfections

Imp. lewvel : Defaultc
Flate : 3.75 mm
Sciffener @ 3.5 mm
Stiffener tilt : 3.5 mm

Material
Modulus of elasticity : 210000.0 MPa
Poisson's ratio : 0.3

Yield stress plate : 355.0 MPa
Yield stress stiffener : 355.0 MPa
Aluminium prop

HAZ patternm : -

HAZ red. factor : -

Applied loads

Bxial stress : 102.0 MPa
Trans. stress :@: 100.0 MPa
Trans. stress 2 : 100.0 MPa
Shear stress : 5.0 MPa
Pressure (fixed) : 0.438508 MPa
Bound cond.

In-plane support @ Integrated
Global elastic buckling

Axial stress : 36T7.0 MPa
Trans. Stress : 362.0 MPa
Trans. stress : 362.0 MPa
Shear stress : 18.0 HMPa

Local elastic buckling

Axial stress : 134.0 MPa
Trans. Stress : 132.0 MPa
Trans. stress : 132.0 MPa
Shear stress : 7.0 MPa
Ultimate capacity

Actual usage Factor : 0.73
Allowakle usage factor : 1.0
Status : Ck

Failure modes

FPlate buckling : 37.0 %

17



Reviewing data

Color coding

All color coding options are indicated next.

¢ | ANYstructure |
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ship_section_example.it - o x
File Geometry Reporting SESAMinterface Help
Exarmpie e for ANYsracture [~ Checkto see avaliable shorcuts [~ ShowlinenamesinGUI [ ShowpointnamesinGUI [~ Label color code [ Use shifed coordinates Static and dynamic accelerations line26
Calorcoding
Tnput point coordinats . Static acceleration [m/s~2] bai
nput point coordinates [mm] Add point (coords) e [m/sn2]
Pointx(horizontal) [mmj: |00 Copy point (relative) I~ Plate ink O sec oaded (/2] o ferati
Pointy (verical) [mm} 00 e T I~ Pressure Dyn. acc. ballast [m/s~2]: 50
e | e (14.0,309) B _ o
Input line from "point number"” to "point number™ T B T T i R i TR 7 R Optimize selected line/structure (right click line):
5 - Fatigue UF
From point number. Add line Ll OPTIMIZE .- Multiopt B2
To pointnumber. o
Delete lines and points (or left/right click and use "Delete key") ptq3 ptit {5 EemlrsTo (o (P (ea ==t ). @y ot Al
Line number (eft cick): i Deleteline | Delete prop. ‘Gf'm‘ 50 BRI BELY Sl
Point numper (rghtclick): |51
Delete point o s (|
Structural and calculation properties input below: Lot gaie |l R Satlf Dynlf Include?
span plthk  webh web_thk flLw fil_thk Compartment2 12 o7 I
34 180 [300 [120 [1500 |00 ptql pt.56 Compartment3 12 7 7
[ S s B R S R R
p  kps  kmi  km2 k3 Yield [MPa] Mat. factor Comm et (e ) oo I 4
o [o [0 a0 [0 fsso  fus L LS 20 TRV g
sigyl  sgy?  sigx  tauyl stffenertype
00 [00 [0 [0 T ptfo pse
FLS| ————
o8 pi59
Select structure type: _ GENERALINTERNAL WT  —i | Show structure types
PULS input (tnternal, pressure from comp.) 7 2
sz ErEea e ([T = ) =* optimization (RP-C201) —
UP supleferightupperover for bucking TankTest (m]
e [= calulations
PULS acceptance [ P, 5 3 p13  pti4  ptfs  pids  pid7  pLiB  pt19  pi2g
PULS utiization factor: 067 Ty e —
T Toggle select | Changermut ot ot ot ot ot ot ot ot ot P10 (DNV /b [loaded/ballast], tank test, manual)
Iight GT-free top/bortom It — e | Cramerer Note that ch. 4.3.7 and 4.3.8 is accounted for.
o oSt  Swlesesseswben o DNV a [Pal: [267214, 234714] DNV b [Pal: [264473, 231973]
aErvoEEE o 7 [Pal: [150985] Manus! [Pal: [0.0]
PULS result Add structura/properties to line
override set Eetm\sxmg . G Eree A - PULS results for line Load factors| Load info
e oE o e o s
TP .8600E+06 [mm“3]. Wey2: 1.3100E+06 [mm~3]
Ind compartments @F’”m’ pressures bl 34 meters Winimum section modulus: 3.3898E+05 [mm~3
. Plate thickness: 0 mm
. nost Shear area: 4.2960E+03 [mm~2]
Stiffener web height:  320.0 mm "
2 Tank content : e m—r Stiffener web thickness:  12.0 ST e e LR ()
Stiffener flange width:  150.0 mm
Compartments Stifener flange thickness: __20.0 Plate thickness: 18.0 [mm]
Tank density : 0 [ka/m~3] Material yield: 355.0 MPa Minimum plate thickness: 11.2 [mm]
Set compa pe:  GENERAL_INTERNAL_WT/T
Overpressure : (25000 [pal ; = - PULS results
I R N]”[‘f Ultimate capacity usage factor: 0.7241379310344828
TEmamEi 0o TS SHF. Fation paramter oo Buckling capacity usage factor: 0.8045977011494252
i elevation o Delete all tan S e sa e, ED 01300 v Avplied static/dynamic losds: Local geom req (PULS validity limits):
Global stress, sig_x CSR-Tank requirements (primary stiffeners): Ok
Acceleration [m/s"2]: G\nba\shear, o B . ey X
igue results (DNVGL-RP-C203):
kmt kmz, orsorizo "
e s e TCHICEE R SIS
Shift coordinate labeling: x - 5000 - 0

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 lower left corner and check “Use shifted

coordinates” to activate.



Erample i for ANYGtrucure

Input point coordinates [mm] dd point (coords)
Pointx (horizontal) [mm]: (00

oo

Copy point (relative)

Move point] Mov

Input line from "point number” to "point number

Add line
Delete lines and points (or left/right click and use "Delete key™)

Delete line | Delete prop.
Delete point

Structural and calculation properties input below:

Pointy (vertical) [mm}:

From point number. 51
To point number o

Line number (ft click): %

Point number (ightclick), (51

span = [ plthk  webh webthk flw  flthk
S T o
m] [mm] [mm] [mm] [mm] [mm] [mm]
o kps  kml  km2 k3 Yield [MPa] Mat. factor
<Z2 o [ [ o o e [
d 5 52 o o o
190.0 90.0 140.0 5.0 T
ELS| ™7 07 I T L e

Select structure type: _ GENERALINTERNAL WT  — | Show structure types

PULS input
Siffaned: SP Unstf pl: UP

(1nternal, pressure from comp.)

s —|r 2* optimization (RP-C201)
UP sup.lekightupperiover for buckling &
= = calculations
PULS scceptance Ene
i Pressure side (p-plate, s-sti): p —i
PULS uilizston factor:  |0.67

P——— gt | Chnge s
s e | e = | |
=
g oron

Continous or Sniped

= Run PULS.
override: get missing results

fup 05 fdown|1

Add structure/properties to line
-~ new or replace existing -

[~ Checkto see avaliable shortcuts [~ ShowlinenamesinGUI [ ShowpointnamesinGUI [~ Label color code.

Static and dynamic accelerations line26
(I:_"'::“':‘:ig Static acceleration [m/s~2]: 81
I Plate thk Oyn. acc. loaded [m/z"2]: m Set
accelerations
I~ Pressure Oyn. ace. ballast [m/s~2]s 50
I~ Buckiing UF B . . (140,309 o
I Sec. mod. UF pta7 ptas ptag pldd " pts0  pt.51 pt52  pis3  pbd pds et ""“/5"“‘:‘““’ G tdeay
Fatigue UF.
[y OPTIMIZE SPAN
2 e 5t Combination for line (select line). Change with slider.:
05-Ci01 Table 1 1:DNVe) 2:DNVE) 3 TonkTest
1
o aise i wf an
loodeE szl Name: Sutle Dynle Include?
Compartment2 iz p7 ®
gL R Compartment3 12 o7
L Manual (pressure/LF) oo 0 @
otdo pts7 ;
ballast statc [m]
s s
pis pso & s
P ofs pls
A TonkTest [m]
pfe 13 p1a s pids a7 piie 1o p2o pfi pfe
) 9 7.00) (4 ™ ) (1 Pressures for this line:
s ot [ L pp o P {0 (DNV a/b [loaded/ballast], tank test, manual)

Note that ch. 4.3.7 and 4.3.8 is accounted for.
DNV a [Pa: [267214, 234714] DNV b [Pa]: [264473, 231973]
T [pal: [190985] Manual [Pal: [0.0]

PULS results for line Load factors| Load info

'. Find compartments

Ef Jpeematpresares

; Tank content = Display current
= compartments.
* Tank density ;[0 [ka/m~3]
Set compartment
Overpressure :  [25000 [Pl i
Max elevation
Delete all tanks
Vi elevation : 00 _ocleteaiitanis_|
Acceleration [m/s~2]:

Loads

Pressure magnitude can be reviewed by using color coding. The highest total pressure used in

calculations is shown.

[~ Checkto see avaliable shoricuts [~ Show line names in GUI

Color coding
[ Beam prop.
[~ Plate thk
[v Pressure
[ Buckling UF

32500

32500

SELECTED: line26 “Applied compartments: ‘Compartment2

Comparimant 3

Plate feld span: 3.4 meters
Stiffener spacing 750.0 mm
thickn 5.0 mm

Stifener web height: 5320.0 mm
Stifener web thickness: 12,0 mm
Stiffener flange width: 500 mm
Stiffener flange thickness: 200

d .0 MPa

Dynamic load varible;
Plate fixation paramter,kpp:
SH. fixation paramter,
Global stress, sig_y1/sig_y2: 90 /50,0 WP
“00

"

Applied static/dynamic loads:

Tromsonzo
Fressure Sde (p-plte/s-st)s b

[ Show point names in GUI

32500 32500 32500 32500 32500 32500

Section moduluses: Wey:

.8600E+06 [mm"l]. Wey2: 1.3100E+06 [mm~3]
Minimum section modulu:

8.3898E+05 [mm~3]

Shear area: 4.2960E+03 [mm 2]
Thcnr avem: LoS0E 0 [mm~2]

Plate thickness: 18.0 [mm]

linimum plate thickness: 11.2 [mm]
PULS results
Uttimate cap

Imge fackor: 072813703 t3a0mn
045977011494252

Local geom rea (PULS va

CSR-Tank requirements. (wvmarv snrreners7

Fatigue results (DNVGL-RP-C203):

Total damage: NO RESULTS

ok

¥ Label color code

32500 32500

[~ Sec. mod. UF
[~ Fatigue UF
[~ Total UF

0.0 Pa
55721.4 Pa
111442.8 Pa
167164.2 Pa

300045.8 Pa
2457712 Pa
501492.6 Pa

387068

USBTRNAPE e

267214

o)
303662

375 554

14

250 1

251468 193177

ballast_static [m]

200313 211038

I ]

343157 243226

]

393657 203486

T [N T ETE=E I
436313 436313 436313 | 436313 436313 436313 436313 436313 0 0
47)260 b 557
412610 | 406561 | 406575 | 412197 | 4zzoms | 4zssos | asosze | asment | saiane
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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.

# | ANYVstructure| ship_section_example.bct - O >

Load results for linesd

Loads for condition: loaded - dnwva
static with acceleration: 9.81 is:
1#%1.3%221215.5 = 287580.2
dynamic with acceleration: 3.0 is:
1%0.7*%181077.2 = 126754.1

REESUOLT: 2875380.2 + 12675494 = 414334.2

58]

Loads for condition: ballast - dnwva
dynamic with acceleration: 3.0 is:
1#*0,.7*57425.2 = 40197.6
static with acceleration: 9.81 is:
1%#1.3%150828.8 = 196077.4

comp4 — static: 1*1.2%310707.22500000003 + 25000.0%1.3 = 405348.67000000004
comp4 — dynamic: 1*0.,7%53017.50000000001 + 25000.0%0 = 665312.25

BRESULT: 40157.6 + 196077 = 236275.0
Loads for condition: loaded - dnvb
static with acceleration: 9.81 is:
1#1.0%221215.5 = 221215.5
dynamic with acceleration: 3.0 is:
1#1.2%181077.2 = 2172%92.7

Loads for condition: ballast - dnvb
dynamic with acceleration: 3.0 is:
1#1.2%57425.2 = &8910.2
static with acceleration: 9.81 is:
1#1.0*%150828.8 = 150828.8

compd - static: 1%1.0%310707.22500000003 + 25000.0%1.3 = 343207.22500000003
comp4d — dynamic: 1%1.3%855017.50000000001 + 25000.0%0 = 123522.73000000003

Tank test for: t©

1 * 1.0 % 40221.0 + 0 = 4022
Tank test for: comp4d

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

g.0 * 1.0 % 1 =0.0

=



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

[~ Checkto see avaliable shortcuts [~ Show line names in GUI

Color coding

[~ Beam prop.
[v Plate thk.

[~ Pressure

[~ Buckling UF
[~ Sec. mod. UF
[~ Fatigue UF
[~ Total UF

Plate 14.0 mm
Plate 15.0 mm
Platz 186.0 mm

Plats 18.0 i

18.0 18.0

[~ Show point names in GUI

v Label color code

loaded_static [m]

ballast_static [m]

18.0
i >

18.0

18.0
: £

TankTest [m]

200 200

(0.0)

L 0 0
18.0 18.0

200 180 _ 180 _ 180 _ 180 _ 12,
0 0 0 0 0
18.0 18.0 18.0 180 18.0 18!

Global stresses (buckling) and structure types

D =

0

Stresses used in buckling calculations can be reviewed by checking as illustrated next.
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[~ Checkto see avaliable shortcuts [~ Show line names in GUI [ Show point names in GUI v Label color code
Color coding
[~ Beam prop.
[~ Plate thk.
[~ Pressure
[ Buckiing UF L 0 00 00 TO0 700 00 700 700 _ 700 70.0
[~ Sec. mod. UF J}
[~ Fatigue UF & .0 i (g
[~ Total UF ?0.0’ 70.0
40.0 MPa J}
45.0 MPn 0 @0 1400
.. lzizE el
70.0 WPra
76.0 MPa iy Iy
82.0 MPa 0 @0 1joo
28.0 MPa 40
94.0 MPa ?O'O) 0.0 ballast_static [m]
100.0 WPa 0 : R T
70.0 70.0
?
0 a0.0 190.0
70.0 70.0
0 80.0 1p0.0
70.0
N (S USSR, (g1 || N ilantI==HI
90.0 90.0 90.0 90.0 90.0 90.0
£0.0 30,0 30.0 30.0 30.0 0.0 0.0
100.0 100.0 100.0 100.0 100.0 100.0
(0.0)

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.

Section modulus not ok
Buckling not ok

All results ok

Section moduluses: Wey1l: 4.2400E+06 [mm~ 3], Wey2: 1.4700E+06 [mm~3]
Section moduluses: Weyl: 4.6300E+06 [mm~3], Wey2: 1.7500E+06 [mm~3] Minimum section modulus: 2.0739E+06 [mm~ 3]
ini section dul 1.7163E+06 [mm~3]

Shear area: 4.6560E+03 [mm~2]
Shear area: 5.1600E+03 [mm~2] Minimum shear area: 4.1297E+03 [mm~ 2]
Minimum shear area: 3.5296E+03 [mm~2]
Plate thickness: 18.0 [mm]
Plate thickness: 18.0 [mm] Minimum plate thickness: 15.8 [mm]
Minimum plate thickness: 15.1 [mm]
Buckling results DNV-RP-C201 (z* optimized):
Buckling results DNV-RP-C201 (z* optimized): leqg 7.19: 0.9 |eq 7.50: 1.39 |eq 7.51: 0.35 |7.52: 0.81|eq 7.53: 0.73 |z*: 0.13
leq 7.19: 0.88 |eq 7.50: 0.92 |eq 7.51: -0.19 |7.52: 0.6|eq 7.53: 0.92 |z*: 0.12
Fatigue results (DNVGL-RP-C203):
Fatigue results (DNVGL-RP-C203): Total damage (DFF not included): 0.058 | With DFF = 2.0 --> Damage: 0.117
Total damage: NO RESULTS

A combined utilization can be reviewed using color coding.
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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 OPTIMILZATION!

anysmart —

algarith information | lterate predefiened stiffeners

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. A open file window will open when running
the optimization.

== Structural optimizer -- Return and replace initial structure with optimized
Iterate predefiened stiffeners |
Spacing [mm] Plate thk. [mm]  Wab height [mm] Web thk. [mm]  Flange width [mm] Flange thk. [mm]

Upper bounds [mm] 830.0 25.0 600.0 350 300.0 40.0

RUN OPTIMIZATION!
Iteration delta [mm] 50.0 20 50.0 20 50.0 2.0
Lower bounds [mm] 630.0 10,0 400.0 150 100.0 20.0

Estimated running time for algorithm: 7 seconds
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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 searched. 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 speed up the calculations, but if you want to

see the full distribution of the various checks this must be unchecked.

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

Check for buckling (PULS) -
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If you press the “show calculated” button, you will get an overview of how many
is ok and how many failed (and what criteria first failed). One “occurence” is a

one checked plate/stiffener combination.

Return and replace initial structure with optimized Open

Jht [mm] Web thi. [mm]  Flange width [mm] Flange thk. [mm] (cpus)

—— RUN OPTIMIZATION!

15.0 [100.0 0.0
%) Figure 1 .
H |
Check fail type or OK Number of occurences "
Buckling 24821
Check OK 39292
Fatigue 2063 M
) Local stiffener buckling 4224
Tl
L
Buckling
“al
b
Local stiffener buckling
Fatigue B
Check OK
E
.‘.l (-l -)l Ql "=_:| | x=0.00166363 y=0.0400753
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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

Multiple optimization

§ Optimize structure - o X

== Structural optimizer for multiple selections --

Spacing [mm]  Plate thk. [mm]  Web height [mm] Web thk. [mm]  Flange width [mm] Flange thic. [mm]

Return and replace with selected optimized structure

Open predefined stiffeners example

algorithm information

Processes
Upper bounds [mm] 200 25 500 7] 250 e e et | e
n
Iteration delta [mm] 00 20 500 20 500 20 anysmart i ‘
|
Lower bounds [mm] 600 0 300 0 50 0
[V Check to harmonize results. Same stiffener and plate dimensions.
Estimated running time for algorithm: 0 seconds (defined by largest in opt).
- < Pl.: 750.0x15.0 StF: 400.0x18.0+150.0x20.0
- + 600.0x14.0 SH.: 350.0%12.0+150.0x10.0
Weight (per Lg width): 7259
ne?
neg tnet)
4
~
~
Check for buckling (RP-C201) 7
““““ — — Check for fatigue (RP-C203) I
net line; line: lned| Check for bow slamming r
~
am ne1 ine2 ned Check for local stf, buckling

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.

a » 0B

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 is

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
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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 is explained in the single optimization chapter.

When showing calculated you must have selected a line (middle click).

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: None —i |
RUM OPTIMIZATION! Show previous
Select panel to plot: MNone —i results

anysmart — ‘

show calculated |

algorith information | lterate predefiened stiffeners

¢
-- Plate field span optimizer for plate fields separated by frames. -- Open predefined stiffeners example
Spacing [mm]  Plate thi. [men] Wb thic. [mm] Flange thk. [rrm]
Select number of panelsi  pgne 4‘
Upper bounds [mm] 80 s 500 2 230 30 RUN OPTIMIZATION! Show previous
Eos Select panel to plot: None —i remulte
Iteration delta [mm] 500 20 500 20 500 20 (cpus) D =)
in show calculated
Lower bounds [mm] &0 o 300 10 e 10 algorith mfuvma(mn‘ Iterate predefiened stiffeners

Estimated running time for algorithm not calculated.

ot. pt.10
)
ned tnet0
4 Frame (girder data) for weight calculation:
2 Girder thickness 0018
v Stiffener height 025
2 0015
& 0
~ o
sTadT2 pt.7 Pt s10¢ 2
ation of girder: Max span mult / Min span mult
e I3 et ¥ g P P
1 e
START 1 pt.2 pt.3 sTOP 1
Factor when scaling st p, fup 05 Maximum span / Minimum span -> |6 2

nct ez ines @
0.0 Factorwhen scaling stresses up, fdown




The optimization is started as follows.

1. Start by clicking as illustrated next:

pt.is
1 . line24:
pt.37
@
pt.f2 pt.13 pt.14 lined %o
line13 line14 S
START 1 pt.2 pt.3 linefii
0.0) L line3 lined lines
“'pt.%a
3_ line24:
pt.37
L ]
START 2 ptis pt.14 g2 s
ﬁn&m line14 line15 ii
START 1 pt.2 STOP 1 gl
T e lineé lines
0.0)

2. Check the input and checkboxes in the lower right corner

\ v
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pt.2a
2' line24:
pt.37
@
pt.i2 pt.13 pt.14 ing2% s
¢ line13 4 line14 ¢ line 15 ’ii
START 1 pt.2 STOP 1 ling&Qi
T W e linea lines
(0,0}
pt.38
4' line24:
pt.37
@
START 2 pt1z  STOP 2 'mis
line13 ling14 Gets
START 1 pt.2 STOP 1 linsfda
T W e line4 lines, |
0.0

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.
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Check for minimum section medulus v Frame (girder data) for weight calculation:

Check for minimum plate thk. v Girder thickness 0.0128

Check for minimum shear area [v Stiffener height 0.25

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

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

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

Check for local stf, buckling [v Far weight calculation of girder: Max span mult / Min span mult
1.1 0.9

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

Factor when scaling stresses up, fdown 1

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

6 ;nn7 i I lin=g - _.
[ 4 — .

6 plate fields

‘ lina7 ] linpf } linpS .

8 plate fields

——

10 plate fields

1T

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
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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.

RUN OPTIMIZATION!

anysmart —!
algoerith infermation

Results seen next. Weight index is tot_weight / max_weight
max_weight is the highest total weight of the checked variations.
Weight index of 1 is the heaviest calculated variation.

| Plate fields | Fields length | Weight index | All OK? |
B PP T P P P P S S L T

4 6.0 1.0 True
6 4.0 0.768 True
8 3.0 0.765 True
10 2.4 0.825 True

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 number of plate fields in the iteration you want to look at,
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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: MNone —i

Show previous
results

Select panel to plot: Mone — ‘

anysmart —I
g show calculated ‘

algonth information | lterate predefiened stiffeners

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

Detailed results, printed after running, looks like this :

Plate fields:

pl_650.
pl_656.
pl_656.
pl_650.
pl_656.
pl_658.
pl_650.
pl_656.
pl_650.
pl_656.
pl_658.
pl_756.
pl_756.
pl_756.
pl_756.
pl_758.
pl_756.
pl_756.
pl_756.
pl_756.
pl_758.
pl_756.

Weight
Weight
MWeight
Scales

ex14

Bx14.
ex14.
ex14.
ex14.
ex14.
ex14.

Bx14

ex14.

ex14

ex14.

ex14

ox14.

ex14

ex14.

ex14

ex14.
ex14.
ex14.
ex14.
ex14.
ex14.

DO OO0 DO OD DD

@

22 Frames: 1@

stf_L180.8x8.0+33.0x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.4 START 1 OK!
stf_L180.8x8.0+33.0x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.4
stf_L180.08x8.0+33.0x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.
stf_L18@.8x8.0+33.@x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.
stf_L180.0x8.08+33.0x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.
stf_L180.8x8.0+33.0x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.
stf_L18@.8x8.0+33.0x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.
stf_L180.08x8.0+33.0x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.
stf_L18@.8x8.0+33.@x17.8 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 177.9 tauxy: 6.
stf_L160.8x8.0+36.0x18.7 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 174.9 tauxy: 6.
stf_L160@.8x8.0+36.0x18.7 span: 8636 structure type: BOTTOM stf. type: L pressure side: p | sigma_yl: 128.6 sigma_y2: 128.6 sigma_x: 170.9 tauxy: 6.4 -END 1- OK!

0636 structure type: GENERAL_INTERNAL_WT stf. type:

S sd s s S S sd s s ] ] S 0 00 00 00 00 00 00 GO 00
RRRERRBRRERRRERRRERRRRRBRBRRRB @

stf_L16@.8x8.0+36.0x18.7 span: L pressure side: p | sigma_yl: 115.7 sigme_y2: 115.7 sigma_x: 144.9 tauxy: 6.4 START 2 OK!
stf_L160.8x8.0+36.0x18.7 span: 8636 structure type: GENERAL_TINTERNAL WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: 6
stf_L16@.8x8.0+36.8x18.7 span: 8636 structure type: GENERAL_INTERNAL WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: 6
stf_L16@.8x8.0+36.0x18.7 span: 8636 structure type: GENERAL_TNTERNAL_WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: 6
stf_L160@.8x8.0+36.0x18.7 span: 0636 structure type: GENERAL_INTERNAL_WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: &
stf_L16@.8x8.0+36.0x18.7 span: 8636 structure type: GENERAL_INTERNAL _WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: 6.
stf_L160.0x8.08+36.0x18.7 span: 8636 structure type: GENERAL_TINTERNAL WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: 6.
stf_L1608.8x8.0+36.0x18.7 span: 8636 structure type: GENERAL_INTERNAL _WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: &
stf_L16@.8x8.0+36.0x18.7 span: 8636 structure type: GENERAL_TNTERNAL_WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: 6
stf_L160.0x8.0+36.0x18.7 span: 1.0636 structure type: GENERAL_INTERNAL WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: &
stf_L16@.8x8.0+36.8x18.7 span: 8636 structure type: GENERAL_INTERNAL WT stf. type: L pressure side: p | sigma_yl: 115.7 sigma_y2: 115.7 sigma_x: 144.9 tauxy: 6

details for this solution:

of main structure: ['1423.8°, "1423.0', '1423.0', '1423.0', '1423.9", '1423.0', '1423.0", 'l1423.0', '1423.9', '1413.8"', '1413.8', '1381.1", '1381.1", °1381.1', '1381.1°, '1381.1", ‘I
of frames: [*4172.8", "4172.8", '4172.8", "4172.8", '4172.8", '4172.8', '4840.3", '4048.3", '48408.3", '4048.3']

used on frames: ['e.9", '8.9", '8.9", "@8.9", '8.9", '8.9", '0.9°, '0.9", "0.9", "8.9°]
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f? | ArMYstructure |

File Geometry __F‘.eportt%g SESAM interface  HElp

Noinformation) ~—

Generate PDF report

Input point g Generate PDF result table

Add point {coords)

Point x (horizortersrme 56

Point y (vertical) [mmj: 0.0

General

Copy point (relative)

Move point {relative)
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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.

ANYstructure report generator
User: CEFANY
Time : Fri, 16 Apr 2021 17:31:48 +0000

31 32 33 34 35 36 37 38

3

3

16 17 18 19 20

13 14 15
t.t.7:.7.¢
3 4 5 -] 7 ] 3 10

z m

ANYstructure

4374
21 22

—~

11

Compartments:

Compartments returned from search eperation displayed below

Mame: compz, content: crude_ol

NN sievation: 2.5, Ma sisvaion: 303

APl sl OVEITYESSUNE: 250000

(a_stat, a_dyn_ioa, a_cyn_bal): (281, 3.0, 30}

Mame: Gomp3, content: crude_ol

AN sievation: 2.5, M sisvation: 30.500000000000002
Appiled overpressure: 35000.0

(3_stat. a_dyn_ioa. a_cyn_bal)c (381, 3.0 30)

Mame: compd, content: baltast

NinL sievation: 0.0, Ma, sisvation: 30.500000000000002

Appiled overpressure: 250000
(d_stat, 3_dyn_loa, 3_cyn_bal) (3,81, 3.0, 30}



Table

A report in table format can be created using “Generate PDF result table”. This report is a

compressed version of all results.
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Line pl thk s web h webthk | flw fl_thke sig X sig y1 sig y2 fau xy max press. sec. mod | min sec. | min pit shrarea | minshr Al fatuf buc uf
linet 140 700.0 2500 180 150.0 200 200 400 400 50 472000.0| 1036266 | 630181 1367 5111 2322 032
line10 180 750.0 4000 12.0 150.0 200 500 100.0 100.0 50 487000.0| 1737387 | 1983693 | 15.41 5256 3950 0.006 0.78
linet1 180 750.0 5000 12.0 150.0 200 500 100.0 100.0 50 521000.0| 2318424 | 2352319 | 1594 6456 4449 0.009 08
line12 180 750.0 5000 12.0 150.0 200 500 100.0 100.0 50 557000.0 2318424 | 2395968 | 1648 6456 4642 0.014 08
line13 200 Ti5.0 4500 12.0 150.0 200 400 80.0 900 50 436000.0| 2044973 | 1959271 | 1479 5880 3829 0.62
line14 200 Ti5.0 4500 12.0 150.0 200 400 80.0 900 50 436000.0| 2044973 | 1959271 | 1479 5880 3829 0.62
line1s 200 Ti5.0 4500 12.0 150.0 200 400 80.0 900 50 436000.0| 2044973 | 1959271 | 1479 5880 3829 0.62
line16 180 Ti5.0 3750 12.0 150.0 18.0 400 80.0 900 50 436000.0| 1499963 | 1676401 | 1479 4932 3541 073
line17 180 775.0 3750 12.0 150.0 18.0 400 90.0 90.0 5.0 4356000.0| 1499963 | 1587009 | 14.79 4932 3446 072
line1d 180 775.0 3750 12.0 150.0 18.0 400 90.0 90.0 5.0 436000.0| 1499963 | 1500067 | 14.79 4932 3350 071
line19 180 775.0 3750 12.0 150.0 18.0 400 90.0 90.0 5.0 436000.0| 1499963 | 1768242 | 14.79 4932 3637 074
line2 16.0 700.0 4000 18.0 150.0 200 200 400 400 5.0 387000.0| 1931105 | 744392 | 1238 7847 2286 027
line20 180 775.0 3750 12.0 150.0 18.0 400 90.0 90.0 5.0 436000.0| 1499963 | 1768242 | 14.79 4932 3637 074
line21 140 700.0 2500 18.0 00 0.0 60.0 70.0 700 100 0.0 358911 | 3375 4.07 4751 0 023
line22 140 700.0 2500 18.0 00 0.0 60.0 70.0 700 100 0.0 358911 | 3375 4.07 4751 0 022
line23 150 750.0 3500 120 150.0 200 400 90.0 900 50 387000.0| 1444282 | 046162 | 1348 4620 2465 [1E:]
line24 180 750.0 3500 120 150.0 200 400 90.0 900 50 350000.0| 1468865 | 972352 | 1281 4656 2375 063
line25 180 750.0 3500 120 150.0 200 400 90.0 900 50 310000.0| 1468865 | 972258 | 12.06 4656 2235 D64
line26 180 750.0 3200 120 150.0 200 400 90.0 900 50 267000.0| 1314959 | 838382 | 112 4296 1929 063
line27 150 750.0 3200 120 150.0 200 400 90.0 900 50 225000.0| 1293077 | 791169 | 1027 4260 1718 0.82
line23 150 750.0 3200 120 150.0 200 400 90.0 900 50 180000.0| 1293077 | 705247 | 9.19 4260 1450 0.82
line29 150 750.0 3000 120 150.0 200 400 90.0 900 50 132000.0| 1195180 | 575270 | 7.88 4020 1124 0.83
line3 180 T00.0 4000 12.0 200.0 200 1020 100.0 100.0 50 413000.0| 2109784 | 1856240 | 13.68 5256 3434 0.138 0.69
line30 150 750.0 3000 12.0 150.0 200 400 80.0 900 50 82000.0 | 1195190 | 358252 | 6.22 4020 700 08

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.

—

i | AMYstructure | ship_section_exampletxt

File Geometry FReporting SESAM'[:g.erFace Help

|Examp|efi|e for ANYstructu

Export geometry to 1S
Input point coordinat 1

int (coords)

Foint x (horizontal) [mm]: 0.0 Copy point (relative)

Fointy (vertical) [mm]: 0.0 Move point (relative)

Torvmeed o Funme Tnalnt moamebhae' a0 Toalond b

The result is illustrated next:




Section

FB_250_0x18_0
T_250_0x12_0__150_0.
7

—0__150_0x20_

—150_0x16._t

0__150_0x16_
—200_0
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