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1 INTRODUCTION

The purpose of this tutorial is to provide the user with a systematic approach to familiarize her-/himself
with rule check calculations on PSM grillage structures in Nauticus Hull version 20.0 and newer, on a
general level.

Primary Structural Members are modelled in 3D-Beam for the area that is to be analysed. The PSM
grillage tool will add rule loads according to the DNV rules to this 3D-Beam model, and run a static
strength analysis in 3D-Beam. Analyses results are checked according to rule requirements. The rule
check includes

1. Stress check

2. Pillar buckling check

1.1 Limitations

e The PSM grillage tool is only available for DNV rules.

e The stress check is only implemented for the following two profile types:

Built up T-profile with plate Double skin plates with web frame

TITILIIITIPL [TIEILIIIT]

""" Double skin of ship hull

Primary support member in ship hull.

e There is no limitation with regard to profile type in the pillar buckling check, but results for other
profiles than those listed in DNVGL-CG-0128 sec.3 [4.4] Table 8, should be evaluated carefully.

¢ Only two loading conditions, i.e. one ballast and one full-load condition, is supported. If several are
specified, results will be overwritten by the last loading condition.

For instance, if there are multiple Homogenous full load conditions, it is the last condition defined in
Compartments and Loads that will be used.
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2 IMPORT 3D-BEAM MODEL INTO NAUTICUS HULL

First, extract “Tutorial PSM grillage model files” file by clicking on it:

Tutorials and example models

Latest updates of Mauticus Hull tutorials and example models are available in Customer portal. (Login required)

2 % R [ m R

Mauticus Hul Mauticus Hull v20 Tutorial Tutarial PSM Update compartment
v20 tutorial tutorial model files P5M grillage grillage muc[‘:!l_ﬁlﬁ data in Mauticus Hull

Duslme monsl slbm ol |

Extract to a location on your disk, for instance C:\Documents\DNV.

Systern (C:) » Documents » DNV » MauticusHullv20_Tutorial_PSMgrillage_model_files
el Mame Date modified Type
D 05V PSM.clb 03.04.2024 14:22 CLE File
= 05V PSM.OSY PSM.zip 03.04.2024 14:33 ZIP archive

Size

1464 KB
1491 KB
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2.1 Import the workspace

e Start Nauticus Hull
e Select File | Import/Export
e Select Extract workspace

Import/Export Import/Export workspace
Workspace
. M This will save a limited version of your warkspace,
Import from old Nauticus Hull rmake a compressed zip folder and attach it to an e-

mail. Reports, user defined folders and large files (H3

Send usi
~ EE_F:;;IHQ and 5IN] are excluded.
Open
Info
‘-Eﬂ This will save your workspace and
M compress it to zip folder. Large files {H5
ewW -
Archive and SIM), zre excluded.
Workspace
Recent
Save As
E This will extract a selected compressed
folder and open the containing workspace
Import/Export Extract qb in Mauticus Hull
Workspace
Help
Support This will import @ hmx file and open it as a
Import new workspace in Mauticus Hul
hmx file

Navigate down to the folder where you extracted the files and select OSV PSM.OSV PSM.zip

» Systemn (C:) » Documents » DNY » MauticusHullv20_Tuterial_PSMagrillage_model_files

Mame Date modified Type

= OSV PSM.O5V PSM.zip 08.04.2024 14:33 ZIP archive

This workpace contains a cross-section model of the machinery area of an OSV. Our grillage model will
be located in the same area as the cross-section:

NauticusHullv20_Tutorial_PSMgrillage
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Updste from tllforr
4 Cross section

Midship eross section

Increased permissible hull gi.. [

4 Extension
2.aft
ft =2
fud =76

2 fwd E
« Standard span and spacing for stiffeners
s

nals [mam] 1400

transverses [mm] 800
4 Material data
4 Default materials for plates and stiffeners.
Use alsa for HG strength esie... [/

Above strength deck VNS
At deck VLNS
Between VLNS
2 battom VLS

4 T-steel zone height
Let program detect
4t deck [mm]
4t battom fmm]
4 Continuous strength members above strength deck
Is present =
Let program detect
T2 X | Distance trom centre e frvn) 9000

Height sbave base fne [mer] 10900

E3 Properties | ResultsTree

Familiarize yourself with the vessel’s ship data, applied rules, compartments and loads etc.

2.2 Import 3D-Beam model

Next step is to import a predefined 3D Beam model into workspace:

T :
K =
elete Paste Mew Impart Mew

Edit

4 & Ship data
# |dentification data
& Applicable rules
# General ship data
* Frame table
& Y/Z grid
# Main structural arrangement
# lceclass
4 [ Hull girder loads
# Hull girder loads
[ i Libranes
4 [ Section scantlings
[ (#76) Scantlings4
&= Compartments and loads
y
@ Rule calculation tools
@ Resources

Rule calculation 1 Import analysis from file FECk

Select file OSV PSM.clb from the folder that you extraced above.
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A frame model of the PSM grillage has been prepared in 3D-Beam in advance.

-
%

=
—t . g

The model consists of geometry and applied properties for each beam element, including the effective
breadth of the deck flange. Note that this is a simple model made for illustration only and does not
follow recommendations for modelling of hull structures represented by 3D beam models.

Hints on modelling:

- It is important that x-position of beams in the 3D Beam model corresponds with the same x-
position in Nauticus Hull geometry in order to get correct tank loads applied to the beam
elements.

- NOTE: Some guidelines for modelling methods and techniques for beam analyses of ship
structures are given in DNV Class Guidelines, DNVGL-CG-0127 Sec. 5.

- Normally gross thicknesses will be specified when modelling in 3D-Beam, and then corrosion
addition is calculated according to rules being specified in the profile properties dialogue.

Corrosion add. stiffener side: 0 [mm]
Caorr. add. other (plate] side: 0 [mim]

-

Rule for corrosion % calc: | No comasion

Mo corresion i
DNV GL, t_n50
M DNV GL t_net
CSR-BC&OT, t_n50
CSR-BC&OT, t_net
Other

Tot. corrosion, stiffener: 0

NauticusHullv20_Tutorial_PSMgrillage
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- It is important that beams have the correct Position code in order to get the correct rule loads.

-] :Beam

Id:1

Name ;| Deck

Position ; Weather deck

Select position code for use in load application

Select the position code to be used when getting rule loads for this beam:

Weather dedk

Outer Shell, (Bottom, Bilge and Side)
Long. bulkhead
Transv, bulkhead

Inner deck
Superstruct. side
Undefined

] ']] Ay 35043 mm2
I

RN

If no position code is specified, the beam will still be a part of the rule check, but rule loads will

not be applied on the beam.

-  Static loads shall be applied as an input in order to obtain rule dynamic deck loads. Static
uniform deck loads must be applied as beam line loads taking into account the stiffener (or
girder) spacing. This loading condition must be named “StaticDeckLoads” in order to be

included in the UDL rule loads.

[%] StaticDeckLoads ) E% o g T

Manage Load Cases b-_

- It may be convenient, especially for large models, to identify parts of the structure with a name,
e.g. “Outer shell”, “"Main supports”, “Weather Deck”. This allows quick access to these parts for

input specification and result analyses:

Vﬁ;gﬁ,

Weather Deck

Manage named selections (select, rename, delete) i

2.3 Prepare the 3D-Beam model for rule check

Define all beams on

Mo stress Weather deck

)

upper level in set

‘Weather deck’, and 15
all transverse beams

at inner lower area

(machinery area) in
set ‘Inner deck’

ﬁ“
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Mo stress Inner deck ~ &5 |

[ — =
. = Beam 1
Position codes Name
_ Position *

" Gart Nada T

Select position code for uze in load spplication

Select the postion code 1o be used when gettng rul oads for s beam:

[Outer Shell, (Bottom, Bige and Side)
lLang. buthesd

Select position cedle for use in load application

Select the position code to be used when getting rule loads for this beam:

Inner deck

(Outer Shell, (Bottom, Bige and Sice)
Long. bukhead
[Transv. bukhead

el

Weather deck
Superstruct. side
unde fined

No position code is given to the remaining beams, and these will then not receive any rule loads.
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Set Stiffener
orientation in
Longitudinal
direction

Description

Model Id NONAME
Date ;13.02.2018
Signature {NMN
B
e e
Beams in model 84
Stiffener orientation
Vessal Id:"0OSV PSM™ [,\\}

_ Material library | .
dl

Stiffener orientation for platefields between girders or primary support members:

Select default stiffener orientation for use in rule load transfer to girders and primary support members:

Longitudinal o

For Longitudinal stiffener orientation, the load is applied on transverse girders and PSM's,
For Transverse stiffener direction, the |oad is applied on longitudinal girders and PSM's.

Cancel

If “Longitudinal®™ is chosen as stiffener orientation, loads are applied to all transverse beams. If
“Transverse” is chosen, loads are applied to all longitudinal beams. Angle tolerance is 45 degrees.

Rename
‘Load case #1' to
‘StaticDeckLoads’

[¥] Load case #1

& FleLuz|e:

Analyse |Load Case Name Mew
StaticDeckLoads
Combine...
Delete
0K
Cancel

Current Load Case

Mame:
|StaticD eckloads

| Include in &nalysis

Open Profile
properties

JLLE ;

Mames -[i

= iProfile

Select a profile
and Edit

| Mew... ” Clone ” Edit ” Delete | | Print... Import profiles... ” Save profiles... Hint...
MName PLE

Effective plate Width: QoQ [rmim]

Plate Thickness, pT [rrim]

Press the [tc] -
button for more
information about
corrosion
addition.
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Corrosion add, stiffener side: 0 [mm]

Corr. add. other (plate) side: 0 [mm]

Rule for corrosion 3% calc: | Mo commosion -

No corrosion addition is specified in this model.

Press the
[Eff.flange]
button

There are several rule references to formulae that can be selected and used to
calculate effective flange:

4/ EffectivePlateWidthForm - ] :

“orrosion add. stiffener si )
Calculate according to:

orr. add. other (plate) sid| )
() Ship Rules, Pt.3 Ch.1 Sec.2 (Eff. Flange of girder)

ule for corrosion % calct | ) £1acc Note 30.1, July 1995 (Plate induced failure)

[ot. corrosion, stiffener:

Help ||Eff. flange...

L\\) ) DNVGL-RU-SHIP, Pt.3 Ch.3 Sec.7 [1.3.2] (PSM)

() Class Note 301, July 1995 (Stiffener induced failure)
() DNVGL-RU-SHIP, Pt.3 Ch.3 Sec.7 [1.3.1] (Stiffeners)

() DNVGL-RU-SHIP, Pt.2 Ch.3 Sec.7 [1.3.3] (PSM in cargo area, stiffening parallel to PSM)
() DNVIGL-RU-SHIP, Pt.2 Ch.3 Sec.7 [1.3.3] (PSM in cargo area, stiffening perpend. to PSM)

The model will
have material
VL-NS Mild
Steel

Material: !
1 VL-NS Mild Steel ~ | 1
1 VL-NS Mild Steel -
2VL-32 Steel
3 VL-36 Steel
4 VL-40 Steel
5 VL-47 Steel

6 Aluminium

Press ‘Cancel’ to
close the profile
windows

[caa ] ok |
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3 HULL GIRDER STRESSES

Hull girder stresses can be given as input or estimated.

3D Beam has no knowledge of the cross-sections along vessel, and specified hull girder properties will be
used together with the rule loads for each loadcase to estimate the hull girder stresses.

To describe the hull girder properties, open an instance of Rule Calculator and access Hull girder
properties:

4 Mauticus Hull - Rule Calculator - DMWY Rules - DANAUTICUSHULLAOLDVessels\ OS5V PSMYOSY PSMYRuleCheckAnaly

File Help

Hull girder propq<ties | Description:

IMPORTANT: Please validate hull girder property curves as they directly affect calulated results.
Pressure

Note that this may already have been done as part of other Rule Calculator tasks.

3.1 Midship cross-section properties
First time the Rule Calculator is started a dialogue appears requesting input for midship data describing

simplified curves over the whole ship length (ref. 3.2).

These curves will be used as basis for calculating estimated hull girder cross-section
properties where this is used in the calculation, e.g. to estimate hull girder stresses.

Input midship data n
Mame Unit Symbol AP 0.1L 0.2 . . .
N | axi . 4 |a In order to do calculation fellowing data needs to be defined. Please enter
eutral axis m il data for midship.
Moment of inertia about vertical neutral axis m* |1z n50 9131913137
Maoment of inertia about horizontal neutral axis | m* Iy n50 2911291437 I,z Minimum mement of inertia about horizontal axis: L} 00| m?
Breadth at WL m Bx 85 |153 |17 - 3 e
- Zz Minimum net section madulus: 1,097 m?
Inner Bottom Height m
m? 1 ot Zn Neutral axis: 4'm
m® 0 1,081, .50 Moment of inertia about vertical neutral axis: 18,28 | m*
q 0 0 1.0¢ I, 5o Moment of inertia about horizontal neutral axis: 582 mt
nertia about honzontal axis [ m”™ vR 0 0 0 .
- P p— —— -1 |B: Inner Bottom Height: 1.5 m
Minimum net section modulus m- |ZR 055]0,55 |08
Z;, Height of strength deck at side: * & m
- - Zyp Height of equivalent deck line: * Ij m
[ 75) esT5tst 4 2 0 7 * Zp and Zyp are optional input used for making section modulus curves. Only used for
(#75+100) C575+100 4,23 243 1,5 17,14 information.
ame os ZIn z Bh
00 #75+100 mm 425 5
l\i‘./l Redefine from cross sections | | Redefine from midship data QK | | Cancel

NauticusHullv20_Tutorial_PSMgrillage
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Input midship data n

In order to do calculation following data needs to be defined. Please enter
data for midship.

2 Minimum moment of inertia about horizontal axis: 2544 | my
Zx Minimum net section modulus: 32.897 | m?
Zn Neutral axis: Olm
|- nso0 Moment of Inertia about vertical neutral axis: 0|m*
ly nse Moment of inertia about horizontal neutral axs: 0|m*
IBy, Inner Bottom Height: 0lm
Z Height of strength deck at side: * 21m
Zyp Height of equivalent deck line; * m

* Zp and Zyp are optional input used for making section modulus curves. Only used for
information.

These values for the midship section apply to the whole length of the vessel if not defined otherwise. To
modify values for area beyond the midship, open the Hull Girder Properties window from Common data

or the button on the upper right side.

If there are cross sections models available, calculated data from these will be shown at the lower part.

Data from the cross section with lowest Iz will be proposed as default values. To use data from another
cross section select the row, right-click and select menu ‘Use data from selected row as midship data’ or
just double click on row. Please note that this table of information will not be shown if no cross section

models have been calculated.

The input data definition for DNV HSLC Rules is as shown:

Input midship data n

In arder to do calculation following data needs to be defined. Please enter
data for midship.

Zn Neutral axis: I:' m

I, Moment of inertia about horizontal neutral axis: 0 m*

7 Height of strength deck at side: * 525 m

* Zp is optional input used for making section modulus curves. Only used for

information.
OK Cancel

NauticusHullv20_Tutorial_PSMgrillage
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3.2 Hull girder properties

The Hull Girder Properties window shows simplified cross sectional data along the entire ship length and
the distribution curves are normally made from midship data. The hull girder property data will be used
in all calculations, including hull girder bending stress, ong. Data from these curves are used even if a
cross section model is available at calculated position.

The distribution curves are pre-defined by the program and are representing assumed cross sectional
data along the ship length. Please note that these curves are not defined by the Rules and should be
adjusted by the user if found necessary. The assumed moment of inertia at AP and FP is 50% reduced
compared to amidships. The distribution curves are not ship type dependent.

Some values in the data tables are editable. It is also possible to add new columns to the data table if
needed.

F I |,=:_l |_ I | F' Hull Girder Properties for Rule Calculator Ba
Name Unit Symbol AP 04L 02L 03L O05L O7L 08L 08L FP
. .
H““ g|rdE|' properlla Neutral axis |m_|zn |1449 |1449 1449|1249 1449|1240 |1442 1449 |1s40
Moment of inertia about vertical neutral axis | m® | 1zn50 |843,08| 843,08 126462 1685, 16] 168516 1686,16] 126462 [843,08 843,08
Prazcure Breadith at WL Bx 229 |4122 |58 [458 |as8 |45 |4122 |229 438

m
Inner Bottom Height m IBh 3 3 3 3 3 3 3 3 3
Se. | %2 oo oo =T
;
;

0) CH4 - AFT OF BHD - DNV
00) 1st_FWD_Web

oooooooooo

AP o oaL 03 o4l 0S54 o6 oL 081 o8 FP

& | [ o ][ e

G

One can always redefine curves by pressing the button ‘Redefine from midship data’.

Data from existing cross section models may be shown as thick green lines or dots in the graph. This is
just for reference, but may be used for verification of correct input. When there are data from several
calculated cross section available, user might select cross sections by check-box and press button
‘Redefine from cross sections’.

User should always verify curves after generation and edit if found necessary. Additional

positions/columns may be added by right click and select ‘Insert new column’.

The hull girder property data will be stored in the ShipData.xml. This information will be common and
retrievable every time a new Rule Calculator file is created.

NauticusHullv20_Tutorial_PSMgrillage
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4 GENERATE LOADS AND RUN

4.1 Get Rule loads

Model - Get
Rule loads

Iff Mauticus ® 30 Bearn - P5M grillage tutorial tanker.clb - [User defined]
File Edit View Symbels  Model Analysis Tools Window Help

= +  Select objects E E ED E

[ StaticDeckloads | M Create Beams T & |-00

Insert node

Flip Bearn

Create Loads over Selection

Manage Load Cases...

Get Rule loads... k

Create Mamed Selection

Manage Mamed Selections...

AL WA

There are no previously defined beam load widths, so it is not necessary to tick
“Override ...."”

Get Rule loads e

Transfer rule loads from MNauticus Hull,

(This require definition of compartments and loads in Mauticus Hull and use of the
same coordinate system, please see the User Manual).

[ override manually defined beam load widths and those from previously rule load transfers.

Recalculate beam load widths and allow the program to compute beam load widths
based on current modelled girder system. {Alternative, manually set load width to zero
for only those beams that need to be recalculated.)

Skip empty load cases with no distributed beam loads.

(Only transfer relevant load cases with compartment pressure, sea pressure or
distributed line load from StaticDeckLoads.)

[Jwrite intermediate calculation results to log file, (Performance punishment, 3 x slower)
(Saved to the file: RuleLoadCreationFar3DBeamLog.log in the %otempt folder)

Cancel

Empty load cases can be skipped.

The rule load cases will be added and by default included in the calculations:

NauticusHullv20_Tutorial_PSMgrillage
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£F TTLLLILLS T UL Ui o g b

File Edit View Symbols Moc

== L]
[¥] StaticDeckLoads ~ |t
StaticDeck Loads A

[¥] SEA-1h, HSM-2
[¥] SEA-Th, HSA2

[¥] SEA-1h, FSM-2

[¥] SEA-1h, BSR-2P

[¥] SEA-1h, BSR-25

[¥] SEA-1h, BSP-2P

[¥] SEA-1h, BSP-25

[¥] SEA-Th, OST-2P

[¥] SEA-Th, OST-25

[¥] SEA-Th, O5A-2P

[¥] SEA-1h, OSA-2S

[¥] SEA-1s, HSM-1

[¥] SEA-1s, HSA-1

[¥] SEA-1s, FSM-1

[¥] SEA-1s, BSR-1P

[¥] SEA-1s, BSR-15

[¥] SEA-1s, BSP-1P

[¥] SEA-1s, BSP-15

[¥] SEA-1s, OST-1P

[¥] SEA-1s, OST-15

[¥] SEA-1s, OSA-1P

[¥] SEA-1s, O5A-15

[¥] TK-1h WB-1h, HSM-2

[¥] TK-Th WB-1h, HSA-2

[¥] TK-Th WB-1h, FSM-2

[¥] TK-Th WB-1h, BSR-2P
[¥] TK-1hWB-1h, BSR-25
[¥] TK-1h WB-1h, BSP-2P
[¥] TK-ThWB-h, BSP-25 ¥ |-

If desired, it is possible to use the Loadcase manager to

- exclude cases

£ MNauticus® 3L Beam - F5M grillage tutonal tanker.cli -
File Edit View Symbols Model Analysis Tc

| QDE

=y = L

[¥] StaticDeckLoads ~ |t

i

| Manage Load Cases l_ [

- to make new cases or combinations,

- or to change rule acceptance criteria:

NauticusHullv20_Tutorial_PSMgrillage
Updated 2024-04-15

| Loadcase Manager

Analyse |Load Case Mame
StaticDeckLoads

@ SEA-1h, HEM-2Z
E SEA-1h, HSA-2
E SEA-1h, FSM-2
@ SEA-1h, BSR-2P
@ SEA-1h, BSR-2Z5
= SEA-1h, BSP-2P
FA SFA-1h RSP-2S
Curent Load Case

M ame:

| StaticDeckl oads

Acceptance criteria:
[&r a1 Masian Inad seanarin G 4 M !

MHew
Cambine. ..

Delete

| Include i Analysis

Page 14
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Current Load Case
M ame:

Loadcase Manager x
Analyse (Lead Case Name ~ New
= SEA-Th, HSM-2 Carbire...
= SEA-1h, HSA2 Delete
@ SEA-1h, FSM-2
@ SEA-1h, BSR-2P
@ SEA-1h, BSR-25
@ SEA-1h, BSP-2P
= SFA-Th BRSPS b Caiee

|StaticD eckloads

| Include in Analysiz

Acceptance criteria;

I
AL [Design load scenario S

AL [Design load scenario A, T

Notice that longitudinal beams now, for each new loadcase, also have received additional Hull Girder

stresses

ITEIIPETALUTNE (W

g9

| Girder |

{72 N/mm2

= Selection

Raame 1 I

These stresses can be deleted if desired, e.g. in superstructures.

Also notice that the load width that is used in calculation of line loads for the rule loads now is displayed:

Wi

= Beam

Id:26

MName

Position Weather deck

Load width

Start Mada N MEI200 mem GRAN mm 3000 i)

If you want to use a different width than calculated by the program, it is possible to update this value

and then run the “Get Rule loads...” - command once more.

4.2 Run the analysis

Push analysis button

to run the rule check:

.
N

s
Analyse model (F3) i ..

NauticusHullv20_Tutorial_PSMgrillage
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5 RULE CHECK RESULTS

5.1 Stress Check

Select tab ‘Stress
Check’

reszes }-. Stresliﬁﬂheck I.-'-r.I Pillar buckling I}\R&Spnnse plot I.‘-'-.II'-'Il:ltes I.-'r

Double-click in the

“Usage, Normalized” m Usage, Normalized Ok / Mot ok
| ! 419 Mot ok
column to sort on 415 Not ok
highest usage factor. 4,14 Mot ok
. . 412 Mot ok
Right C|IC|-< and select i1z Not ok
Descending and 0 % e Tl
Absolute 410
£10 ® [escending
L Signed
4,09
4,08 ® Absolute
4,00
2.30 Report
ONses h Stresses .}". Combined stresses .}5. Stress Check I.-{_F
Select load condition File Edit View Symbols M

StaticDeckLoads

DEE | brrX 2

ﬂﬁ@&

|[] StaticDeckLoads

Press the “Down-
arrow” on the
keyboard

This is a convenient way to loop through all loading conditions to check max.
Usage factors.

Right-click in the
output pane and
select Report

Ascending

& [Descending

Signed
&  Absolute

Report I

Go to the bottom of
the report

Here you will find some rule references and explanations:

NauticusHullv20_Tutorial_PSMgrillage

Updated 2024-04-15

Page 16




DNV

Abbreviations

Werification of beam stressas as specified in Fules for clazsification:
Ehips — DNV GL-RU-5HIP Pr3 Chod. [2.2.2], Edition Jan 2018 and later.
Direct strength - baam ansly:is, Acceptance criteria for beam analysis.

Stress check infonmation:

DEM: Primary suppart member, Beam identification mmbar

Name: Uszer's beam identification

Hull zirder stress: Averazas axizl stress in member from globzl bending of lmll girder, o, calonlztad by mule caloulator.
Eend. stress: Waorst BEending stress along the baam from loczl loads and beam node rotations.

Allow. Bend: Allawed bending stress = Co s B

Shear stress: Wirst average shaar stress in the web-plate along the baam.

Allow. Zhear: Allowed shear stress = Cos

MNormalized uzage:  The maximuom vusage factor, calculated a5 stress divided with the zllowable stesz. 4 valoe < 1.0 means
that the PEM is ok
Iz Ok Taxt showing Ok or 2ot ak.

All loadcases can be displayed simultaneously for one force or stress component for one beam:

Select tab ‘Response

Plot’ ; r}". Stress Check .}". Pillar buckling }'-.Iﬂaspnnse gt .-{ Notes ,_.'

Tick on “All il Rezponse:
loadcases” and select Sig-Mz I

one component in the Mo rezponze
Mx

Ly

Lz

M

My

M_z

|| Response: ?EHNJ}I
Sig-Mz w Taulz
Tau-tx

II loadcases Sig-My
Sighz

Result positions SE_N

Max values are shown on the right end when cursor hovers on the curves.

dropdown menu

13025

NauticusHullv20_Tutorial_PSMgrillage
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5.2 Pillar buckling

Select tab ‘Pillar
buckling’

:'-.I Stress Check }-. F'-illﬂr t:-uu:klin&;‘-rII Response plot .}'\ Notes r-'r

Double-click in the
“Usage, Normalized”
column to sort on
highest usage factor.

Right-click and select
Descending and
Absolute

Allow | Usage, Nor |-Pos| [mm] [|SigCr, Axial ||Sic
0,12 65833 44 16!
0,12 65833 44 16!
0,12 16453 44 16!
0,12 65833 44 16!
0,10 16453 44 16!
0,10 Ascending iy
0,08 15
0,09 ® [Descending 19
0,09 19
u:na S 19;
0,09 & Ahcolute 19
0,08 19
0,09 Report 19;
0.09 12611 . 19

Select load condition
StaticDecklLoads

File Edit View
O@ | DX 2

Symbols M

| 1] StaticDeckLoads

S@E

Press the “"Down-
arrow” on the keyboard

This is a convenient way to loop through all loading conditions to check max.
Usage factors.

Right-click in the
output pane and select
Report

Ascending

& Descending

Signed

&  Abzolute

— Report N

Go to the bottom of the
report

Here you will find some rule references and explanations:
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Pillar properties:
No.:

Length:

Semay
fnd—s:

E:
Poisson:
Yield Stress:

Beam identification number

Elastic length, (total length minus rigid ends), of beam.

End constrain factor of the pillar, for bending about y-axis of beam.
bending about z-axis of beam.

End constrain factor of the pillar, for

(see DNVGL-RU-CG-0128, sec.3 [4.2] Table 7)

( o .
) I A i !
L | v I L

Buckled shape of member 1 . ! 1 ' !

1 i [

\ ! I
! N i i
' ]
Fond 4.0 20 10 10 0.25 0.25
Anxial area (total profile area)

Torsional moment of inertia
Moment of mertia about local y-axis
Moment of inertia about local z-axis

Yes, if both beam ends are braced or otherwise supported against joint translation.
(Bending moments are then taken from within middle 1/3 of beam )

‘Warping constant.

Simplified warping factor calculated as given in DNVGL-RU-CG-0128, sec 3 [4.4] Table 8 formula

Example for I-beam shown below:

I,,=§l2h(1:+dw,tij ! p—
2 .3

Crarp = a“_'b.f_ri 10°° om®
" 24

Young's Modulus
Poisson's ratio for transverse contraction
Nominal yield stress

NauticusHullv20_Tutorial_PSMgrillage
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Notice that some additional information is given in the ‘Pillar’ tab in the Properties pane:

[=] { Pillar Buckling

id

Mame

Total length

15750 mm

Elastic length

15750 mm

Buckling length

19750 mm

Braced joint transl.

Yes

Profile

Name

VFR

A

22500 mm2

I

1,375e+006 mm4

fy

7,99382+008 mm4d

lz

1,2631e+009 mm4

Warping fact. Cw

3384745 cmé

Material

3 VL-NS Mild Steel

ield stress

235 N/mm2

E

210000 N/mmz2

Poisson

03

=] : Strong Axis

End constr. factor v i1

Buckling curve Id, " icurve a

= iWeak Axis

End constr. factor Z ;1

Buckling curve Id, Z curve b

= :Load and stresses

Acceptance criteria LAC-I

Wax allowable UF. (0,75

Model A Response # Pillar

Table 10 Buckling curves for different cross section

Buckling Colurmn
Shape of section about axis curve
z z
vy
A Rolled tubes -
y—( - y—]| -~y a
[ Welded tubes vy
z Z (hot finished) 7z
y-y: byt; zz: h,d
Welded box vy b
sections: 7z
Heavy welds .
(full penetrations) vy c
and b/t < 30
h/b > 1.2 Ll .
Tand H =z b
rolled
section
vy b
h/b <12 L 2
2 vy
Tand H Flame cut flanges v b
Lo S welded 5
sections vy
= Rolled flanges vy .
Tand H sections with b St
welded flange cover plates L _y ¥y b
et -z a
=L =
z
Box sections, stress vy a
relieved by heat treatment ¥— % 22
z
1and H sections, stress M ¥ Yy a
relieved by heat treatment 1T 2z b
z
- z_ it
Tand L sections I
yyid " ') ' i 14 c
st TS PR
ld
Channels V- E vy
iz

Class guideline — DNV-CG-0128. Edition September 2021
Buekiing

Page 51
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ABouT DNV

DNV is an independent assurance and risk management provider, operating in more than 100 countries,
with the purpose of safeguarding life, property, and the environment. As a trusted voice for many of the
world’s most successful organizations, we help seize opportunities and tackle the risks arising from
global transformations. We use our broad experience and deep expertise to advance safety and
sustainable performance, set industry standards, and inspire and invent solutions.
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