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Overview of the MAESTRO Modeling
and Analysis Approach



What is MAESTRO?

METHOD for
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Coarse Mesh Fu8hip Detail FulShip
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Model Organization

Individual modules are joined ta
create the complete model
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Model Organization

(# of stiffeners)

(n) = Strake no.

Module Definitions

A

> > > >

Reference/Opposite Ends
Section Spacing/Number
Endpoints

Strakes

Stiffener Layout/Spacing

MAESTRO 2010

Section no.
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A Stiffened Plate Element
A Geometric orthotropic formulation

A Retain critical information for limit | yasran coarse Mesh
state an aIySiS Stiffeners Lumped on plate element sides

A . Nodes=25 - :
A Easy to change stiffener layout Flements=60
A ldeal for design space exploration =

(optimization)
Better

MAESTRO Coarse Mesh
Stiffened Plate
Nodes=25

Elements=28

Nastran Fine Mesh
Stiffener modeled as beam element

Nodes=909 . ;
” Limit State Analysis

Limit State Analysis b o, — | Stress Analysis ™y “S5SS
- Best
Best

MAESTRO 2010 www.maestromarine.com




Model Organization MAESTRO

A Rapid Modeling/Modification

A Most elements are_associated_with sections and_lie on
GNF Af NBIF R GNJYOlaé O0SYRLIRAY

A Elements are automatically updated when adding,
deleting, and modifying sections

Insert Sections

sssssss

IFRPERD
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Importing Geometry MAESTRRO |

1
GLOBAL STRUCTURAL ANALYSIS N Il

A Import *.DXF, *.IDF, or *.GF files

A Import strategic locations, such as module
reference and opposite end curves

A MAESTRO construction geometry

MAESTRO 2010 www.maestromarine.com
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Creating Modules
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Endpoints ¢
AXY,Z
A Cartesian and Cylindrical
A Reference and Opposite

Reference Points

EndPoints | Additional Nodes |

ﬂ - (@ Cartesian i~ Cylindrical

X (in) ' (in) Z (in)
Reference |D |D |D | |
Opposite |D |D

Create | Modity | Delete | Close

MAESTRO 2010
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A{ 0N ¢SaXx
ADSYSNI) t X
Attt adAay3ax
A CNJ} YSaX
A DA NRSNEA X
A{GATTFSYSN
A5StSiA2ya

Name | ﬂ M’—Ll

General I Plating ] Frames I Girders } Stiffeners ] Deletions }

Type Regular v

Strake Connectivity

EndPaint1 |1 EndPoint2 |2

’— in
in

Create hadlify Delete | Close |

MAESTRO 2010 www.maestromarine.com
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A

A

A
A

A

| RRAGA2Y *f y2RSaXx A al GSNR& t ax

{ LINR <3 3& X A t NP LISME A SaX

w2 Ri“K A 585t S*SX

| RRAGA2Y & . 81 vyax A vdA Ol [ IZFGA2Y X

RSplineX =
| 2 YLR d:BRA X

{GATTSY &2 £ & 2dzi X
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Neutral Axis

14

> I

Basic Ship Structural Properties

Hull girder properties, e.g.
Inertias, Crossectional Area,
Neutral Axis, Section Modulus,
etc., can be recovered from the
model.

Longitudinal Effectiveness On/Off

Moment of Inertia I

MAESTRO 2010
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Loading the Model MAESTRU |

A Lightship mass distribution
A Structural weight
A Weight distribution

A Hydrostatic Loads
A Still water
A Waves

A Tank Loads

A Cargo Masses
A Forces
A Moments

A Accelerations (l.0.f)
A Pressure Loads
A Boundary Conditions

MAESTRO 2010 www.maestromarine.com
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A Self weight

A Scaled Structural
Weight
A Per Section
A Per Module
A Whole Ship

A Weight
Distribution

A Individual Masses

LoadCase IUUE j Name |LoadCaseUUE

General Mass | Pairt Force | Fressurs | Accslerstion | Batance |
Volume  Module |Sediun| Node | Flate | Bay | Distribution |

fall modules+all-modules+] -| Add I Total Mass

Module Name | Weightibf) |

[Ereate | Il Edif I DeIHowl Close | Help |

MAESTRO 2010

e
e
e
sevm
e
e
e
DeEsmi
e
e
stes
EHIN
e
e
eEsmt
e
S
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A Hydrostatic loads
A Stillwater or Waves
A Sinusoidal or Trochoidal
A Wavelength
A Amplitude
A Phase
A Trim and Heel

MAESTRO 2010

LoadCase | [003 ] Name [l oadCase 003

General | Mass | Point Force | Pressure | Acceleration Balance |

-Cument{or initial) Imersion/Wave Values, Units={n.d

W Wave [V FK EffecEmergence | in  HeelA 0 Fich | 0
Wave L. Oin Amplitude I 0in  Phase A DHea:th [}

~Center of Fotation
& Defauk " Spechy

[Sieate | e | Ds\Huwl Close | Help |

www.maestromarine.com
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A Tank Loads

A Specified Density
A Percent Filled

A Specified Mass
A Specified Head
A Tank Table

Volums Group Name | CenterLins| Volume(in"3) | Volume Actual(n"3)| Weighi(lb) | XCGiin)| YCGin)|zCG(n) | *
1 |#65-73 centerline No 249274e~006| 2.36802¢+006 87766.1 1689.99 90.8176 4.50557-016
5 |5-15 outboard No 2.295776~006| 2.114356+006 733644 271.063 935017 981731
3 [#11521 outboard No 2.61241e~006| 248164e+006 91977.1 434794 524194 121451
4 | 6573 outboard No 2.52613~006| 240003e+006 839527 1690.02 | 96.4882 | 138.778 |
5 [#4149 outboard No 3.89362e-006| 3.69863¢-+006 137083 1140 928091 118.619
6 |fi33-41 outboard No 3.89343~006| 3.69848¢+006 137077 924,001 92.8014 | 118555
7 |#2533 outboard No 3.89325e~006| 3.69833¢+006 137072 708001 927935 118.491
8_ fi5-15 outboard:mirror | No 222577e+006 2.11435e+006 73364.4 271.063 935017 -99.1731 A
9 [#r1521 outboard:mirror | No 261241e+006| 248164¢+006 91977.1 434794 824194 121451
EﬁﬁS—B outboard:mirror No 252618e+006 2.40003e+006 88952.7 1690.02 | 96.4382 -138.778
[71|741-49 outboard:mirror | No 3.89362¢+006| 3.69863¢+006 137083 1140 92:8091 -118.619 o

MAESTRO 2010

LoadCase | Jom ] Mame

|LoadCase 001

General Mass |F‘o'rlForce| F‘r&sa.rel Bdml

Volume: | Modus | Section | Nods | Plats | Bay | Distrbution |

=] Add | Total Mass | CKOverfl |

Volume Name Type Value| Densily(lbﬂin“fi)| Pipe Heac”
1 | fi65-73 centerline liquid:frac|0.950 | 0.0370631 0 E‘
2 |fr5-15 outboard liquid::frac|0.950 | 0.0370631 0 ]
3 |fr15-21 outboard liquid::frac|0.950 | 0.0370631 0
4 | fr65-73 outboard liquid::frac|0.950 | 0.0370631 0
5 |fr5-15 outboard:mirror | liquid:frac [0.950 0.0370631 ] =
4 T | 2

[Elete | Madify | Del Row | Cloge | Help |

www.maestromarine.com
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Cargo Masses

A Masses distributed evenly among nodes or plate elements
A Engines
A Sonar
A Deck Loads

20 MAESTRO 2010 www.maestromarine.com
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Accelerations

A Translational and Rotational Acceleration (With/Without Gravity)
A About Center of Gravity

A About Center of Flotation
A About Arbitrary Point

A This provides the inertial loads for all masses (lightship and cargo)

L= 2% -
LoadCase ||DD2 -I Hame IStiIIWater j

Genaall Mass I Poirit Forcel Pressure  Acceleration |Balance|
— Acceleration Reference Point

™ Certter of Flotation X in

@ Centerof Gravity Y | in

™ |User Defined Z I in

— Additional Acceleration Value
#* Ship Coordinate System " Word Coordinate System

0=swge [ 0 ms2 (hemRol [ 0 red&"2
(Y)"=Heave ID— in/s™2  (ThetaY)"=Yaw II}— rad/s"2
@=sway [ 0 ns"2 (hewZV=Pict [ D radis2

==l | b odify | DeIFiowl Cloze | Help |

MAESTRO 2010 www.maestromarine.com
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Pressure Loads
A Pressures can be constant or varying across panels

A Pressures resulting from a liquid load can be imposed
(e.g. surface head due to green water, or prescribed
pressure on a bulkhead)

— ﬁ\
LoadCase | IEIEI2 .| Name |5l wiater -
Genetall Mass | Point Force  Pressure |.Hccelaatian| Ealancel
Plate(LinPress) |F‘Iate{5urface Head) | Plate(Surface Zero) | Additional Beam | Edge |

W Full Strake/Compound || j Add Plate Gmupl

#| Module Mame | Type | ID | Pres. an Edge 1{Ibfjin"2) | Pres. on Edge 2(Ibffin":

4 [} »

[Nelete | b adify | Deth:uwl Cloze | Help |

MAESTRO 2010 www.maestromarine.com
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Hotege
Ele Edr Fgrwat  Wew  Hep
fundes of werred mlemance =
unien mm
NS 2
HEC L-)-’hguamz- R
nudumit nes 230 fLap subleadl gdet=2,
node o e
e i aT00 - saon -
nodawat 1 8 2500 - 5500
nadessr 1L 0 1360 700
nadenes - s 300 R
nodewer i @ 2004 - 5540
nodanat 1E Zsgo o o
0 2300 2300 - 3300
IL 2300 1780 4700
33 1e00 B34 ~3Ean
34 3moa 4300 SBnan
35 1500 000 - 5500
7 r5eE B0 - S5E0
33 oo o o
I sooo0 1250 -avon
I8 1000 [ -2 300
41 g 4300 e
42 w000 000 - 5500
43 Do 2500 -
FL =] Foi 550
1 BodE MODEE WOOGE DGX CGF CGZ MOFHGTH NOPEATY ROFRATZ L
rd 1m 22 2 1z30 122 ] o, B8
T} as FE) 22 3Tso 133 o 0 D8
2 22 n 11 1250 w52 o 0.8k
1z aa o 31 arsn w52 o 8-+
£ E LR 4
.51 ‘;3 4% 33 523 13@: 3 -8 E:
1a 20 3 13 1230 70 [ ]
s} 23 42 23 370 ITio [ o
13 23 4 1z 1250 3830 o o
35 i 41 31 arso 1810 o o
i3 =i 37 a diin 5550 o a
Id il ds 7 avso 5500 o a
TRqk Clesenrs
Fall wodas inclwding wortad wodas
HusHodas 43
1 o 2300 4700
2 o Bdd - 3500
1 o 2500 o
4 & 3004 —dTen ¥
& & aa00 SyEea v ¥ =
& ] 4300 -FEd UTopssublSeadl EndeTaiil :tc-g
7 -] o o Tap/Eull eadl Erdel=l, Sgio0
= o 300 o /
H o aroo —zmon
10 o 2500 - S50
ii o 160 —A 700 =
13 o L300 - 5500 i
i ) anon - 55ae0 i
1a L] aron -2 -
4 ¥

rodynamic Loading

Eie Edt Format Yew Hep
% uml ta: Aps/Fpssommdn Th/Fr Tk, 1F none wrtsen-m

@l
@] BpF S Sur 8 bE] Q.2
elepressere 19 -0, 142906+04
alepréssora M 0.0

dx{3urge) dy(hesvel dr rx{roll Ea) i degree) rz {pitch
d15p 7 acenent ﬁﬂ:ﬁt 3,058 R 5 :

oll, -:ll:lbg-ee} rg iau. degres) rz {pits

0,1213E-01

units i

Toadcass 1

¥

= ay az

acceleration 1 -2.3 o 0. 000

(% eI pressure

alEprésswra 7 1

elrpreyagre 11 2

B1Ere55Lr 8 13 3

PR e (heave)  dr raf
x(3erge ve z reiro

displacement 0,0 4“6 0 .00

= ax az

acceleration -1 -1.! 1 L

= PrAssUrs

ry{rad, 522 ar:
Q. 1719E-01 W

ary {rad/5~2] ar:

23
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Boundary Conditions

A Restraints

A Normal, 6d.0.f rigid body
motion

A Automatic centerplane (half
models) for symmetric or
asymmetric loads

A Other BCs (External Loads)

A Vertical/Horizontal BM and
Shear Force _

A Torsional Moment il R Py——

TR Yl Z0 R [~ Ry [T Rzl FastR. Cale. [;
Péotat?rge 1 eeeeFived Hegpm | Y-sym | Z-spm Pinned
2--Forced Displacement Habaym | V-dapm | Z-Aspm| Mo Rotation
|gas turbine j Add Modal Group
Apply &l load cazes
Module Mame Rx D) |D\"(m
Jropfexifsublfmodl |1,
Tropfexifsublimodz |1, 1]
Tropjexifsublimodz |5, 1]

i

DeIHOw| Cancel | Help |

MAESTRO 2010 www.maestromarine.com
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Balancing the Model

T (= ]
Eile Tools View Model Groups Loads Hull ELAJSFA Results Help

DeH| &% Bepasagenad 1T

s 48 - | LoadCase001 Tl

i
£
m

i O

L =]

& M

£l =

& H

e |

* =

@ |

B VN

o A

Ay ey

@

s Balance Type

il i+ Hudrostatics [Feep additional accelerations, if any, as consta;

: " Inertia Felief [Adjust additional accelerations

] Selection Canvergence Criteria

z " Autg Heave Force/Gross Weight IW l
i i Uszer Contral | | Dz Between CG and IW I

Cycles 2Ui‘ Dx Between CG and CBALBL .00 1
Drefinition of Average W ater Plane
Center of Flotation
Structure Coord Heel Angle [Deg)
>< i Trim Angle [Deq)
i in
Z in Q

[~ AllLoad Cazes ] | Cancel |

Balance Results

5
“BML=1857.01in

“Metacenter Transverse (KMT)=225.416in
“Metacenter Longitudinal(KML)= 1926 68 in
“GM=KM-KG= 124 563 in (GM=BM-BG=123.555 in)

Balance Completed

Command Output A Grid £

NUM

MAESTRO 2010 www.maestromarine.com
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Solving the Model
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A Solvers
A Sparse
A lterative
A Skyline
A Beam Theory
A Eccentric Beam
A Hybrid Beam
A Failure Mode Evaluation
A MAESTRO
A ULSAP

A Fine Mesh Models

MAESTRO 2010

M-

Static Analyziz

= Equatu:un Solver Method

r Iteratwe
 Skyline

— Beams Attached ta Plating
% Eccentric Bearn
" Hybrid Beam

— Strezzes & Reaction Forces
¥ Calculate Streszes
¥ Calculate Feaction Forces

— Failure Mode Evaluation
& More

" MAESTRO

™ LULSAP

[ Saolve Al Fine Mezsh todels

o]

Cancel

www.maestromarine.com
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Element Stress Results

A Bare Plate A Beam

5 Plate (end)

| Top
-—Bottom Flange (end)

Plate (start) —

Mid—

Flange (start)

A Stiffened Panel A Rod
A Axial Stress

: - Top/Mid-plane of Plate
Mid/Stiffened Panel NA—m l i l
= Bottom/Stiffener Flange Mid-plane

30 MAESTRO 2010 www.maestromarine.com
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Structural Analysis/Evaluation

GLOBAL
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ST

SigX = 32382E+003
SigY = 1.0442E+003
Tau= 7.9984E+002

Cort ress

C1=45732E+003
(2= 55466E+003
C3=18207E+003
C4 = 13794E+003

&

Job ended on Friday, July 30, 2010, at 10:31:33
Aop/s2 midbody/m1 fr 25-45
strake 20,Quad Sec 6
Thickness=0.25 {in)
FeTag=2727

Stresses Mid (Ibf/in™2):
SigX = 3.2382E+003
SigY = 1.0442E+003

Tau = 7.9984E+002
SigVM = 3.1803E+003
Comer Stress WM (Ibf.in"2):
C1= 45732E+003

C2 = 5.5466E+003

C3= 1.8207E+003

C4 = 1.3734E+003

m

4 1 3

W4T v Command b, Output 4G/

A Stresses are reported in the GUI; results can be queried and echoed to the output w.

A Stress results can also be exported to Excel, a text file, or the grid

Indc

MAESTRO 2010
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The structural response analysi
provides stress and displaceme
results for the entire vessel

32 MAESTRO 2010
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Structural Analysis/Evaluation MAESTRO

Ability to align stress vectors in a uniform
direction when recovering stress in a given ax

5.64E+003

/top/s2 midbody/m1 fr 25-49)|

strake 16,Quad,Sec 1 1E+003
Thickness=0.5 (in)
FeTag=2128
AngieS0.00 5E+003
Stresses Mid(lbffin~2):
SigX = 5.2000E+002
SigY = 6.6591E+000 BE+003
Tau =613.962
SigvM= 1.4040E+003
Corner Stress:

VML = 1.6070E+003
o VM2 = 1.7398E+003
VM3 = 1.2876E+003
VM4 = 1.1156E+003

SE+002

GE+002

-1.18E+003

-1.94E+003

-2.70E+003

-3.48E+003

-4.21E+003

-4.97E+003

-0.73E

33 MAESTRO 2010 www.maestromarine.com
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Limit State Analysis

A CKS F2NXdzZ I GA2Y 2F a! 9 {ShwStracturalfARaysisianda G |
Designand Ultimate Limit State Design of Ste#llated Structures

A ¢CKSAS O2yaidAidadziS GKS GKS2NBOGAOIFE YI ydz

Ultimate Limit State Design
of Steel-Plated Structures

SHIP STRUCTURAL ANALYSIS AND DESIGN

Jeom Kee Paik ar
Anil Kumar Thayamballi

OWEN F. HUGHES AND JEOM KEE PAIK

34 MAESTRO 2010 www.maestromarine.com



Structural Analysis/Evaluation

MAES TIRL

GLOBAL STRUCTURAL ANALYSIS

il

A

CONSTRUCTION OF THE
FINITE ELEMENT MODEL

SPECIFICATION OF LOADS,
LOAD PARAMETERS,
AND DESIGN WAVES

Calculate Load Effect (Q)

LIMIT STATE ANALYSIS
Calculate Limit Values of
Load Effects (Q,)

®

OPTIMIZATION  |=

FORMULATE CONSTRAINTS
G % BAEQ,

®

®

@ FINITE ELEMENT ANALYSIS
®

®

OBJECTIVE

DESIGN EVALUATION

Constraints satisfied?
Objectives achieved?

35
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‘RESPONSE ANALYSIS I ‘LII\/IIT ANALYSIS I
Q

N

Y QSQLl
T

0% %=9
Partial Safety

Factors
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Evaluation of the limit states is based upon the strength ratio:

gQ
Q

where g=¢, g, g; (Partial Safety Factors)

=T

The strength ratio can vary from zero to infinity, which is not useful
F2NI RNAGAY I 2LWNAYATI I GA2Y S a2 ¢S dza
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