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Overview of the MAESTRO System
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Historical Highlights MAESTRU |

A EarlyStages of Development and Fielding
A Professor Owen Hughes conceived and developed MAESTRO
A Wrote and published (Wylie/SNAME) textbook Ship Structural Design
A 1982¢ 1983 Began moving MAESTRO into user community

A Initial Cycle of Distribution, 1988 1989
A Navies: United States, The Netherlands, The United Kingdom
A Commercial design organizations

A Middle Period of Distribution, 1996 1999

Naviesg total of 16 including Canada, Australia, Germany

Ship Classification Societiegdmerican Bureau of Shipping, Lloyds Register,
BureauVeritas China Class, Croatian Register of Shipping

Commercial User Bageexpanded to 4660 companies
University Licenses20+ universities worldwide

> D>

A Recent Highlights, 20002010

A Continued distribution throughout commercigdustry
A Establishedinks with ProfessaleomPaik and ALPS limit states analyses
A Expanded to handle larger models, faster, with improved solvers
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What is MAESTRO?
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Rationallybased Structural Design  MALS VIS |

GRSaA3Iy RANBOGtE |yR SyidANBf dbaget methéds & gtruciuialNIiz
analysis and optimization to achieve an optimum structure based on a desiglaeted measure of
YSNR (0 o¢

@ CONSTRUCTION OF THE
FINITE ELEMENT MODEL

SPECIFICATION OF LOADS,
LOAD PARAMETERS,
AND DESIGN WAVES

Calculate Load Effect (Q)

LIMIT STATE ANATLYSIS

@

() [ FNITE BLENENT ANALvSIS
®

®

Calculate Limit Valuesof |= OPTIMIZATION |- OBJECTIVE
Load Effects (Qy)
!
FORMULATE CONSTRAINTS DESIGN EVALUATION
= —| Constraints satisfied?
1 213Q=Q Objectives achieved?
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GLOBAL STRUCTURAL ANALYSIS

Main Capabilities MAES TR |

MAESTRO is a complete ship structural design system.

Global Design Analysis Local Design Analysis
A Rapid Structural Modeling A Integrated Coarse Mesh/Fine
A Shipbased Loading mesh Analysis
A Finite Element Analysis A 31 Party Import/Export
A Structural Failure Evaluation | A Automated Global BCs
A Structural Scantling 3rd Party Data Exchange

Optimization A Hydrodynamic Load Interface
A Hull Girder Ultimate Strength yarody

A Import/Export Nastran Data
A Natural Frequency
. A Geometry Import

A Corrosion
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Coarse Mesh Full-Ship

<

Detail Full-Ship
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Structural Modeling MAESTRUO|

A Ship hull consists of a series of segments: cargo holds, compartments

A FEMs are large and complex, and construction should be done in a carefully planne
levels and sequences

A Modulesare helpful as they are ideal higével building blocks
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(# of stiffeners)

(n) = Strake no.

Modeling Components
A Reference/Opposite Ends n = Endpoint no.

Section Spacing/Number 1 SaEta Ho:
Endpoints

Frames, Girders, & Strakes
Stiffener Layout/Spacing
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Ship Hull Girder Properties MAESTRU

Basic Ship Structural Properties

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

A Longitudinal Effectiveness On/Off

> I

Moment of Inertia ;’j;;jl

Neutral Axis
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Ship Based Loading MAES TR |

A Lightship mass distribution
A Structural weight
A Weight distribution

A Hydrostatic Loads

A Still water

A Waves

Tank Loads

External bending moment and
shear force

Cargo Masses
A Forces
A Moments

Accelerations (@l.0.f)
Pressure Loads
Mass/Inertia Based Loads
Hydrodynamic Loads
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Shipbased Loading
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Finite Element Analysis MAESTIRD

Obtain the stresses throughout the e
model for all defined load cases. sueaw
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1] /finemesh/general group 001]
49

[ Thickness=0.014 (m)
FeTag=10897
IN/m~2):
SigX = 1.5291E+006
SigY = 1.0114E+006
Tau = -2.2956E+006
SigVM= 4.1980E+006
Corner Stress:

VM1 = 4.2676E+006

VM2 = 3.5955E+006
VM3 = 4.2517E+006
VM4 = 4.8123E+006
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Evaluate the entire ship for all of th
different possible failure modes for
each load case.

Evaluation Types & = —=m .
A MAESTRO | |
A ALPS/ULSAP
A ALPS/HULL
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Structural Failure Evaluation (Limit Stategfies! 55

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
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Structural Failure Evaluation (Limit Stat@@@ggﬂ@@
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A Evaluation is automaticall structural members are
evaluated to the factors of safety chosen by the user

A Different factors of safety can be specified for all ‘
aO2fttLJASeE ftAYAG adlasa Iyl
states, or specified on a limit stat®/-limit state basis.

A In addition to the strakes, frames, and girders which

receivefull evaluation..

A Additionalpanels, triangles, and additional beams receive liméealuation
A Strutsand pillars are evaluated for Eulenckling

A Evaluation Patches

MAESTRO 2010 www.maestromarine.com



Structural Failure Evaluation (Limit Stategfles/ IsE &
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A MAESTRO Adequacy Parameteré. ALPS/ULSAP Adequacy Parameter:

All Load Cases

Minimum Value (Plate)

PCSF (Collapse, Stiffener Flexure)

PCCB (Colapse, Combined Bucking)
PCMY (Collapse, Membrane Yield)

PCSB (Collapse, Stiffener Buckiing))

PYTF (Yield, Tension in Flange)

PYTP (Yield, Tension in Plate)

PYCF (Yield, Compression in Flange)

PYCP (Yield, Compression in Plate)

PSPBT (Serviceabiity, Plate Bending Tran.)
PSPBL (Serviceabiiity, Plate Bending Long.)
PFLB (Failure, Local Buckling)

Mimimum Value (Beam)

GCT (Tripping)

GCCF (Collapse, Compression in Flange)
GCCP (Collapse, Compression in Plate)
G[F]YCF (Yield, Compression in Flange)
G[F]YCP (¥Yield, Compression in Plate)
G[F]YTF (Yield, Tension in Flange)
G[F]YTP (Yield, Tension in Plate)

FCPH (Collapse, Plastic Hinge)

Minimum Value (All)
- (Negative)
+ (Positive)
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MAESTRO 2010

All Load Cases

Minimum Value (Plate)

PCPM (Plate induced failure at Midspan)
PCCB (Overal Grilage Collapse)

PCPE (Plate induced failure at Panel Edges)
PCSB (Stiffener induced failure-tripping)
PCWB (Panel Colapse Web Buckiing)

PYM (Yield in Mid-Plane)

PYF (Yield in Flange)

PYP (Yield in Plate)

Mimimum Value (Beam)

BCT (Tripping)

BYC (Gross Yielding)

BCWB (Web Buckling)

BCC (Collapse, Beam-Column)

FCPH (Collapse, Plastic Hinge)

Minimum Value (All)
- (Negative)
+ (Positive)

www.maestromarine.com



Structural Failure Evaluation (Limit Stategflesl! Is&)

A Automatic Evaluation Patch (Panel) Generation

A A patch is a collection of elements with its boundary supported by
bulkheads obeams.
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A Collectplate and beam elements
A Automatic (or Manual) Evaluation Patch Generation
A Represents the stiffened panels and correct panel parameters
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Hull Girder Ultimate Strength MAESTRU |

A ALPS/HULL, 2D (available now)
A ALPS/HULL, 3D (near term implementation)
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Optimization
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Uses sequential linear programing (SLIF

Optimization eliminates any structural
iInadequacies

While achieving usespecified objectives

A
A

Least Weight
Least Cost

A Weighted combination
Rationallybased Design Process
(Optimization)
A Iteratesstructure through design cycles to

A

> >

>

revise scantlings

Cost Units

Rerunsthe finite element analysis
Reevaluatesthe structural adequacy of each

member for all failure modes and load cases ¢ { [ Lt H

Process continues unit the structure has
convergedto an optimum design that has no

structural inadequacies

MAESTRO Academic Conference 2010
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A Initial Scantlings
14000

12000

10000
[~

.'$'i.-.-..h.’-'--'m.m-...ol

8000

6000

4000 [ ==

00 1 2 3 4 5 & 7 8 -] 10 11 12

Cycles

Aa lofS G2 a:
a large number of constraints of various
types and in which the objective may be
any userspecified nodinear function of
0KS RS&aA3AY Gl NAIlo6f S

www.maestromarine.com



Rationallybased Structural Design
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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,)

SHIP STRUCTURAL ANALYSIS AND DESIGN

OPTIMIZATION

FORMULATE CONSTRAINTS
G % BAEQ,

®

®

@ FINITE ELEMENT ANALYSIS
®

®

OBJECTIVE

DESIGN EVALUATION

20

>| Constraints satisfied?
Objectives achieved?
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Fine Mesh Analysis
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Fully integrated fine mesh modeling and
analysis capability. Ability to import
FEMAP/NASTRAN detailed models.

MAESTRO 2010
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Fine Mesh Analysis MAES TRY

A MAESTRO Embedded Analysis

A Integrated local models into the global model
throughRsplineslements

A Solve coarse mesh model and fine mesh mode

A MAESTRO Tdpown Analysis

A Multiple models in a region

A (1) solve coarse mesh model, (2) impose coars
mesh model nodal displacements as boundary
conditions, (3) solve fine mesh models

A 39 Party TopDown Analysis
A Export fine mesh models with boundary conditic

TRE TS TTLAETIN RTREITY
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Natural Frequency Analysis MAES TR

Perform a natural frequency analysis
with or without added mass

JabType
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Corrosion MAESTRUO &

GLOBAL STRUCTURAL ANALYSIS
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A Corrosion is defined as an additive property to the original structure
A Associated via hoad Case
A Net thickness is automatically used in FEA and Limit State Analysis

C:\Maestro8 1 \MaestroData\ Eval\DD10C-seated-final. mdl - Flagship MAESTRO 8.7.0 WIP

Fe EdR Vew Pats Modd Constant Load Hul ReSUE Hep
D ¢ o €pdz/+DETDER 94

BERERRppbrEREEEE

Bk &®bhe a9

=] Hams  [Seud,sen 108 - e

General | Mass | PointFores | Pressure | Batanca Conosion

o1~ top deck =

D | Group Name Percentage. + Full Sirake Full Comgaund
1- top deck Modue Name Type Wethod
-adeck evel Ropisubl/med 1.- mon balst section | Quad % Corroded
machnery deck Jtop/subl/med 1 - mai balest section | Quad 3 % Coroded
 deck level /topisubl/med 1.- main balest section | Quad 3 % Comoded

d deck lewel Jtop/subl/med 1- man balist section | Quad | % Commaded
sl shel above machy deck « Jtopisubimed 1 - main balest secton | strake-Quar % Corroded
- side shel machy deck o conarete Jrop/subi/mad 1 - man bakst secton | strake-Quad | 104 | % Comoded
bulkheads fr 21 /topisublmed 1 - main balst section | strake-uad_| 10 % Corroded
et son 1~ man balsst secton | swske-uad | 205 | % Cormoded
Modh | DelPow Jtop/subljmod 1 - main balst section | strake-Guad % Corroded

Jtop/subl/med 1 - man balsst secton | strake-Quad | % Cormoded

ftop/sub1/maod 1 - main balast section | strake-Quad 0 % Comoded

¥2 Pas Tree [V Groupa|

Lclr:\'rnlm  meny or binclion

Command  Oupet

HPY: 11.38,-10.05,-31.94 _ iblin |- fto
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3 Party Data Exchange MAESTRE |

A Hydrodynamic Code Interface, such as
PreCalWamit, VERES, Lamp, Mora, etc.



