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Overview of the MAESTRO Modeling 
and Analysis Approach 

1 MAESTRO 2010 
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What is MAESTRO? 

Beam Coarse Mesh Full-Ship Detail Full-Ship 
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MAESTRO Approach 

I.  Model Organization 

II.  Importing Geometry 

III.  Creating Modules 

IV.  Loading the Model 

V.  Balancing the Model 

VI.  Solving the Model 

VII. Structural Analysis/Evaluation 
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Model Organization 

Individual modules are joined to 
create the complete model 
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Model Organization 

Module Definitions 
Á Reference/Opposite Ends 

Á Section Spacing/Number 

Á Endpoints 

Á Strakes 

Á Stiffener Layout/Spacing 
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Model Organization 

ÁStiffened Plate Element 
ÁGeometric orthotropic formulation 
ÁRetain critical information for limit 

state analysis 
ÁEasy to change stiffener layout 
ÁIdeal for design space exploration 

(optimization) 
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Model Organization 

ÁRapid Modeling/Modification 
ÁMost elements are associated with sections and lie on 
άǊŀƛƭǊƻŀŘ ǘǊŀŎƪǎέ όŜƴŘǇƻƛƴǘǎύ 
ÁElements are automatically updated when adding, 

deleting, and modifying sections 
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Importing Geometry 

ÁImport *.DXF, *.IDF, or *.GF files 

ÁImport strategic locations, such as module 
reference and opposite end curves 

ÁMAESTRO construction geometry 
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Creating Modules 

Endpoints 
ÁX, Y, Z 

ÁCartesian and Cylindrical 

ÁReference and Opposite 
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Creating Modules 

Á{ǘǊŀƪŜǎΧ 
ÁDŜƴŜǊŀƭΧ 

ÁtƭŀǘƛƴƎΧ 

ÁCǊŀƳŜǎΧ 

ÁDƛǊŘŜǊǎΧ 

Á{ǘƛŦŦŜƴŜǊǎΧ 

Á5ŜƭŜǘƛƻƴǎΧ 
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Creating Modules 

Á !ŘŘƛǘƛƻƴŀƭ ƴƻŘŜǎΧ 

 

Á {ǇǊƛƴƎǎΧ 

 

Á wƻŘǎΧ 

 

Á !ŘŘƛǘƛƻƴŀƭ .ŜŀƳǎΧ 

 

Á ¢ǊƛŀƴƎƭŜǎΧ 

 

Á !ŘŘƛǘƛƻƴŀƭ vǳŀŘǎΧ 

 

Á RSplinesΧ 

 

Á /ƻƳǇƻǳƴŘǎΧ 

 

Á {ǘƛŦŦŜƴŜǊ ƭŀȅƻǳǘΧ 

 

 

Á aŀǘŜǊƛŀƭǎΧ 

 

Á tǊƻǇŜǊǘƛŜǎΧ 

 

Á 5ŜƭŜǘŜΧ 

 

Á vǳƛŎƪ /ǊŜŀǘƛƻƴΧ 
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Creating Modules 

Á Basic Ship Structural Properties 
Á Hull girder properties, e.g. 

Inertias, Cross-sectional Area, 
Neutral Axis, Section Modulus, 
etc., can be recovered from the 
model. 

Á Longitudinal Effectiveness On/Off 
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MAESTRO Approach 
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Loading the Model 

ÁLightship mass distribution 
ÁStructural weight 
ÁWeight distribution 

ÁHydrostatic Loads 
ÁStill water 
ÁWaves 

ÁTank Loads 
ÁCargo Masses 
ÁForces 
ÁMoments 

ÁAccelerations (6 d.o.f.) 
ÁPressure Loads 
ÁBoundary Conditions 
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Loading the Model 

Á Self weight 
Á Scaled Structural 

Weight 
ÁPer Section 
ÁPer Module 
ÁWhole Ship 

ÁWeight 
Distribution 

Á Individual Masses 
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Loading the Model 

Á Hydrostatic loads 
ÁStillwater or Waves 
ÁSinusoidal or Trochoidal 
ÁWavelength 
ÁAmplitude 
ÁPhase 
ÁTrim and Heel 
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Loading the Model 

ÁTank Loads 
ÁSpecified Density 

ÁPercent Filled 

ÁSpecified Mass 

ÁSpecified Head 

ÁTank Table 
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Loading the Model 

Cargo Masses 
ÁMasses distributed evenly among nodes or plate elements 
ÁEngines  

ÁSonar 

ÁDeck Loads 
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Loading the Model 

Accelerations 
Á Translational and Rotational Acceleration (With/Without Gravity) 

Á About Center of Gravity 

Á About Center of Flotation 

Á About Arbitrary Point 

Á This provides the inertial loads for all masses (lightship and cargo) 
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Loading the Model 

Pressure Loads 

ÁPressures can be constant or varying across panels 

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

ÁHydrodynamic Loading 



www.maestromarine.com MAESTRO 2010 24 

Loading the Model 

Boundary Conditions 
Á Restraints 

Á Normal, 6 d.o.f. rigid body 
motion 

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

Á Other BCs (External Loads) 
Á Vertical/Horizontal BM and 

Shear Force 

Á Torsional Moment 
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Balancing the Model 

Balance Results 
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Solving the Model 

ÁSolvers 
ÁSparse 
ÁIterative 
ÁSkyline 

ÁBeam Theory 
ÁEccentric Beam 
ÁHybrid Beam 

ÁFailure Mode Evaluation 
ÁMAESTRO 
ÁULSAP 

ÁFine Mesh Models 
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Structural Analysis/Evaluation 

ÁBare Plate ÁBeam 

ÁStiffened Panel ÁRod 

ÁAxial Stress 

Element Stress Results 
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Structural Analysis/Evaluation 

Á Stresses are reported in the GUI; results can be queried and echoed to the output window 

Á Stress results can also be exported to Excel, a text file, or the grid 
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Structural Analysis/Evaluation 

The structural response analysis 
provides stress and displacement 
results for the entire vessel 
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Structural Analysis/Evaluation 

Ability to align stress vectors in a uniform 
direction when recovering stress in a given axis 
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Structural Analysis/Evaluation 

Limit State Analysis 
Â ¢ƘŜ ŦƻǊƳǳƭŀǘƛƻƴ ƻŦ a!9{¢whΩǎ ƭƛƳƛǘ ǎǘŀǘŜǎ ƛǎ ŎƻǾŜǊŜŘ ƛƴ Ship Structural Analysis and 

Design and Ultimate Limit State Design of Steel-Plated Structures 

Â ¢ƘŜǎŜ ŎƻƴǎǘƛǘǳǘŜ ǘƘŜ ǘƘŜƻǊŜǘƛŎŀƭ Ƴŀƴǳŀƭ ŦƻǊ a!9{¢whΩǎ ƭƛƳƛǘ ǎǘŀǘŜ 
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Structural Analysis/Evaluation 

1 
CONSTRUCTION OF THE  
FINITE ELEMENT MODEL  

FINITE ELEMENT ANALYSIS  
Calculate Load Effect (Q)  

LIMIT STATE ANALYSIS  
Calculate Limit Values of  

Load Effects (QL) 

OPTIMIZATION  OBJECTIVE 

DESIGN EVALUATION  
Constraints satisfied?  
Objectives achieved?  

2 

3 

4 

5 

6 

SPECIFICATION OF LOADS,  
LOAD PARAMETERS,  
AND DESIGN WAVES  

FORMULATE CONSTRAINTS  

g1  g2  g3 Q ¢ QL 
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Structural Analysis/Evaluation 

RESPONSE ANALYSIS  

Q 

LIMIT ANALYSIS  

Q L 

Partial Safety  
Factors 

 g1 g2 g3 = g 
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Structural Analysis/Evaluation 

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

 g Q 

QL  
= r 

 where g = g1 g2 g3 (Partial Safety Factors) 

The strength ratio can vary from zero to infinity, which is not useful 
ŦƻǊ ŘǊƛǾƛƴƎ ƻǇǘƛƳƛȊŀǘƛƻƴΣ ǎƻ ǿŜ ǳǎŜ ŀƴ άŀŘŜǉǳŀŎȅ ǇŀǊŀƳŜǘŜǊέΧ 


