’) T LIEGE CENTRALE

Advanced Deswgﬂ {» université NANTES

Zachodniopomorski
Uniwersytet
Technologiczny
w Szczecinie

Structural Optimisation of Midship Region for
Ro-Pax Vessel in Early Design Stage using FEA

CHAKKALAKKAL JOSEPH Jose Mishael

Master Thesis

presented in partial fulfillment
of the requirements for the double degree:
“Advanced Master in Naval Architecture” conferred by University of Liege
"Master of Sciences in Applied Mechanics, specialization in Hydrodynamics,
Energetics and Propulsion” conferred by Ecole Centrale de Nantes

developed at West Pomeranian University of Technology, Szczecin
in the framework of the

“EMSHIP”
Erasmus Mundus Master Course
in “Integrated Advanced Ship Design”

Ref. 159652-1-2009-1-BE-ERA MUNDUS-EMMC

Supervisor : Prof. Zbigniew Sekulski

West Pomeranian University of Technology, Szczecin
Internship Supervisor : Mr. Abbas Bayatfar

Research Engineer, ANAST, University of Liege, Belgium

Reviewer : Prof. Philippe Rigo, University of Liege, Belgium

Szczecin, February 2019

w ¥ LIEGE cenTRALE  (© ) Unlversitat : i"\‘l’ﬁ Sauthampr
:ql' université NANTES ‘é@‘ Rostock Tradilo et Inovatio i \:\m‘i§OLENT







DECLARATION OF AUTHORSHIP

I, Chakkalakkal Joseph Joseph Mishael, declare that this thesis and the work presented in it

are my own and have been generated by me as the result of my own original research.
Where | have consulted the published work of others, this is always clearly attributed.

Where | have quoted from the work of others, the source is always given. With the exception

of such quotations, this thesis is entirely my own work.
I have acknowledged all main sources of help.

Where the thesis is based on work done by myself jointly with others, 1 have made clear

exactly what was done by others and what I have contributed myself.

This thesis contains no material that has been submitted previously, in whole or in part, for

the award of any other academic degree or diploma.

| cede copyright of the thesis in favour of the West Pomeranian University of Technology,

Szczecin, Poland.

Date: 11-01-2019 Signature:






ABSTRACT

Structural Optimisation of Midship Region for Ro-Pax Vessel in Early Design
Stage using FEA

The international shipping industry covers around 90% of the world trade. The bulk
transport of raw materials, affordable import and export of food and manufactured goods
between inter continents won’t be possible without the maritime transport. The requirements
from the maritime industry and the classification societies related with safety, energy
efficiency, environmental protection, etc. force us to look for more efficient and cost effective
technologies. This calls for the development of an integrated multi-disciplinary and -objective
design optimisation platform to be used in early design stage of traditional ship design
process.

The thesis focuses on demonstrating the application of an automated platform for the
structural optimisation of the midship of a typical Ro-Pax vessel in the early stage of ship
design process. It is based on the undergoing researches on the framework of European
Research Council funded project, HOLISHIP (Holistic Optimisation of Ship Design and
Operation for Life Cycle), which focuses on developing innovative holistic design
optimisation methods for European maritime industry. The thesis covers the development of a
parametric model of the midship using commercial finite element software ANSYS® and
which will eventually be used for optimisation using modeFRONTIER® with an aim to
reduce the total weight of the structure. A number of in-house tools/ modules are also
developed and integrated in the automated platform. The study also extended to implement
surrogate models to replace the finite element analysis which allow the customer to reduce the
calculation time.

Keywords: Maritime transport, Ro-Pax vessel, Structural Optimisation, HOLISHIP,

Surrogate models
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NOMENCLATURE

B Stiffened panel width

B1 Breadth of the plate

C Distance from neutral axis

Flexural rigidity of plate

E Modulus of elasticity
P Web height of longitudinal stiffeners
hwy Web height of transverse frames

I Moment of inertia

L Length of stiffened panel

L1 Length of the plate

M Bending moment

My Bending moments per unit length of sections of a plate perpendicular to x axis
My Bending moments per unit length of sections of a plate perpendicular to x axis
Ny Number of the longitudinal stiffeners
Ny Number of the transverse stiffeners

p Pressure

t Plate thickness

T1 Draught

tp Attached plate thickness

twx Thickness of longitudinal stiffeners
twy Thickness of transverse frames

W Stiffened panel weight

Whax Maximum deflection

™ Partial safety factor for material

YR Partial safety factor for resistance

\Y Poisson’s ratio

Pp Density of plate

Psx Longitudinal stiffener density

Psy Transverse frame density

o Bending stress

OMax Maximum stress

OVM Von Mises Stress
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Oxx Stress in X direction

Oyy Stress in Y direction
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1. INTRODUCTION

The advancement in maritime industry for the past few decades are very fast. Each
development proposes new and advanced techniques as well as lot of requirements in order to
achieve the goals. In earlier days the global trade was dominated by shipping industry while
today the concept of shipping industry is entirely changed from cargo trade to pleasure,
research, etc. involving lot of complexity. The growth in the maritime industry requires more
and more advancement to compete with other transportation modes.

One of the challenges in the shipping industry is that the ships are usually built in very
short lead time without any predefined models. Most of the ships are unique in their design
and specifications, especially in case of passenger and Ro-Pax Vessels. This forces us to
consider special care in the production of ships from initial stages of design to the delivery
stage and its entire life cycle. The designs should be flexible to cater various requirements as
well as able to adapt the sustainability issues which are crucial in the present maritime
scenario.

The added complexity in new ships demands practical and flexible support systems
which are quite difficult to implement in the current design strategies. The overlap between
various design phases also limits the flexibility of the existing methods. These complexities
suggest the requirement of a more system based design approach which can address the
inadequacy of the present approaches and allows the designer to integrate various
requirements which may arise in future.

The introduction of new regulations by various maritime organisations and the
fluctuation of fuel price levels force the shipping industry to explore new and cost efficient
designs to achieve economic growth and profits. This also points to the requirements of an
optimum design strategy.

A systematic approach wants to be implemented in the design of ships so that the design
considers the ship as a complex system integrating a variety of subsystems and their
components, all are serving well defined functions. The approach should also capable to
address the whole life-cycle, the design stage, operation and disposal.

An optimal ship in this respect is an outcome of multi-objective and multi-disciplinary
optimisation process which will integrate the entire ship system for its life-cycle.
Mathematically, every element in the life cycle system of a ship itself is a complex non-linear
problem. The ship design optimisation always involve conflicting requirements resulting from
the design constraints and optimisation criteria arising from various stake holders such as ship

“EMSHIP” Erasmus Mundus Master Course, September 2017- February 2019
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owners, builders, classification societies, etc. Usually a ship is need to be optimised for cost
effectiveness, higher safety and comfort of passengers and crew, highest operational
efficiency or lowest required freight rate, satisfactory protection of cargo and the ship itself
and for minimum environmental impact. But many of these requirements are conflicting and
it is difficult to take a decision regarding the optimal ship.

So it is necessary to develop a systematic approach which can handle the various design
requirements and objectives in a holistic way even though they are complex in the case of

ship design.

1.1. HOLISHIP

HOLISHIP (Holistic Optimisation of Ship Design and Operation for Life Cycle) is a
European Research Council funded project which focuses on developing innovative holistic
design optimisation methods for European maritime industry. The project brings together all
stakeholders to improve the design of maritime products by combining the design objectives
of the various disciplines involved. It is a system based approach which considers all the main
design functional requirements, constraints, and performance indicators ®°. This includes
building, transport and operational costs, life cycle cost, environmental impacts, potential loss
of lives for passenger vessels, etc. The main technical and regulatory constraints are
considered at an early design stage by accounting the various system complexities. The
project proposes the development of an integrated design software platform for the entire life
cycle of the maritime product under consideration. The software will be capable to run virtual
testing and demonstration of the product.

HOLISHIP project utilizes advanced Computer Aided Engineering (CAE) capabilities
and integrates techno-economic databases with calculation modules, software tools and
optimisation modules. A virtual model, Virtual Vessel Framework (VVF), for the entire ship
allows the designer to carry out virtual testing prior to the construction and a better evaluation
of design goals at an early design stage; thus, the designer can look for alternate designs if
necessary®.

The HOLISHIP concept results in significant improvements during all life cycle phases
of the product and for various industry players such as design and engineering companies,
shipyards, equipment manufacturers, ship operators, consultants, etc. The benefits proposed

during the different phases of the life cycle for each group are shown in Fig. 1.
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*Reduce the duration of the design process (lead time),

Design improve the designs and satisfy customer needs by
( Yards, Design / Engineering optimisation through exploration of an enlarged
companies, Suppliers ) design space, while controlling the associated costs
and risks.
Production +Optimise the production process in terms of cost and
('Yards, Suppliers) duration.
Operation *Optimise vessel operations and associated cost for
(Owners) varying loading and environmental conditions.

Maintenance

*Reduce the number, duration and cost of interventions

(Owners, Shipyards, and optimise the health monitoring of the vessels.
Suppliers)

Fig. 1 Benefits for each industry group during different phases of the life cycle €9

The project is structured as three main work clusters namely, tool development,
software integration and application cases or demonstrators.

1. Tool development: Methods and software tools will be developed for the individual
design aspects. They will be adapted for the automated use in the HOLISHIP integrated
design platforms for the intended works.

2. Software Integration: Software tools developed in the previous cluster (Cluster 1) will
be integrated into HOLISHIP design platforms and the VVF.

3. Application Cases/ Demonstrators: This cluster is dedicated for the implementation of
integrated software platforms into the design and operation of ship and other maritime

assets. The usage and benefit of the developed frameworks will be demonstrated.

The overall HOLISHIP project structure is shown in Fig. 2 and the detailed description
of the application case cluster is shown in Fig. 3. There are 8 work packages involved in the
project and they are handled by various groups from maritime industry and academic partners

from European Union.
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1.2. Objectives

The thesis is carried out within the framework of HOLISHIP project. The study is
limited to structural optimisation only which comes under work package 4 of HOLISHIP
project. The work package 4 deals with structures, materials and production. The aim of the
package is to develop tools which can efficiently reduce the lightship weight of commercial
vessels or Ro-Pax vessels in the early stages of design. The requirement from shipyards
building Ro-Pax and passenger vessels indicate that one of their prime technical objectives
during the design process, especially in the pre-contract stage, is to reduce the lightship
weight. This is because at pre-contract stage the use of advanced assessment tools can be
applied effectively.

The thesis focuses on the structural optimisation of a Ro-Pax vessel’s midship region
with an aim to reduce weight. The structural optimisation can be carried out by determining
the optimum scantlings for girders, transverse frames, stiffeners and plates. Finite element
method has been implemented along with suitable optimisation technique. The optimised
scantlings will result in least weight for the midship region, which can be extended to obtain
total structural weight.

The main objectives of the thesis are the following;

e Development of a finite element model of the midship region of Ro-Pax vessel in
parametric manner using ANSYS® APDL scripts

e Determination of the loading cases and the boundary conditions based on a
classification society rules

e Performing the linear structural analyses for the load cases identified earlier along with
the computation of structural weight and centre of gravity

e Validation of the applicability of surrogate models to replace the finite element analysis
phase in optimisation for large number of design variable problems

o Integration of the finite element model of Ro-Pax midship and optimisation platform,
modeFRONTIER®, to create an automated tool for optimisation

e Determination of the optimum scantlings and thereby the minimum weight of the
structure.

e Developing a response surface (surrogate model) from the optimised solutions and
replacing the finite element package to reduce the calculation time.

Successfully achieving the objectives result a better way to approach the design stage of

ships and offshore structure with multiple requirements. The optimised response surface can
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be extended to other kinds of ships also with slight modifications thereby reducing the lead

time and design costs.

1.3. Methodology

The thesis is based on the work carried out during the internship at University of Liege,
Belgium. The aim is to create a fully automatic process which establishes an optimisation
workflow with the integration of finite element method, using ANSYS®, and optimiser
tool, modeFRONTIER®, so that there won’t be any manual involvement on the graphical
user interface.

The approach is to develop a parametric finite element model of the midship region
using ANSYS® APDL. The development will be capable to handle the changes in the
structural design parameters such as plate thickness, stiffener spacing, etc. and perform linear
structural analysis for load cases like hull girder bending moment and pressure on hull. The
load cases and the boundary conditions are identified from a classification society rule, which
is the reference for the rule based design. The model should be able to provide the weight of
the structure and the position of vertical centre of gravity.

Bureau Veritas (BV) is one of the partner industries for the HOLISHIP project and their
rules for the structural assessment of passenger ships and Ro-Ro passenger ships are
employed in the finite element analysis.

The modeFRONTIER® will be set up and communicates with the parametric finite
element model in a fully automatic way with an aim to evaluate the objective function which
is structural weight with constraints like yield strength, ultimate strength, etc. The algorithm
employed for optimisation iterates the design variables (scantlings for the midship region such
as plate thickness, stiffener spacing and stiffener geometry) and provide the optimum solution
regarding to structural weight minimisation (single objective optimisation).

Surrogate models are established using the results from the optimisation. Polynomial
response surface, one of the most popular surrogate models, is generated. A large number of
iterations have to be carried out in the platform in order to obtain a good response surface.
The response surface must be capable to represent the contribution of each quantity accurately
so that the process time can be reduced significantly. The idea is to replace the finite element
analysis tool with the response surface to reduce simulation time and thereby reducing the

total calculation cost.
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The various steps involved in the work flow for the internship and thesis are shown in
Fig. 4 which is an extension of the work done in the framework of BESST®Y EU Project

(Bayatfar et al., 2013)

Response Surface
(R Tool)

[ Optimum Design }

o

Platform for
Optimisation
(modeFRONTIER)

Objective Functions and

Constratnts Design Variables

FEM Model CAD Model
(ANSYS APDL) (AVEVA Marine)

ﬁ Idealised CAD Model

(AVEVA Marine)

Loads and Boundary
Conditions
(BV Rules)

Fig. 4 Methodology Description Diagram

1.4. Software/ Tools

Brief descriptions of software used in the work are given below.

e ANSYS® APDL

ANSYS®¥ is a general purpose finite element modeling package developed by Swanson
Analysis System, Inc. for solving a wide variety of engineering problems numerically. The
use of ANSYS® spread across various disciplines such as structural, fluid dynamics,
vibration, heat transfer, acoustic, electro-static, electro-magnetic etc. Finite element solution

procedure is usually divided into three phases; Preprocessing, Solution and Post-processing.
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APDL is the acronym of ANSYS® Parametric Design Language which is also a part of
ANSYS® package. Mechanical APDL allows the user to automate the various processes such
as creation of geometry, loads and even post-processing. The software also supports script
coding along with the use of graphical user interface. This feature of the software is used in

the work.

e modeFRONTIER®

The modeFRONTIER® platform is widely used for the process automation and
optimization in the engineering design process. The multi-disciplinary design optimization
software which allows the workflow creation, design space exploration and integration with
third party tools to provide automation of simulation processes 7,

The software uses multi-objective optimisation algorithms to streamline the design
processes and reduce the cost and time by improving the results. It allows the user to choose
strategy of optimisation based on design space boundaries with the required accuracy and
robustness. The platform include advanced algorithms for response surface method based and
direct optimisation such as stochastic, deterministic and heuristic methods for single as well
as multi objective problems. The algorithms can be run in any modes like manual, self-
initialising or fully autonomous. The single objective optimisation feature of the software is
used in the present thesis. The software was developed by Italian company ESTECO SpA in
1999.

e R Tool

R is a language and environment used for statistical computing and graphics (Venables
et al.). R tool provides a wide range of statistical, such as classical statistical tests, linear and
nonlinear modelling, response surface, etc. and graphical techniques. The software’s
capability to develop response surface technique is used for the proposed work.

Response surface technique is basically a mathematical method which correlates several
variables with one or more target variable. This is based on a minimum square approximation
of lot of pre-calculated data or experiments. The method provides a polynomial which
accurately represents the relationship between variables and the target(s). The resulting
polynomial can be used in other computations thereby replacing time consuming and
complicated processes such as FEM and CFD. The method is much better when replacing
experimental data, which is quite complex to process, or replacing FEM or CFD calculation,

which take too much time and power to compute.
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2. LITERATURE REVIEW

The optimisation of ships and maritime structures are quite well studied in the past
decades by many authors. The implementations of response surface methods in various
industries are also available along with its application in shipping industry. A detailed
literature study has been carried out in order to identify the previous works and their
advantages and disadvantages. The study is divided in to two sections; Structural

Optimisation and Response Surface Method as surrogate model.

2.1. Structural Optimisation of Ships and Offshore Structures

Zanic et al. (1998, 2001) describe the structural optimisation of ships built in Croatia
and Italy. The structural optimisation offers significant savings for ship builders and end users
(ship owners) in terms of decreasing the price and weight of steel required for construction,
increasing the deadweight, providing special class features with classification societies
regarding maintenance, etc. The design methodology applied for one first class passenger ship
and two Ro-Pax vessels. SHIPOPT and MAESTRO programs are used for design and
structural analysis of ships. The finite element analysis is carried out on 3D full ship model to
obtain accurate assessment of structural and dynamic responses such as global deformations,
longitudinal stresses at each deck with control of buckling of upper decks, transfer of forces
between lower hull and upper superstructure, local deformation around windows, doors, etc.
Sensitivity analysis for the hull structural weight with varying web frame spacing is also
carried out. There are 264 design variables used and their minimum and maximum limits are
specified. The proposed strategy even allows modifying the main structural components
quickly without losing the structural integrity of the ships.

Boulougouris et al. (2004) propose an optimisation procedure for the improvement of
the existing ship design; the developed method can be used at both the conceptual design
stage as well as the later design stage allowing the designer to obtain an overview of the
design space. Maximisation of ship’s resistance against capsize, expressed by the Attained
Subdivision Index, transport capacity in terms of increased deadweight and garage deck
space, and building cost reduction in terms of structural steel weight reduction are the
objectives considered for the optimisation. Various case studies are carried out by
implementing Multi-Objective Genetic Algorithm (MOGA) where as the last case study used
MOGA with additive utility functions (UTA). The size of the initial population is a significant

parameter in the optimisation procedure in terms of computational cost.
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Rigo (2005) presents the theory implemented in the LBR5 software, the analysis and
optimisation software for orthotropic structures and sea water. The software is also applied to
scantling optimisation of ship structures (Rigo, 2001, 2003). It uses an analytical method
based on the differential equations of stiffened plates to compute the overall response of the
hull structure.

Klanac and Jelovica (2007) explain a model coupled by vectorization and genetic
algorithms for omni-optimisation. The omni-optimisation assumes the capability to perform
any kind of problems such as single and multi-objective optimisation using single
optimisation algorithm or omni-optimiser. The paper describes the application of omni-
optimisation on a fast ferry’s mid-ship structure for the minimum weight and vertical centre
of gravity. The optimisation focused on multiple constraints based on structural and technical
aspects. The objectives are optimised concurrently as well as independently also. There is
around 10% reduction in weight and 6.5% in vertical centre of gravity resulted with the
implementation omni-optimisation. But the algorithms are not suitable for ship structural
design problems involving overall ship structure, which are problems resulting thousands of
constraints.

Skoupas and Zaraphonitis (2008) discuss the development of a method for the
preliminary design and optimisation of high speed mono hull Ro-Pax vessels. The model is
created based on selected design parameters and macros are used to generate hull form,
structure and internal layout. The structural design is performed using NAPA software and
scripts are utilised for the calculation of plate thickness and the cross sectional characteristics
of primary and secondary stiffeners. The final structural scantlings are defined by considering
the various load cases and carrying out structural analysis based on DNV rules. The created
parametric model linked to modeFRONTIER® for implementing multi objective optimisation
using Genetic Algorithms at a later stage. The optimisation of a large and a small vessel are
carried out to confirm the applicability of the developed parametric model.

Papanikolaou (2009) points out the importance of holistic concept of optimisation in
ship design to simplify the different stages in its life cycle. The method describes the standard
ship design optimisation problems and provides solutions with the use of advanced multi
objective optimisation methods. The concept proposes improved and modern designs with
increased safety and endurance, capability to carry more cargo, reduced engine power
requirements, less pollution and thereby improved protection for environment. The developed
tool is useful for the design of hull form development for high speed crafts and for the internal

subdivision of Ro-Ro passenger vessels for improved safety and efficiency.
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Sekulski (2009) proposes a computer code to investigate the possibility of multi
objective optimisation for hull structural scantling, which is a key parameter in the weight
reduction. The method uses genetic algorithm to optimise the scantlings of the ship hull. Main
consideration is given to topology and structural elements in the large spatial section of ship.
A high speed vehicle - passenger catamaran’s structural weight minimisation is carried out by
considering several design variables like plate thickness, stiffener and frame spacing, etc. The
numerical results imply that the application of genetic algorithm is an efficient tool for
simultaneous optimisation of topology and structural sizing of high speed ships.

Papanikolaou et al. (2010) present a methodology for the holistic design of conventional
Ro-Ro Passenger ships. Parametric design tools are developed with commercial software,
NAPA and coupled with multi objective optimisation software, modeFRONTIER®, to create
an integrated ship design platform. The integrated platform is capable to explore the design
space and providing optimal designs in an efficient and rational way. The objective function
considered was Net Present Value (NPV), which involves many factors like building cost,
operational costs and annual revenues. The methodology was implemented for a series of Ro-
Pax vessels and found quite useful in conceptual design stage.

An integrated platform for the design and optimisation of ship design process in early
stages is developed by Papanikolaou et al. (2011). The methodology applied for an Aframax
tanker design for Caribbean trade with an aim to reduce Oil Outflow Index (OOQIl), lower
Energy Efficiency Design Index (EEDI) and lower Required Freight Rates (RFR). The
approach is able to handle various aspects of ship design in a holistic way. Even the
challenging CFD simulations are implemented by the authors using response surface methods
effectively. The developed response surfaces will reduces the complexities in the CFD
simulations and thereby reducing the time required for the long computations.

Kitamura et al. (2011b) describe the structural optimisation of double bottom bulk
carrier in its initial design stage using finite element method. The design variables include
five geometric dimensions and thirty-one plate thicknesses defining shape and size of the
bottom structure respectively. The yield stress and the buckling stress are considered as the
constraints with minimisation of weight as objective function. The sensitivity analysis and the
equation approximating the stress developed (Kitamura et al. 2011a) are used as the finite
element analysis requires high computational effort. The optimisation procedure carried out
with five combinations of the design variables and the constraints and their results are

compared. The simultaneous use of design variables defining shape and size of the bottom
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structure make the space of the structural optimization larger and improve the quality of
structural design. Genetic Algorithm (GA) employed for the optimisation.

Fu et al. (2012) develop a modified collaborative optimisation (CO) model suited for
optimisation of ship design phases. The model is implemented for the multi-objective
optimisation of a 3100TEU container ship structure to obtain minimum structural mass in the
static analysis and to minimise maximum acceleration of structure in the dynamic analysis.
The optimisation technique used is a variant of Simulated Annealing (SA) algorithm called
Adaptive Simulated Annealing (ASA) in which the parameters that control temperature
schedule and random step selection are automatically adjusted as the algorithm progresses
allowing the algorithm more efficient and less sensitive to user defined parameters than
standard simulated annealing.

Sun and Wang (2012) introduce a hybrid process of modelling and optimisation to
reduce the large time cost in structural optimisation of ships. Support Vector Machine (SVM),
a statistical learning theory rooted technique specialised in studying the situations with a
small number of samples, used in combination with genetic algorithm for the optimisation of
structural scantlings from the mid-ship of a very large crude carrier (VLCC) under the direct
strength assessment. There are thirty five design variables considered including the plate
thicknesses and beam dimensions. The constraints are the yield utilisation factors defined in
common structural rules (CSR) and five load cases considered in the analysis with an
objective to reduce the mass of the structure. A comparison is also made between the SVM
and radial basis function network (RBFN), a typical artificial neural network (ANN). The
former one shows strong ability to simulate real analyzing code with high accuracy and
outstanding performance of generalization compared with the latter one.

Sekulski (2013) proposes an evolutionary algorithm for multi objective optimisation of
structural elements in the large spatial sections of ship hulls based on fitness function
comprising few selection criteria. The example presented for the application of developed
algorithm is the structure of a fast passenger vehicle ferry. There are 37 design variables
considered and a well defined, single valued and having real, positive integer values,
objective function is used as the fitness function.

Cui and Wang (2013) present the application of knowledge based engineering on the
structural design and optimisation of container ship cargo tank. Ship design is a complicated
multi-disciplinary task in which the knowledge based engineering can be implemented to
reduce the design errors, mistakes and reduce design cycle significantly. Knowledge based

system acquires knowledge from design experts, design standards and rules, successful
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precedents, etc. Multi-Island Genetic Algorithm (MIGA) employed for the structural
optimisation with an aim to reduce the weight of the ship cargo tank. Both design rule method
and interpolation method are employed. The use of design rule method provides more
economical advantage than interpolation method where as interpolation method provides
design solutions with better reliability than former one. The relevant knowledge are
automatically distracted from the knowledge base and executed together with the knowledge
reasoning technique during the new ship structures design process.

Ji and Wang (2013) present a methodology to carryout multi objective optimisation for
ultimate strength of ship hulls under multiple load cases. The stiffness analysis using the
linear finite element analysis employed instead of the non linear finite element analysis based
on ultimate strength since the latter requires more time. The assumption is that the ultimate
strength will be optimised as long as stiffness optimised. Kriging approximation model based
Latin Hypercube Sampling and Multi Island Genetic Algorithm employed for the stiffness
optimization. The load cases considered includes sagging, hogging, horizontal bending and
torsion. The methodology applied on the hull of a chemical tanker with an aim to maximise
the vertical, horizontal bending and torsion simultaneously. The weight of the ship hull
remains the same as initial design is the constraint for the optimisation. There is a noticeable
increase in the ultimate strength after optimisation compared to the initial design.

Priftis et al. (2016) describe a methodology for the parametric design and optimisation
of a midsized containership (6,500 TEU) using modern features such as computer aided
design and computer aided engineering (CAD /CAE) in the conceptual stage of ship design
with short lead time. A parametric model representing all the internal and external structural
components of the ship and codes to determine the necessary design constraints and
effectiveness indicators are included in the model. The paper explains the advantages of using
modern optimisation techniques in shipbuilding industry by developing an efficient model
capable to handle multi-objectives, structural design, operation and economy. The non-
dominated sorting genetic algorithm Il (NSGA-II) utilised to carry out the optimisation. The
implementation of the parametric models in the early ship design stage will result in
numerous benefits to ship builders and ship owners. The method can also be applied to other
containerships sizes and ship types (Koutroukis et al., 2013).

Lee et al. (2017) confirms the applicability of multi objective optimisation techniques in
the design of derrick structures considering their structural efficiency. The developed
appropriate meta-model of maritime systems compared with the fitted models created with

Neuro-Response Surface Method (NRSM). The prediction errors are high for complicated
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non-linear problems which is the case for ships. The proposed methodology is capable to use

as an engineering design optimisation tool in the early stages of design.

2.2. Response Surface Method

Surrogate model or metamodel is an engineering method, which can be used to
approximate multivariate input - output behaviour of complex systems based on a limited set
of computational simulations. Surrogate models represent the underlying simulation system as
closely as possible while being computationally cheaper to evaluate. They can be used for
design optimisation, design space exploration, parametric studies, etc. One of the most
popular surrogate models is polynomial response surfaces.

Response Surface Methodology (RSM) is a set of mathematical and statistical
techniques for building empirical models which can be used for exploring optimum
conditions through experiments. Originally the response surface method was developed to
model experimental responses (Box and Draper, 1987). Later the method starts to use for the
modelling of numerical experiments. The difference between the two is in the type of error
generated by the response. Inaccuracy in physical experiments arises due to measuring errors
whereas in computer experiments, it is due to numerical errors (as a result of incomplete
convergence of iterative processes), round off errors or the discretisation of continuous
physical phenomena (Giunta et al., 1996; Toropov et al., 1996; Van Campen et al., 1990). The
errors are assumed to be random in RSM.

The application of RSM to design optimization is aimed at reducing the cost of
expensive analysis methods like finite element method or CFD analysis and their associated
numerical errors. The problem can be approximated with smooth functions (polynomials) that
improve the convergence of the optimization process. Venter et al. (1996) discuss the
advantages of using RSM for design optimization applications. The use of accurate response
surfaces in structural optimisation help to overcome the noise and software integration
problems associated with traditional multi-disciplinary optimisation approach. The
optimisation process carried out with response surface is computationally inexpensive and
resulted in an optimum solution. The solution exhibits excellent correlation with finite
element results also.

Response Surface Method (RSM) is used as performance prediction method in many
engineering optimisation problems (Hong et al., 2000). RSM is an approximate optimisation
method which gives the best relationship between design and target variables using
polynomial regression techniques. Experimental design and the determination of response
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function are the key problems in response surface method (Yu et al., 2002). The method is

shown in Fig. 5 (Myers and Montgomery, 1995).

Prediction Method /
Approximation Model

Input (Design Variables) > Output (Target Variables) >

Fig. 5 Response Surface Method (RSM)

The optimisation of transverse bulkhead structure of a crude oil tanker shows that the
response surface method is a powerful tool to obtain an optimal design by rationally reducing
structural response analyses (Arai and Shimizu, 2001). It is necessary to consider the
construction cost in addition to the structural weight for bulkhead optimisation problems to
get optimum design similar to the actual design.

Yu et al. (2002) proposes a stepwise response surface approach for the reliability
analysis of ship structure. The stepwise regression technique is employed for the development
of response surface. The results obtained with sensitivity analysis using RSM are quite
acceptable than the ones’ with conventional reliability analysis methods such as first order,
second order reliability method, etc. A double bottom hull is analysed with the proposed
method. The behaviour of large and complex structural systems can be represented by using
an appropriate response surface function, which utilises the advantages of conventional
reliability methods and overcome their drawbacks.

Yang and Guo (2008) employ response surface method integrated with genetic
algorithm for the optimisation of Radar Cross Section (RCS) for naval vessels. The RCS of
targets can be reduced by means of various methods such as target shaping, distributed,
discrete, active loading, etc. The reduction in RCS improves the stealth performance of
vessels. The optimisation is carried out in shaping design in order to reduce the scattering of
electromagnetic signals from ship significantly. The electromagnetic signals are scattered

from the deck plates, mast and chimney, superstructure corners, armaments, etc.
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Characteristic section design method (CSDM) is employed in order to replace the RCS
reduction design since it requires intensive electromagnetic numerical analysis and time. The
complex and sensitive objective function is approximated using a non gradient and simple
polynomial response surface. The results from the computations are verified against the
designs obtained with genetic algorithm.

Gorshy et al. (2009) propose a multi-disciplinary optimisation (MDO) technique for
ship design considering the structure, cargo loads and propulsive power requirement. The
ultimate objective is to reduce the running cost per day of the ship with full load. Latin
Hypercube Sampling (LHS) is adopted for the design space exploration and to select sample
data from the design variables. It is a variance reduction as well as a screening technique for
variables, which highly controls the selection process still allowing them to vary little.
Response surface method is employed to reduce the computation expense and achieve desired
computational precision in the MDO process. Particle Swarm Optimisation (PSO) is used to
obtain the best design scheme from the global design space. The accuracy of the structural
optimisation largely depends on the choice of approximating function with its design space.
The selection of large number of points is usually not cost effective (Roux et al., 1996). The
optimisation is carried out for a 33500 DWT open hatch box shaped bulk carrier ship to
minimise the running cost and found that the method is quite promising. Relatively high
computational expense is the limitation of the proposed approach.

Lee et al. (2014, 2015) explain the importance of the development of an optimised
design tool based on performance of marine systems to use in their initial design stage.
Neuro-Response Surface Method is employed to develop the tool. Back-Propagation Neural
Network (BPN) is used for generating design space and Non-dominated Sorting Genetic
Algorithm 1l (NSGA-II) is utilised for the optimisation. The developed framework
successfully implemented for the case study of 5SMW wind turbine and ultimate strength of
ship stiffened panels. Commercial software AQWA and ANSYS® APDL are used for
analysing the results of developed tool for hydrodynamic and structural performances.

Shi et al. (2015) demonstrate the efficiency and usefulness of reliability analysis using
Kriging response surfaces for ship stiffened plates with initial imperfections. The structural
reliability analysis requires multiple evaluations of the limit state functions (LSFs) for various
random variables. The approach uses Kriging interpolation models as surrogates of nonlinear
LSFs and estimates the failure probability with first order reliability method (FORM) using
the classical second order polynomial regressions. The method considers 10 design variables

for the stiffened plate reliability example and the approach is efficient in the evaluation of
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ultimate strength by nonlinear FEA in terms of less number of evaluations required compared
to the conventional analysis.

Yang et al. (2015) propose a methodology for the structural reliability analysis of the
composite structures using RSM in conjunction with nonlinear FEA. The approach uses
response surface as the limit state instead of the complicated limit state surface of the model.
The in-house program, GLAREL, used for generating the response surface including the
linear, square and cross terms and ANSYS® used for FE analysis. The method suggests a
reliability based design code for partial safety factors which can be used in design for certain
target reliability level.

Parametric structural design optimisation in conceptual design phase is a promising
approach which combines the weight reduction, efficiency and safety. Andrade et al. (2017)
illustrate the application of design of experiments with RSM and FEA for the parametric
optimisation of a platform supply vessel. The results suggest that the method is a reliable one

in the early stages of design even in the case of other ship types.

2.3. Comments

Large numbers of literatures are available in the field of ship structural optimisation
using finite element method. But the application of the finite element method consumes lot of
time. It is important to reduce the computational time especially in the early stages of ship
design optimisation. The advantages of optimising the structure won’t be available if the
optimisation process consumes lot of time. The application of surrogate models such as
response surface method to replace the finite element method is a possible solution to reduce

the computation time.
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3. OPTIMISATION OF STIFFENED PANEL

Stiffened panels can be considered as the basic structural elements or the building
blocks in ships and many other marine structures. Basically such a panel consists of a plate
reinforced with orthogonal stiffeners and capable to resist and transmit the forces and stresses
throughout the structure. The reinforced plates are also found its application in box girder
bridges, air frames, nuclear power plants, etc. because of their simplicity in fabrication and
excellent strength to weight ratio. The structural properties used for the stiffened panels
depend on their area of applications. For example, plate structures have a higher thickness to
length ratio when they used in ship where as thin walled structures are found in aeronautical
applications. This is achieved by varying the structural parameters of the plate itself or the
geometry and quantity of the stiffeners or the material used. A longitudinally stiffened panel

usually seen in ships is shown in Fig. 6.

Longitudinal girders

Fig. 6 Flat section composed of stiffened panels [5!

The stiffened panels in ships and marine structures are usually subjected to loads normal
to its own plane due to deck loads, cargo loads and water pressure. Due to the overall bending
and twisting of the ship hull girder induce in-plane forces at the boundaries of stiffened gross
panels. The nature of in-plane forces can be tensile, compressive or shear and some of them
can occur simultaneously on all the four boundaries of gross panel (Mansour, 1977). An
estimation of ultimate strength of the stiffened panel plays an important role in safety,

reliability and economics of structural design (Hughes and Paik, 2010).
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One of the important design considerations in ship design is to reduce the dead weight
of the ship. Since the stiffened panels are building blocks for the ship, reduction in the weight
of the stiffened panel, even if it is really small, without losing their structural integrity yields
weight reduction for the entire ship. Any decreases in structural weight will results in cost
reduction and improvement in performance also.

An optimisation process is carried out to get a robust, automatic and efficient design for
the stiffened panels by integrating the commercial software ANSYS® and modeFRONTIER®.
The objective of the stiffened panel optimisation process is to test the codes developed in
ANSYS® APDL and understand the working of ANSYS® and modeFRONTIER® coupled

loop.

3.1. Description of the Stiffened Panel

A stiffened panel from the deck of a car carrier vessel is considered for the analysis (Jia
and Ulfavarson, 2005). The hat shaped stiffeners are replaced with bar stiffeners for
simplifying the problem. The structure is made of AH32 steel. The yield stress of the material
is 315 MPa and modulus of elasticity is 200 GPa. The material has a density of 7800 kg/m?®
a