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Abstract 

The decline of defence budgets coupled with the escalation of warship procurement 

costs have significantly contributed to fleet downsizing in most major western navies 

despite little reduction in overall commitments, resulting in extra capability and 

reliability required per ship. Moreover, the tendency of governments to focus on short-

term strategies and expenditure has meant that those aspects of naval ship design that 

may be difficult to quantify, such as supportability, are often treated as secondary 

issues and allocated insufficient attention in Early Stage Design. To tackle this, 

innovation in both the design process and the development of individual ship designs 

is necessary, especially at the crucial early design stages. Novelty can be achieved 

thanks to major developments in computer technology and in adopting an 

architecturally-orientated approach to early stage ship design. The existing technical 

solutions aimed at addressing supportability largely depend on highly detailed ship 

design information, thus fail to enable rational supportability assessments in the 

Concept Phase. This research therefore aimed at addressing the lack of a quantitative 

supportability evaluation approach applicable to early stage naval ship design. 

Utilising Decision Analysis, Effectiveness Analysis, and Analytic Hierarchy Process, 

the proposed approach tackled the difficulty of quantifying certain aspects of 

supportability in initial ship design and provided a framework to address the issue of 

inconsistent and often conflicting preferences of decision makers. Since the shipôs 

supportability is considered to be significantly affected by its configuration, the 

proposed approach utilised the advantages of an architecturally-orientated early stage 

ship design approach and a new concept design tool developed at University College 

London. The new tool was used to develop concept level designs of a frigate-sized 

combatant and a number of variations of it, namely configurational rearrangement 

with enhancement of certain supportably features, and an alternative ship design style. 

The design cases were then used to demonstrate the proposed evaluation approach. 

The overall aim of proposing a quantitative supportability evaluation approach 

applicable to concept naval ship design was achieved, although several issues and 

limitations emerged during both the development as well as the implementation of the 

approach. Through identification of the research limitations, areas for future work 

aimed at improving the proposal have been proposed.
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Chapter 1: Introduction  

1.1 Preamble 

Supportability is defined by NATO as óa measure of the degree to which all the 

resources required to operate and maintain the system/equipment can be provided in 

sufficient quantity and timeô (NATO, 2011). It is a significant aspect of design that is 

generally facilitated through Integrated Logistics Support (ILS) management and the 

associated technical procedures and processes. Given that the design decisions made 

early in the lifecycle have a major influence on design outcomes, then as many of the 

ILS activities (i.e. the enablers of system/equipment supportability) as possible should 

be considered early in the design process, albeit at top level. They also need to be 

considered in parallel with the systemôs acquisition and engineering design process in 

order to ómaximise availability, effectiveness, and capability of the systemô (NATO, 

2011). Failure to consider supportability at the early, formative stages of the design 

process can lead to longer and more expensive ship overhauls, less availability and 

reduced scope for adaptability and upgradeability (Coles et al., 2014). 

The UK Ministry of Defence (MoD) has endorsed the application of ILS to all product 

acquisition as official policy (UK MoD, 2013a). However, its genuine implementation 

in the domain of naval ship design has been impeded by the process of naval ship 

concept design being historically carried out in the middle of an intense debate to 

reduce acquisition costs, while attempting to maximise mission capability. This 

approach has led to a focus on the numerically amenable characteristics, largely 

addressed in the first four items of the classic óS5' (Brown and Andrews, 1980) (i.e. 

Speed, Seakeeping, Stability, (structural) Strength, the fifth being Style (Andrews, 

2018)), and in the shipôs Combat Systemôs (CS) capabilities, in the application of the 

governmentsô budgetary criteria in the early stages of naval ship design. Thus 

insufficient attention has been given to the full range of capability aspects, particularly 

Through-Life Support (TLS) features. Consequently, TLS is addressed much later 

than the initial design synthesis by which time the design has effectively been 

constrained. In addition, the traditional numerical approach to Early Stage Ship Design 

(ESSD) (not to be confused with US Navyôs definition of Preliminary Design 
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described by Gale (2003)) has delayed the early investigation of Style aspects (being 

the 5th of the S5 categories mentioned above) and any architectural modelling 

(Andrews, 1984) which has only been properly considered in the subsequent design 

phases and within the confines of a defined hullform produced from a limited 

numerical balance. This further hinders early considerations of naval ship 

supportability as many of its constituent aspects, such as operational and through-life 

Adaptability, Availability, Reliability and Maintainability (ARM), Replenishment At 

Sea (RAS), and access policy are strongly influenced by the shipôs design Style and 

its overall ship architecture and arrangement. 

The shortcomings of both acquisition and design processes are likely to be exacerbated 

by a) rising warship ownership costs, b) the lack of a numerical and structured TLS 

evaluation approach that can be utilised during the early stages of design, and c) the 

loss of the naval ship design expert knowledge base. The rising costs of naval ship 

programmes (Arena et al., 2006) combined with the lack of a rational supportability 

assessment method, compatible with the high level design definitions produced in the 

Concept Phase, are likely to lead to cost cutting of specific programmes by the 

government. Additionally, given the political significance of defence procurement 

processes and the duration of such major projects exceeding single governments, they 

are vulnerable to changes in political direction. These changes could further hinder 

those aspects conventionally addressed during the later detailed design stages, such as 

TLS. Considering the issue of expert knowledge; the demand for engineers currently 

exceeds supply across all UK engineering sectors (Fidler and Harrison, 2013), 

including naval ship design (UK NEST, 2013), resulting in a reduction in the number 

of available experienced individuals. This is a major cause for concern given that TLS 

and other ósofterô aspects of naval ship design have usually been tackled by 

experienced ship designers and practitioners and then been addressed through  detailed 

engineering applying lessons learnt from operational and maintenance practice. 
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1.2 Research Scope and Aim 

This research undertaken on supportability assessment has been focused on the 

creative and fluid early stages of the naval ship design process. During ESSD, a large 

variety of ship design options are investigated with reasonably low design efforts and 

resources yet having significant impact on the choice of the final design solution. The 

research did not tackle those aspects affecting supportability that are usually addressed 

downstream right into the detailed design stages, where most Design for Support (DfS) 

analyses require high levels of design information and the constrained nature of the 

design makes corrective design alterations lengthy and expensive. 

The financial challenges of defence acquisition and the political tendencies of 

governments were considered to be outside the scope of this project. Instead the 

research focused on addressing the drawbacks caused by the traditional naval ESSD 

process and the lack of numerical and structured TLS evaluation approaches 

appropriate to the Concept Phase. The importance of ESSD and the advantages of 

architectural modelling during the Concept Phase were first investigated. The 

architecturally discernible aspects of naval ship TLS and some of the technical 

solutions aimed at addressing such issues and their applicability to this research were 

then explored. This led to identification of the main obstacles to a proper consideration 

of naval ship TLS in ESSD and the gaps in the current supportability assessment 

approaches. This was followed by the proposed approach to evaluate supportability in 

the early stages of naval ship design. The proposed evaluation approach was then 

demonstrated on a range of concept level ship design cases, namely frigate-sized naval 

combatants. However, it is considered to have applicability to other types and 

configurations of surface warships and possible relevance to naval auxiliaries. 

The supportability evaluation approach described in this thesis is a combination of an 

architecturally-orientated ESSD approach, a new ship concept design software 

developed at University College London (UCL), and the application of some widely 

established decision making and appraisal techniques. The approach developed 

possesses four significant features. Firstly, certain supportability aspects amenable to 

being influenced by high level architecturally-driven early design choices were 

investigated. Secondly, without relying on overly detailed ship design information it 
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addressed TLS in the Concept Phase. Thirdly, the difficulty of quantifying many 

aspects of naval ship TLS in ESSD was tackled. Fourthly, a framework was presented 

that captured, incorporated, and applied the accumulated naval ship design and TLS 

knowledge (e.g. through rules of thumb) in a rational manner. 

The validity and applicability of the proposed approach was illustrated through a 

number of ship design case studies. These focused on: configurational rearrangement 

of certain supportably features; enhancement of those supportability features; and, 

finally, an alternative ship design style. The ship designs were developed using the 

UCL originated architecturally-orientated Design Building Block (DBB) approach to 

ESSD (Andrews, 1984; Andrews and Dicks, 1997) and detailed sufficiently for the 

application of the proposed evaluation approach. Due to the sensitive nature of naval 

ship design, the unclassified UCL naval ship design procedure (UCL, 2013a) and 

database (UCL, 2013b), that are considered to be representative of the UK MoD design 

practice, were used to develop the ship designs. Thus classified data for actual ship 

designs and naval weapon systems as well as classified tools were not utilised. 

In summary, the overall aim of the research undertaken and presented in this thesis 

was to propose a new, quantitative supportability evaluation approach and 

demonstrate it on a range of ship design alternatives in investigating a limited number 

of supportability aspects. Crucially, the proposed approach was required to be 

applicable to the high level design definition of the Concept Phase of naval ship 

design. It was the intention of this research to utilise the enhanced emphasis on ship 

architecture and configuration introduced by the UCL architecturally-orientated DBB 

approach to ESSD. This enables a more effective and earlier consideration of TLS 

(during the Concept Phase) of naval ship design. 
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1.3 Thesis Structure 

The thesis is composed of seven main chapters accompanied by separate appendices 

providing additional material relevant to the main text. 

Chapter 1 provides a brief introduction to naval ship TLS and the issues surrounding 

it as well as the scope, aim, and structure of the research project. 

The second chapter, consisting of four main sections, presents a state of art review of 

the relevant background and provides a justification for the proposed supportability 

evaluation approach. Section 2.2 covers the background to the process of modern 

naval ship design and procurement, the cost of owning a warship, the traditional 

approach to early stage naval ship design, and how the UCL originated alternative 

architecturally-based synthesis approach, made available by the developments in 

computer graphics, means aspects like supportability can be considered in ESSD. 

Section 2.3, on naval ship supportability, provides a summary of the wider scope of 

naval ship supportability and then emphasises the importance of its early consideration 

in the initial design phase. The architecturally discernible aspects of naval ship TLS 

are then highlighted as being both feasible and appropriate to be addressed. Some of 

the technical solutions aimed at addressing the architecturally discernible aspects of 

naval ship TLS early in design are also covered. Section 2.4 discusses how the 

feasibility of supportability investigations in ESSD could be improved by reducing the 

need for overly detailed ship design information. The three sub-sections describe the 

three different topics that were explored in searching for how this could be achieved, 

discussing the associated advantages and shortcomings. Section 2.5 highlights the 

issues identified as the main obstacles to a proper consideration of naval ship TLS in 

ESSD and describes the gaps in current supportability assessment approaches. This 

confirms the consequent need for a method to evaluate supportability early in that 

design process. The chapter is concluded with an outline of the proposed evaluation 

approach. 

Chapter 3 includes three main sections and focuses on the development of the 

supportability evaluation approach that was proposed as part of the research. 

Section 3.2 briefly covers the two methods initially investigated for the development 

of the DfS evaluation approach.  Section 3.3 outlines the main proposal and provides 
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a general description of the principal constituents of the proposed DfS evaluation 

approach and the associated issues. Section 3.4 gives a detailed account of how the 

principal features described in the second section were customised in order to 

investigate a specific naval ship supportability example. 

The fourth chapter, consisting of three main sections, describes the development of 

the ship design cases that were used to demonstrate the application of the DfS 

evaluation approach outlined in Chapter 3. Section 4.2 covers the development of a 

new ship concept design software and the current status of that work at UCL. 

Second 4.3 describes in detail the Baseline Frigate Design developed as part of this 

research. Section 4.4 discusses the choice of ship design variations and outlines the 

resultant designs. 

Chapter 5 has two main sections which outline the application of the proposed DfS 

evaluation approach to the ship design cases described in Chapter 4 and presents the 

assessment results. Section 5.2 provides a detailed account of the application of the 

proposed DfS evaluation approach to the assessment of the specific naval ship 

supportability example outlined at the end of Chapter 3. Section 5.3 presents the 

assessment results for all the ship design variants. A limited discussion of each set of 

results is also provided. 

The sixth chapter consists of two main sections that provide a comprehensive 

discussion of DfS in naval ship ESSD. In Section 6.2, the results presented in Chapter 

5 are discussed in detail and wider ship design implications are analysed. Section 6.3 

lays the foundation for addressing whether the DfS evaluation approach has achieved 

the overall research aim outlined in Chapter 1. It links the proposed approach to the 

gaps identified in the research background outlined in Chapter 2, followed by 

discussing its implementation, before reviewing the limitations in the demonstrations. 

The chapter is concluded by a section that discusses the areas that require further 

investigation. 

Based on the issues discussed in Chapter 6, the seventh and final chapter addresses 

whether and to what extent the overall research aim has been achieved. The major 

issues and limitations identified from the research work as well as the areas of potential 

future research are also summarised in a suggested order of significance.
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Chapter 2: A Review of the State of the Art in Design for 

Support for Naval Ships 

2.1 Introduction  

This chapter, consisting of four main sections, provides an overview of the 

investigations carried out to identify where there is a knowledge gap in Design for 

Support (DfS) for naval combatants. It delves into the body of knowledge in the areas 

of naval ship design and Through-Life Support (TLS) with the aim of identifying 

questions that are both relevant and feasible in investigating naval ship support early 

in design. 

The next section is split into six sub-sections. The background to the process of naval 

ship design and procurement through the latter part of the 20th century to date is first 

outlined, followed by considering the nature of the cost of owning a warship and how 

it has changed over the same time period. The third and fourth sub-sections further 

examine the process of naval ship design and cover the traditional approach to early 

stage naval ship design. The last two sub-sections investigate the advantages of 

architectural modelling in initial ship design and describe an established 

architecturally-based design approach as an alternative to both the traditional and other 

current approaches to Early Stage Ship Design (ESSD). 

Section 2.3 is split into three sub-sections. The first is a summary of the scope of naval 

ship supportability, where the importance of its consideration in the initial design 

phase is emphasised. The architecturally discernible aspects of naval ship TLS are then 

highlighted since they are considered both feasible and appropriate to be addressed. 

The third and final sub-section covers some of the technical solutions aimed at 

addressing the architecturally discernible aspects of naval ship TLS early in design.  

Section 2.4 addresses the need to reduce overly detailed ship design information in 

improving the feasibility of supportability investigations in ESSD. The three sub-

sections summarise the three different topics that were explored in searching for how 

this could be achieved, discussing the associated advantages and shortcomings.  
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The last section highlights the issues identified as the main obstacles to a proper 

consideration of naval ship TLS in ESSD and the need for a method to evaluate 

supportability early in that design process. The chapter concludes with an outline of 

the proposed approach, explaining why this approach to the problem was selected. 
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2.2 Naval Ship Design 

2.2.1 Background to the Process of Naval Ship Design and Procurement 

The design and construction of a new naval vessel has usually been initiated in 

response to either the need to get a new military capability to sea to face new threats, 

or the need to renew existing capabilities (Andrews, 1987; Brown, 1993). The UK 

MoD mandates the use of the Smart Acquisition process, illustrated in Figure 2.1, for 

the design and procurement of defence capabilities (UK MoD, 2002). 

 
Figure 2.1: UK MoD design and procurement process (CADMID)  (UK MoD, 2002) 

The UK MoD (2002) stated the process to be a whole life approach that begins with 

the Concept Phase at the end of which the operational requirements organisation issues 

a User Requirements Document (URD) outlining the need for particular capabilities 

to be met by a future equipment programme. The aims of the Concept Phase are to 

identify technology and procurement options that warrant further investigations, 

obtain funding, and identify the performance, cost and time parameters for the 

programme. At the end of the Concept Phase, the óInitial Gateô review is carried out 

to assess the feasibility of the programme and if approved, release the funds for the 

Assessment Phase that follows. In the Assessment Phase, after considering each of the 

primary and secondary tasks separately, a Systems Requirements Document (SRD) is 

produced to spell out what the system(s) must do to achieve what was specified in the 

URD. Invitations to Tender (ITT) are issued to the industry and Assessment Phase 

contracts are subsequently awarded to a short-list of companies or consortia. 

Feasibility studies and trade-offs between cost, time, performance and risks should 

occur during this phase to identify the technological solution within the óInitial Gateô 

boundaries. The next stage is the main investment decision of the programme called 

the óMain Gateô Review, the point at which a preferred procurement option/supplier 

is generally chosen. The following Demonstration Phase works towards eliminating 
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development risks in order to meet the performance targets for manufacture. The 

process is continued in the Manufacture Phase when production work is carried out to 

deliver the military capability within the time and cost parameters previously set and 

as according to the contract that includes build specifications. The In-Service Phase 

confirms that the military capability provided by the system is available for operational 

use, to the extent defined at óMain Gateô and on In-Service Acceptance Date. The 

process is finalised by the Out of Service Date and Disposal Phase when plans are 

drawn for an efficient, effective and safe disposal of the system. 

Although Smart Acquisition is the official UK MoD policy for the design and 

procurement of defence capabilities (UK MoD, 2002), the realities of naval ship 

design and procurement are very different. Andrews (2003a) criticised the Smart 

Acquisition ópractice of first investigating, in considerable depth and importantly in 

non-material specific terms, the requirements for a major naval programme,ô as a) 

inappropriate for major warships due to the assumption that such large and physically 

complex system of systems can be designed in a manner akin to other military vehicles 

and software-led systems (e.g. military aircrafts, air traffic control systems, and 

warship Combat Systems (CS)), and b) bad Systems Engineering (SE) practice owing 

to falsely depicting SE as an appropriate design discipline for complex systems such 

as warships that donôt have prototypes, rather than a broad approach that can be 

adopted by project teams to achieve best practice project management. 

The naval ship design process and final design solution are largely based on the 

designersô interpretation of the often immature requirements (Andrews, 1985), hence 

informed discussion and dialogue between the requirements owner (UK MoD as the 

operational requirements organisation for naval vessels) and the procurement 

community are essential during the Concept Phase. The dialogue is vital in order to 

determine what is realistically achievable before the requirements are fixed (Andrews, 

1992). In order to strike a balance between affordability and capability and achieve a 

realistic design solution (Heather, 1990; Crow, 2001), the requirements owner (i.e. the 

operational requirements organisation) needs, during the Concept Phase, to explore 

and with the nascent procurement project make several top level principal choices as 

part of the joint requirements elucidation process (Andrews, 2003a, 2013). Hawke 

(1988) listed some of these strategic choices for a warship, concerning different types 

of policies and requirements: 
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¶ Specialised or general role and mission orientation;  

¶ Short or long planned lifetime with subsequent implications on modernisation 

requirements; 

¶ Cash limited or flexible cost policy; 

¶ Endurance and deployment length; 

¶ Degree of self-sufficiency with implications on shipôs manning and demand 

for spare parts. 

However, óRequirements Engineeringô such as Smart Acquisition is unable to 

facilitate proper dialogues between the requirements owner and the óprocurement 

projectô to reach a balanced and affordable set of requirements for complex systems 

such as modern naval combatants (Andrews, 2003a). The consequence of this failure 

to carry out an effective requirements elucidation is a mismatch between design 

requirements and solutions (Andrews, 2003a). The Smart Acquisition process shown 

in Figure 2.1 is considered to be inappropriate to naval ship design because: 

¶ It fails to ensure that top level requirements are fixed without full material 

options exploration by the end of the Concept Phase before continuing to the 

Assessment Phase where feasibility studies on a balanced preferred option are 

undertaken; 

¶ It disregards the fact that trade-off analyses should be carried out as part of the 

Concept Phase and feasibility studies are essentially about working up the 

design to show that is technically affordable and achievable; 

¶ Classic Demonstration of the overall ship before design to build and 

commencing Manufacture is not possible due to the lack of prototypes. 

2.2.2 The Cost of Owning a Warship 

Ship costing is a critical part of the concept design process for both naval and 

commercial ships (UK MoD, 2002) as it clearly determines the feasibility and cost-

effectiveness of a ship programme. It should also determine whether there are 

sufficient funds available to take the programme forward (NATO, 2009; Caprace, 

2010), and ought to avoid budget overruns and the associated consequences 

(Gerdemann et al., 2012; Rudius, 2012). NATO (2009) described the total cost of 

ownership over the life of a warship, the Whole Life Costs (WLC) (also termed Life 
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Cycle Cost (LCC) in some sources), as one of the key criteria (others being operational 

need and government constraints) that could assist the decision makers in deciding 

between alternative procurement options. WLC represents all the costs that will be 

expended during the life of a system (including the main system and support systems) 

to acquire, operate, support it and eventually dispose of it (NATO, 2003).  

The two principal constituents of WLC are Unit Procurement Cost (UPC) and 

Through-Life Cost (TLC). UPC includes initial cost elements, such as equipment and 

material acquisition; shipbuilder labour costs; outfit and assembly; allowances for 

design changes; and test and trials costs. TLC consists of the costs incurred during the 

warshipôs in-service period, such as personnel (basic pay, national income 

contributions, pensions and gratuities, additional special service pay), training, 

consumables (e.g. fuel, stores and spares), maintenance (further divisible into; general 

maintenance, docking, minor refit and major modernisation) and disposal costs. There 

is an additional cost element, termed as the First of Class (FOC) cost that can be 

significant and is paid for separately to the lead shipbuilder or prime contractor and 

not proportioned out amongst ships in the class subsequent to the FOC. FOC costs 

include shipbuilderôs office setup; design and project resources; drawings; 

recruitment; model productions; shore test facilities; and first ship trials (Brown and 

Andrews, 1980; Page, 2011; Piperakis, 2014). Figure 2.2 shows the general 

breakdown of warship WLC for a typical example of 1980s. Figure 2.3 illustrates an 

undiscounted WLC of a typical 3,000 tonne frigate built at a 1971 UPC of £12M. 

Inflation would probably lead to a value of approximately £150M in 2018 but the 

WLC breakdown is considered to be still broadly applicable. The noticeably low 

weapons design cost in Figure 2.3 could be due to the less sophisticated and 

evolutionary nature of CS developments in the 1970s and clearly excludes any major 

new weapon development, such as the Principal Anti Air Missile System (PAMMS) 

for the Royal Navyôs Type 45 Destroyers (Gates, 2014). 
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Figure 2.2: Breakdown of warship WLC and typical example of the percentage breakdown in 

WLC for a warship (Brown and Andrews, 1980) 

 

 
Figure 2.3: Undiscounted WLC of a typical 3,000 tonne frigate (Rawson, 1973) 
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Considering the balance of affordability and capability that was mentioned in 

Section 2.2.1, Brown (1986) explained how the policy of military equipment 

procurement transformed the objectives in naval ship design during the 20th century. 

At about the middle of the Cold War, the aim to obtain the technically best ship was 

first abandoned in favour of purchasing the most cost-effective ship; that was itself 

replaced by the current cash limited warship procurement policy. This has been caused 

by both the reduction in defence expenditure (as percentage of GDP) and the growth 

above inflation in the UPC of warships identified as approximately 9% per annum 

(Gates, 2005; Arena et al., 2006). Warship cost escalation has been attributed to two 

principal factors; economy-driven and customer driven. The economy-driven factors 

(e.g. material, labour, and equipment) have generally been comparable to the general 

inflation rate and amounted to around half the overall escalation. The customer-driven 

factors (e.g. complexity, standards and requirements, and declining procurement rates 

over which overheads are amortised) make up the other half (Arena et al., 2006). 

Figure 2.4 illustrates the breakdown of annual cost escalation factors resulting from a 

pairwise comparison between the US Navy guided missile destroyers DDG-2 (FY 

1961) and DDG-51 (FY 2002). 

 
Figure 2.4: Contribution of different factors to shipbuilding annual cost escalation for US 

Navy surface combatants: DDG-2 (FY 1961) and DDG-51 (FY 2002) (Arena et al., 2006) 

It can be seen that the most significant contributions in Figure 2.4 are due to the rising 

costs of equipment, labour, complexity and standards. These have been confirmed by 

Brown and Andrews (1980) and Brown and Tupper (1988) for UK naval acquisitions. 
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In addition to the better reliability and availability of individual items of equipment 

and vessels (Alexander, 1988), the decline of defence budgets that begun at the end of 

the Cold War (Andrews and Hall, 1995), coupled with the above inflation escalation 

in UPC for comparable naval combatants have resulted in an overall reduction in fleet 

size for most major western navies post-Cold War (Taylor, 2010) despite little 

reduction in overall commitments (Collins et al., 2012). The consequence has been 

greater capability (Jones and Kimber, 2012) and reliability (Manley, 2012) required 

per ship. Although there are no easy or simple solutions to tackle this, a number of 

approaches have been suggested, most of which involve some level of compromise. 

These proposals cover the areas of naval ship design, programme management and 

acquisition strategy, and manufacturing and shipbuilding technologies. The examples 

given below are proposed strategies aimed at tackling the rising cost of naval ship 

acquisition. 

¶ Build a mix of multirole ships with a) limited capability in each role and b) 

mission-focused ships capable of only one, or very few, roles but of first class 

quality in the selected role (Brown and Andrews, 1980; Arena et al., 2006); 

¶ Implement the concepts of Open System Architecture (OSA) (Vasilakos et al., 

2000), modularity and the separation of the mission and weapons systems from 

the rest of the ship (Drewry and Jons, 1975) and modular approaches, such as 

the late 1970s UK proposal of cellularity, that proposed to improve access and 

interchangeability for CS equipment during build and refit and physical 

compatibility through common transport and installation envelopes (Gates, 

1985); 

¶ Adopt a larger proportion commercial equipment and design standards (Brown 

and Andrews, 1980). This was seen to be especially attractive for non-

combatants, such as auxiliary ships (Cooper et al., 2007) and amphibious 

warfare vessels (e.g. HMS Ocean (Allison, 2015)). However this can result in 

different and potentially unacceptable and risky survivability capabilities but 

be easier to build and less expensive initially (Arena et al., 2006) if 

questionable value for money (Andrews, 2018); 

¶ Technical innovation (Andrews and Brown, 1982) and complement reduction 

(Brown and Andrews, 1980). 
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It follows from all the above examples, that could be adopted due to economic reasons, 

that they have significant implications on the resulting ship design and can 

compromise the shipôs, and in turn the fleetôs, capability. 

NATO considers the early stages of a programme (i.e. Concept Phase) as the best 

opportunity to achieve potential WLC reductions (NATO, 2009). This is supported by 

Rawson (1973) and Andrews (1987) since by the time the design is finalised, most of 

a ship designôs upkeep characteristics and hence that element of WLC/LCC have been 

committed and are not recoverable, but the expenditure of design resources in terms 

of time and finance is relatively small, as illustrated in Figure 2.5. 

 
Figure 2.5: The early stages of a programme and the opportunity to reduce WLC (NATO, 

2009) 

Estimating WLC during concept design allows the cost effects of varying the principal 

characteristics to be investigated while the design is still flexible (Carreyette, 1978). 

It also enables alternative solutions, cost reduction opportunities, and aspects of 

financial risk and uncertainty to be evaluated (NATO, 2009), as well as trade-off 

studies to be carried out (Rawson, 1973). 

Despite the need to investigate cost-effectiveness in its entirety, cost reduction 

approaches have historically been aimed at reducing the UPC rather than the TLC of 

the warship (Brown and Andrews, 1980). Although the initial costs can be reduced, 

these approaches are unable to address the fact that the majority of a warshipôs WLC 

is incurred during the in-service period (i.e. the TLC component) (Depetro and Hoey, 
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2011; Page, 2011). Brown and Andrews (1980) provided a typical example of a 

warshipôs WLC breakdown that shows a 1:3 ratio between UPC and TLC. The large 

difference in UPC and TLC is also illustrated in Figure 2.6 (TLC referred to as 

Operations and Support (O&S) costs in this case). 

 
Figure 2.6: The Whole Life Costs Iceberg (NATO, 2012) 

The WLC iceberg (Figure 2.6) illustrates the historical propensity of governments to 

focus on aspects that they consider to be more important to how their term in office 

will be judged, as well as the tendency of treasuries to massively discount early yearsô 

expenditure. Rizzo (2011) attributes this conduct to the intense political, media and 

leadership attention on acquisition that shifts the focus towards short-term schedule, 

budget, and specifications, thus leaving the designer with limited options should 

complications arise. Consequently, a lower priority is given to through-life aspects 

that leads to inadequate through-life sustainability and supportability. Historically, 

procurement decision making has attached higher real values to money spent in the 

near term, compared with money to be spent in the distant future, referred to as the 

time preference concept (Andrews and Brown, 1982). Figure 2.7 is a sample temporal 

illustration of a warshipôs WLC, showing how navies spend much more through-life 

than in procurement during a programmeôs lifespan of more than 40 years (Page, 

2011). Figure 2.7 emphasises the cost-effectiveness of incorporating DfS features 

during ESSD in comparison to at build or even in-service. 
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Figure 2.7: Temporal Ship's Whole Life Costs (Page, 2011) 

However, this time preference has three major flaws. First, it will distort Figure 2.7 

into a óperceivedô (i.e. the customerôs perception of cost relative to income) WLC. 

Second is that it overlooks the fact that the majority of crucial decisions are made 

during Early Stage Design (ESD) when most of the cost is incorporated in the design 

despite little of the design effort having been expended, especially for large complex 

systems of systems like warships (Andrews, 2013). Consequently, should design 

mistakes and shortcomings be revealed as the design moves into the more detailed 

phases and more specific design information becomes available, it becomes very 

expensive to rectify in these later design phases (Page, 2011; Andrews, 2013). The 

third flaw is the inapplicability of the time preference concept to defence investments, 

given that most defence benefits cannot be easily quantified (Andrews and Brown, 

1982). Unlike commercial freight shipping, where the benefits of possessing a 

container ship or an oil tanker are easily quantifiable in cash terms, it is not so in the 

naval domain where certain capabilities are intrinsically difficult to quantify, whether 

this be a supportability feature, an element of the shipôs survivability, or smaller 

capability subsets, such as the sea boats. In addition, although the full range of the 

shipôs capabilities are crucial to its overall military value, in reality not all capabilities 

are continuously utilised, or possibly ever in the case of all out warfare, hence further 

complicating any application of cost-effectiveness decision making. 

In summary, given the escalating cost of warships and the socio-technical factors 

involved in naval ship design and its procurement process, aspects such as naval ship 

supportability can be seen as attractive areas for cost reductions. However, there is a 

danger of short-sighted cuts in long-term vital investment of defence capability that 

are then imposed rather than arising from a well-engineered cost saving. This short-
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termism can then result in either increasing the overall WLC or at best failing to 

produce any real reductions. For example, the Royal Navy Type 42 Destroyers were 

designed and built for minimum UPC and as a result were difficult and expensive to 

refit and update (Friedman, 2006). 

2.2.3 Introduction to Naval Ship Design 

Archer (1979) argued that the process of design should be treated as distinctive but on 

a par with the other two areas of human knowledge; science and humanities. He 

showed the interrelationships between these three areas by means of the diagram 

shown in Figure 2.8. 

 
Figure 2.8: The relationships between the three areas of human knowledge; humanities, 

science and design (Archer, 1979) 

Andrews (1981) highlighted synthesis (i.e. the act of putting the pieces together in a 

new way (Jones, 1970)) as the distinctive element that distinguishes design from other 

human activities. As a part of synthesis, Andrews (1981, 1984, 1985) emphasised the 

architectural element of ship design. He proposed an architectural approach to ESSD 

as a way of dealing with the fact that as a process, it is impossible to describe ship 

design as a purely scientific or engineering science endeavour, given the many 

disparate design style issues involved (Andrews, 2018). Similarly, Gale (2003) 

emphasised the nature of the ship design process, both scientifically and artistically, 

by describing it as the activity involved in producing the drawings (or 3-D computer 
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models), specifications and other data needed to construct an object, in this case a ship. 

The ship design process can be considered to be affected by not just the type of ship 

being designed, but also the personal preferences of those in the design team 

(Andrews, 1985, 2012; Gale, 2003). 

The act of óputting it all togetherô or synthesis of the inputs from all specialist 

disciplines to create the total fighting unit, as well as the identification of the overall 

design style to be adopted; essentially constitute the role of the naval architect in the 

ship design process (Brown and Tupper, 1988). The naval ship design process is 

characterised, especially at the early phases, by the ówickedô nature of the process of 

setting up and constraining the solution space to find the achievable and affordable 

requirement. First coined by Rittel and Webber (1973) for urban planning and large 

scale architecture, the term ówicked problemô was then suggested as appropriate to 

complex ship design, since óidentifying what is the nature of the problem is the main 

problemô (Andrews, 2011, 2013). The iterative nature of the process has been 

attributed to the complex nature of ship design that has so far proven impossible to be 

described by a set of directly solvable equations (Gale, 2003). To illustrate how the 

naval architect deals with the various aspect of ship design sequentially and iteratively, 

the first design spiral (Figure A1. 1, Appendix 1) was produced by Evans (1959) for 

ship structural design and many other versions have since been developed (e.g. Figure 

A1. 2 and Figure A1. 3, Appendix 1). Andrews et al. (2009) provided a comprehensive 

set of different versions of the ship design spiral and Andrews et al. (2012) a critique 

of the ship design spiral. The spiral as a way representing the ship design process has 

received a number of criticisms, such as: 

¶ It depicts the ship design process as a closed, sequential series of steps while 

the process is in fact neither closed nor sequential. The ship design process 

consists of externally imposed constraints and the inputs from outside the ship 

design team are numerous, diverse, and unpredictable. It consists of interacting 

closed loops and intuitive leaps by the naval architect from one spot to another 

in the spiral as new knowledge is gained, problems are encountered and design 

drivers are identified (Brown, 1986; Watson, 1998; Gale, 2003; Andrews et 

al., 2012); 

¶ Performance functions are nonlinear and often discontinuous, and inequalities 

are more common than equations (Brown, 1986); 
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¶ The design spiral describes individual action steps rather than the fundamental 

decision making in the ship design process itself (Andrews et al., 2012; 

Andrews, 2013); 

¶ The design spiral is insensitive to ship type and programme drivers (Watson, 

1998; Pawling et al., 2017b). 

Among all ship types, warships, for various reasons, have been described as the most 

complex, diverse and highly integrated of any engineering systems (Graham (US Navy 

Commander) quoted by Gates and Rusling (1982)). Described as being distinctively 

large and complex (Andrews and Dicks, 1997), many aspects of a warshipôs 

performance are difficult to quantify (Brown and Tupper, 1988). They are designed to 

be effective in a variety of roles (Brown and Tupper, 1988) and operate globally at 

various levels of hostilities (Gates, 2005) while providing an appealing environment 

for the crew and as Graham put it, óserve two hundred breakfastsô (Brown and Tupper, 

1988). The design of warships also involves certain areas of high risks, the main areas 

of which were outlined by Heather (1990) in his study of fast (small) naval ships: 

¶ Bottom-up estimation of weight in novel designs where a decent first 

prediction requires enormous amounts of effort; 

¶ Auxiliary power generation requirements that are difficult to predict; 

¶ Internal arrangement of key spaces, such as the bridge and Operations Room; 

¶ The concurrent development of complex weapons and software items that are 

often delayed or donôt perform as required, that particularly applies to the 

shipôs Combat Information Centre (CIC) (i.e. Operations Room) and Combat 

Management System (CMS), pulling the elements of the CS together. 

Gale (2003) considers both design complexity and risks to be directly proportional to 

design novelty, and there has been suggestions that as a rule of thumb, a new design 

should have 25% novelty and 75% well-tried practice (Baker, 1958), though Brown 

(1986) argues that since this would imply a total change only every four classes, there 

may be a case for greater novelty despite the risk implied. Andrews (1985) outlined 

the range of design processes in ascending order of novelty of the design solution: 

stretch of an existing ship; type-ship design (proven data base but restrictive); 

evolutionary (marginally less restrictive than type-ship design); historical (a 

compromise between good and bad, relevant and inappropriate previous designs); 
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simple numerically based synthesis (restricted to reasonably conventional 

configuration solutions); broader synthesis (an extension of the simple synthesis by 

integrating an architectural synthesis); radical configuration (current technology 

adopted in totally new configuration, e.g. Small Water Plane Area Twin Hull 

(SWATH)); and radical technology (necessary to employ full scale research and 

development prototypes like the aerospace industry). In reality, the ship designerôs 

task is a very complicated one, due to the variety of often conflicting objectives to be 

met with limited budgets (Brown and Tupper, 1988; Gale, 2003). Similar to civil 

engineering, the task is only made more difficult by the absence of complete 

prototypes due to time, cost and size factors (Brown and Tupper, 1988), the small 

product numbers in comparison to other industries like the aerospace and automotive 

(Andrews, 1998), and the lack of new production lines specific to a new design in the 

shipbuilding industry (Andrews, 2012). 

Figure 2.9 is the illustration published by Andrews (1992) to describe the various 

phases of the naval ship design process prior to the Smart Acquisition process. 

 
Figure 2.9: UK Naval ship design process (Andrews, 1992) 

Brown (1986) described the Concept Phase as the only time to introduce genuine 

design novelty. During the Concept Phase, many ideas are explored by the designers 

in an attempt to understand the customerôs needs through dialogue and convert them 

into a technical solution (Brown, 1986; Gale, 2003; Andrews, 2011). Andrews (1993) 

loosely divided the Concept Phase into three overlapping stages; Concept Exploration, 

Concept Studies and Concept Design, through which alternatives are explored and 

promising ideas are developed in sufficient details to enable realistic estimates to be 

made of size, cost and capability (Brown, 1986; Andrews and Pawling, 2007). 

Although the Concept Phase is when major decisions are made and trade-off studies 

carried out on requirements and affordability (Brown and Andrews, 1980; Andrews 



Chapter 2: A Review of the State of the Art in Design for Support for Naval Ships 

51 

and Pawling, 2009), thus effectively committing the majority of future costs, the cost 

of this design effort in terms of time and resources is only a tiny fraction in comparison 

to that of the entire project (Andrews, 1987). Brown and Andrews (1980) described 

the Concept Phase of a typical naval combatant to require six people for six months as 

opposed to hundreds of people for the much longer later phases of the project 

(although in recent naval programmes getting through Initial Gate can be tortuous, e.g. 

nearly two decades in case of the Future Surface Combatant (FSC)/Type 26).  

Such a large contrast makes it much more sensible to identify and tackle problematic 

issues and change the design, if required, during the Concept Phase (Heather, 1990) 

(Gale, 2003) as the cost of rectifying problems during the later design phases is 

disproportionately higher (Goossens, 1992). This means that should cost reductions 

become necessary in the detailed phases of the design, they are more likely to be 

implemented through omission of equipment rather than radical design rework 

(Andrews and Brown, 1982). 

In conclusion, it can be said that the early phases of design, concept in particular, are 

the most important as the adopted design decisions effectively ólock upô the 

corresponding design and cost aspects (Page, 2011). This was encapsulated by 

Andrews et al. (2006) as óthe often quoted truism that 90% of the major design 

decisions have been made when less than 10% of the design effort has been expended.ô 

2.2.4 Traditional Early Stage Naval Ship Design 

Brown and Andrews (1980) listed the traditional subjects of naval architecture as the 

óS5ô ï Speed, Seakeeping, Stability, (structural) Strength and Style. These were 

described as being ólike the sea, in essence unchanging.ô Naval architects have focused 

on the first four characteristics (S4) that although diverse, are considered as essentially 

definable in numerical terms and described as direct performance requirements. On 

the other hand, Style related issues, defined as cross-cutting ship design information 

(Pawling et al., 2013) have at best been examined at later stages (Andrews, 1984). 

Speed and Seakeeping requirements are largely determined through conducting an 

Operational Analysis (OA) in pre-defined operational scenarios. The results from 

these trade-off analyses also lead to the selection of CS characteristics. On the other 

hand, Stability and (structural) Strength are assessed separately from the OA by 
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adopting the appropriate naval standards that have to be met and are unlikely to be 

subjected to trade-offs or negotiable. Table A1. 1 (Appendix 1) is a taxonomy of S4 

plus CS characteristics, illustrating relevant ship design aspects to consider and 

corresponding features. 

Similar to the design spirals shown in Appendix 1, the traditional design process is 

considered to consist of discrete sequential steps and feedbacks (Andrews, 1985; 

Andrews and Dicks, 1997), as shown in Figure 2.10. 

 
Figure 2.10: A summary representation of pre architecturally-orientated sequential synthesis 

in ship design, showing the feedback loops as dotted lines (Andrews, 2003b) 

In the first iteration of the design process, the initial sizing has classically relied 

heavily on extensive amounts of existing ship data and scaling ratios to produce the 

first estimates of weight and space requirements and costs (Brown and Andrews, 

1980). Andrews (1985) produced Figure A1. 4 (Appendix 1) to illustrate a simplified 

model of initial ship sizing purely as a mechanistic process and emphasise the 

assumptions implicit in such a design routine and the implied specific sources of data. 

This crude initial sizing can then be followed by the parametric survey to refine the 

main hull dimensions and underwater coefficients which, traditionally, has been 

mostly concerned with balancing stability and powering. Such a process only moves 

into the development of ship layouts once parametric survey is finalised (Andrews, 

1985, 1987). 

Several disadvantages have been attributed to this traditional ship design process. It 

does not represent a fully integrated design process, limits design creativity and 

innovation and restricts the application of computers to the numerically-based design 
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steps only (i.e. initial sizing and parametric survey) (Andrews, 1985, 2003b). The 

sequential nature of the process results in having to develop the ship architecture and 

layout within the confines of a hullform already defined and fixed through initial sizing 

and parametric survey (Andrews, 1981), thus limiting the scope for design creativity 

and innovation or even ensuring that vital, architecturally dependent capabilities can 

be met within the envelope (Andrews, 1985). Architectural development is also 

constrained by naval standards that must be met regardless of other issues (e.g. 

transverse bulkhead locations determined by damage stability and zoning 

requirements) (Brown, 1987; Andrews, 2003b). The development of issues related to 

crewing, ship operations and personnel face the same restrictions and, through such a 

sequence as Figure 2.10, can only be investigated with the design already constrained. 

This can lead to operational inefficiencies and potentially hazardous environments on-

board (Andrews, 2006), with corrective design alterations being lengthy and expensive 

at such design stages and likely to be compromised (Andrews et al., 2009).  

Another weakness of the non-architectural approach is the purely numerical nature of 

initial sizing and parametric survey (Andrews and Dicks, 1997), leading to extensive 

reliance in the process on existing ship data (Gates, 2005) and the designerôs ability to 

develop suitable scaling ratios (Cooper et al., 2007). Also, any numerically-based 

parametric survey will fail  to take into account the architectural element of ship design 

(Andrews, 1985). Further shortcomings are caused by the group Weight Breakdown 

Structure (WBS) traditionally used by the process to describe ships and associated 

components (Garzke and Kerr, 1985). The UK MoD (2010) standard has the following 

eight weight groups: 1) hull and superstructure; 2) propulsion; 3) electrical; 4) control 

and communication; 5) ancillary systems; 6) outfit and furnishing; 7) armament; and 

8) variable load. While this classification allows comparisons between a new ship 

design and existing ships to check design completeness (Andrews, 2003b), it is aimed 

towards how the ship manufacturing industry undertakes shipbuilding (Garzke and 

Kerr, 1985; Andrews and Pawling, 2009) and its particular use for ship costing (UK 

MoD, 2010) can be seen as an inhibitor with regards to design creativity and novel 

solutions (Andrews, 2003b). As a completeness check, it can result in avoiding 

innovative options and the subsequent adoption of design solutions excessively based 

on previous designs that are possibly no longer appropriate (Andrews, 2003b). Also, 

the weight breakdown description is not suitable for examining the overall effects on 
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the ship from adding or removing certain capabilities that require a more 

architecturally-based definition (Andrews and Dicks, 1997). 

In conclusion, Andrews (1985) argued that the traditional ship synthesis is neither 

comprehensive nor integrative but at best progressive, underlining the scalar 

description of the initial design as contributory to the failure of this process to be able 

to comprehend many of the important design Style issues (e.g. a gross measure of 

space is unable to address aspects such as accessibility). He stated that, since forward 

momentum and the pressure to maintain an agreed schedule is inevitable in 

development of an actual design project, the feedback loops in Figure 2.10 are 

somewhat optimistic. Thus there is a reluctance with a traditional ship synthesis to 

exploit this desirable iterative characteristic. While innovations in design development 

and design approach are seen to be necessary to respond to the pressures of 

diminishing budgets and loss of expert knowledge (Brown, 1993), the traditional 

approach to ESSD would seem to inhibit creativity and the full exploration of 

alternatives, resulting in most new designs being based on existing vessels for risk 

reduction reasons (Andrews, 2003b). However, the rapid development of computer 

graphics since the late 1990s has enabled a fully integrative ship design synthesis 

where style and architectural factors can be incorporated into the design decision 

making process from the very start (Andrews, 2003b). 

2.2.5 Architectural Modelling in Early Stage Naval Ship Design 

Brown (1987) stated that in naval ship design, the architecture often does not receive 

the attention that it deserves since aspects like ship hydrodynamics and internal 

partitioning (for damage stability) are prioritised. He emphasised the architectural 

element by defining a modern warship as óan assembly of multipurpose spaces 

interacting in a complex manner and located within an envelope, the hullform, the 

overall shape of which is governed by hydrodynamic performance requirements and 

internal partitioning determined by structural continuity and damage containment 

requirements to a far greater extent than an onshore building.ô Andrews (1985) had 

already suggested that the ship design process of Figure 2.10 should be integrated, 

such that a first step could be a preliminary internal arrangement focused on the shipôs 

primary role, and followed by enveloping the layout within a stable and 

hydrodynamically efficient hullform. This suggestion is in line with the fact that 
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structural, stability, and hydrodynamic considerations are no longer the only warship 

design drivers. It is instead the overall architecture and deck layout that significantly 

affect the build and running costs, fighting capability and crew efficiency and comfort, 

and so can be the design starting point while being readily adjustable to meet further 

emergent engineering requirements (Brown, 1987). However, due to the complex and 

interactive nature of a warshipôs architecture, as well as the multiple and often 

conflicting requirements it has to meet, evaluating the quality of a particular layout is 

difficult. For example, the link between machinery spaces and the upper deck through 

uptakes and downtakes will interact with the ship architecture in many ways (e.g. 

separation and duplication of vital spaces and zoning) (Andrews and Brown, 1982; 

Brown, 1993). Brown (1993) described this óproblematic web of interactionsô as being 

related to architecture, thus regarding ships as architecturally-driven rather than by 

weight or even gross space arguments. 

Given that warships can be seen to be primarily architecture driven, architectural 

modelling in early stage naval ship design is considered to better identify many design 

drivers and risk areas (Andrews, 2003b). Adding a new, configurational angle to the 

initial design synthesis process allows the naval architect to be innovative and better 

contribute to the initial divergent phases (Brown, 1986) and to deal more efficiently 

with design complexities (Andrews, 2003b). It is also possible to systematically 

develop and investigate a much larger number of design alternatives and improve 

trade-off studies and cost estimations, thus assist early design decision making and 

mitigate the risk of errors and prolonged expensive design reworks (Andrews, 1985; 

Andrews et al., 2006; Andrews and Pawling, 2007). Integrating the ship architecture 

and configuration with weight, space and form parameters enables the shipôs overall 

dimensions to be readily adjustable throughout the evolutionary process of a concept 

study to achieve a more efficient layout (Andrews, 1985, 2003b). This, in essence, 

contradicts the traditional approach where the ship designer would appear to always 

strive to avoid any increase in ship size, especially in length and displacement 

(Andrews, 1981). A fully integrated design process enables the ship designer to 

explore design aspects that have traditionally been difficult or impossible to explore 

through a numerically-based ESSD. These include: design style aspects, such as 

zoning, vulnerability, cellularity, modularity, accessibility, choice of margins and 

habitability (Andrews, 1985) (see (Pawling et al., 2013; Andrews, 2018) for a more 
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comprehensive study of design style aspects), and more informative early integration 

of the ship CS (Andrews, 1992). Despite the fact that questions have been raised as to 

how to evaluate certain aspects (e.g. vulnerability, habitability) (Garzke and Kerr, 

1985), the ability to consider them during ESSD allows more believable design 

solutions to be produced through better cost estimates and for design comparisons to 

be based on operational performance as well as improved cost estimates (Andrews, 

1985; Garzke and Kerr, 1985). Finally, since requirements elucidation can only be 

properly undertaken by concurrently producing design options (Andrews, 2003b), the 

essential dialogue between the parties involved, including the requirements owner, is 

likely to be more productive through early architectural and configurational modelling 

(Gale, 2003). 

The dimensions of a space on-board a ship are not limited to length, area or gross 

volume, but rather include its location and shape (Brown, 1987). Therefore employing 

the advantages of modern Computer-Aided Design (CAD) tools enables the 

implementation of an architecturally-based, fully integrated, more innovative and 

adaptable ship design process (Andrews, 1981, 2003b). The rapid developments in 

computer graphics, since the early 2000s, have opened up the way for sophisticated 

architectural modelling (Andrews and Pawling, 2009), enabling ship designers to 

rapidly produce large numbers of design alternatives with less mistakes, thus reducing 

design reworks and costs (Gale, 2003), explore significantly different layout options 

and assess whether ship features are affected (Andrews, 2003b). Computer Aided Ship 

Design (CASD) allows the ship designer to carry out investigations that were 

traditionally done in the later design stages (Andrews, 1998; Cooper et al., 2007), for 

example the weight and cost estimations of alternative structural options (Andrews 

and Brown, 1982), the assessment of vulnerability and structural continuity (Andrews, 

1993; Crow, 2001), circulation of personnel and logistic of freight movement are all 

addressable through simulation techniques (Andrews and Pawling, 2009), with 

investigation of highly congested areas facilitated by 3-D-modelling (Gale, 2003). 

These new capabilities could, to a certain extent, tackle the observations made by 

Garzke and Kerr (1985) regarding the evaluation of certain ship characteristics (e.g. 

mobility (hull, mechanical, electrical), survivability, habitability, multipurpose CSs). 

Also, the improvements in computer tools and 3-D models incorporating simulation 

and walk-through capabilities could potentially reduce the extent of physical 
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modelling (i.e. mock-ups of certain parts of the ship) that are expensive and time 

consuming to both construct and modify (Gale, 2003; Gates, 2005). 

Thanks to such major developments in computer graphics, it is evident that a more 

integrated and innovative ESSD is achievable (Andrews and Pawling, 2003) while the 

design is still being developed (Andrews et al., 2009). This then increases the 

designerôs ability to broaden the scope of the divergent phases of the design (Brown, 

1986), while enabling a more descriptive, comprehensive design to emerge. The 

resulting design should then better reveal what are the issues critical to major design 

and requirement decision making (Andrews, 1993). 

2.2.6 The Design Building Block Approach 

The proposal by Andrews (1981) to integrate ship architecture with the traditional 

numerical sizing was followed by the demonstration of ócreative synthesisô (Andrews, 

1984) that was presented in the paper entitled óAn Integrated Approach to Ship 

Synthesisô (Andrews, 1985). In this work, a simple hullform generator was employed 

to produce the hull and deck outlines of a frigate, followed by placement of 

compartments. A graphical facility was used for layout and spatial auditing and 

proceeded by extraction of space and weight data and reiteration. Based on the 

desirability of relative juxtapositions of specific compartments, the concept of 

producing ócircles of influenceô was proposed by Andrews (1985) as one way of 

developing an initial layout of a representative frigate before a hullform was sized and 

balanced. The combination of circles of influence of two groups of compartments is 

shown in Figure 2.11. Using this, Andrews (1985) produced the network 

representation shown in Figure 2.12 to illustrate the compartment relationships for a 

full synthesis. From this network, Andrews (1985) proposed positioning a disposition 

of compartment blocks on a graphical display as shown in Figure 2.13, at least for the 

major compartment groups in the main regions of arrangement conflict (e.g. 

superstructure and main through decks). Figure 2.13 demonstrates how a fully 

integrated ship synthesis might be carried out to produce a 3-D block layout of a 

frigate, around which a hullform could be ówrappedô (Andrews, 1985, 2003b). 
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Figure 2.11: Combining two sets of circles of influence from preferences in compartment 

juxtapositions (Andrews, 1985) 

 

 
Figure 2.12: A diagrammatic indication of a network representation of the compartment 

relationships for a full synthesis (Andrews, 1985) 
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Figure 2.13: A diagrammatic suggestion as to how a full synthesis suggested by Figure 2.11 

and Figure 2.12 might be accomplished (Andrews, 1985) 

Brown (1987) denoted the Junior Rates (JR) Dining Halls as an obvious example with 

many layout relations that can be used to form ócircles of influenceô (e.g. adjacent to 

and have good access to the galley complex and various types of store rooms, sited in 

areas of low vertical acceleration). Andrews (1985) also regarded the location of 

operational spaces like the Operations Room, machinery spaces, as well as 

accommodation spaces (given their preponderance in the space disposition) as the 

most important dispositions that should be central to the creation of ócircles of 

influence.ô The study was however restricted due to the limited capabilities of 1980sô 

computers. The initial hullform, and thus deck plans, were developed using hull 

coefficients typical to frigates, that would not be easily available for exploring 

unconventional shapes and more general hullforms (Andrews, 1998). Nevertheless, 

the approach ensured that the disposition of principal spaces could be used to 

determine both the initial sizing and selection of hull dimensions, thus avoiding a 

purely numerical sizing and parametric survey process. Andrews (1985) demonstrated 

a more óholisticô approach to a fully integrated ship synthesis (Figure A1. 5, Appendix 

1) and revised the initial sizing process (Figure A1. 4, Appendix 1) to produce a 

process (Figure A1. 6, Appendix 1) that integrates the preliminary layout into the 

numerical synthesis process. 

 






























































































































































































































































































































































































































































































