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FOREWORD

Change is a common event of significant impact to everyone. Some people seek it
and others dread it. Yet without change there would be no progress. Without progress an
organization or industry will eventually die.

Some changes are pleasant for everyone, such as more money, a new house, etc.
Yet in many other aspects the norm is “Don’t rock the boat” and “Leave well enough
alone.” The problem is the boat is old and sinking, and all is not well in the U.S.
shipbuilding industry. Thus change to improve the situation is justified.

However, everyone proposing change is faced with the problem of resistance to
change, which was well described by Machiavelli over 450 years ago in his book The
Prince. His description is still appropriate today and therefore is worthy of quote.

It ought to be remembered that there is nothing more difficult to take in
hand, more perilous to conduct, or more uncertain in its success, than to take
the lead in the introduction of a new order of things. Because the innovator
has for enemies all those who have done well under the old conditions and
lukewarm defenders in those who may do well under the new.

Even with such a dire and unfortunately time-proven warning, this is a book about
change. But not just change for change’s sake. I believe that the proposed changes are
necessary for U.S. shipbuilding to survive into the next decade. They may even assist in
making the industry competitive with other developed countries if applied with the right
attitude and in cooperation with the other necessary changes in shipbuilding management
practice, computer application, production processes, and material control.
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PREFACE

Shipbuilding in many traditional shipbuilding countries is at a cross-road. The rate
of progress has been rather slow compared to the high-technology industries such as
aerospace and electronics. In shipbuilding, progress is measured over decades instead of
years or months. Everyone in shipbuilding knows what the historical progress has been,
namely, wood to iron to steel, riveting to welding, sail to steam to diesel to nuclear to gas
turbine propulsion power; and paddles to propellers to water and air jets.

In the last two decades there has been significant progress on the production side of
shipbuilding in construction techniques and production control. The availability of
computers has definitely been one of the major reasons for this. Another is that as the
size of ships increased, so did the facilities to build them. Unfortunately, in some countries
ship designers and engineers did not maintain their leading position in the shipbuilding
process. Some engineering departments, by maintaining traditional engineering
approaches, even hampered and slowed the progress by causing the need for reworking the
engineering information into a form compatible with the actual shipbuilding approach.

To overcome this situation, practices such as production engineering and design for
production developed. While it is a basic requirement of all good design that it be the best
possible for production, it is obvious that this was not happening. Design for production
has been around for over a decade, but its incorporation into normal ship design and
engineering has been slow. Coupled with design for production and production engineering
is the need for production-oriented engineering information, and some shipyards have been
even slower in adapting to this necessary change. It is inconceivable to the author that
design agents and shipyard engineering departments still prepare traditional total system
working drawings for today’s shipbuilders. It is not clear where the fault for this situation
lies. Is it engineering’s lack of production knowledge or tradition-bound stance, or is it
some production departments’ attitudes, such as “Just give us the plans on schedule for
once, and we will build the ship in spite of its unproducibility,” and “We don’t need
simplified engineering information, we can read blueprints”? Whatever the reasons, they
must be changed if a shipyard or a shipbuilding industry is to improve its competitive edge
by full utilization of all the best tools and techniques available to it.

This book has been written to assist those engineers, designers, drafters, and
engineering planners who want to regain their leadership position, to understand and
apply some of the necessary techniques for successful engineering for ship production. The
book is organized into three parts, namely:

Part I: Design for Ship Production
Part 2: Engineering for Ship Production
Part 3: Engineering Organization for Ship Production

The last part is a necessary part of this book, as it is the framework which permits and
promotes the successful working of the other two parts. Shipbuilding management is like
that of any other industry. It consists of both general management principles and
techniques, and specialized applications to suit the particular needs of the industry. The
latter is covered in this book, and in particular, its requirements for Engineering for Ship
Production.

Thomas Lamb
Edmonds, Washington
July 27, 1985
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INTRODUCTION

The term design for production is well known to present-day ship designers. It
refers to a specific approach to the design of fabrication details. It takes into account
production methods and techniques which reduce the production work content, simplify the
complexity of the work, and fit it to the facilities and tools available, yet meet the specified
requirements and quality. To some designers, this may appear to be the basis of any good
design! However, it is obvious from the development of the design-for-production approach
that this is not the general case today. Somewhere along the way designers have lost the
purpose of their work, together with an understanding of production methods, and how
their design decisions directly affect the construction cost.

Engineering for production determines the best techniques to transmit and
communicate the design and engineering information to the various users in a shipyard.

The traditional approach to design and engineering was normally performed without
any real input from the production department. Because of this, it is called the isolated
engineering approach, and is defined as follows:

Isolated engineering is the approach where although design details are shown,
they incorporate no production input or decisions such as block boundaries,
piping flange or weld breaks, preferred details to suit production methods, etc.

It usually took a long time to develop the engineering and then for the production planning
to reorganize the information into a production-compatible form.

The opposite extreme to isolated engineering is obviously integrated engineering,
which has a deliverable end product that is completely compatible and directly usable by
the production department. In integrated engineering certain drawings must still be
prepared for the benefit of the owner, chartering agents, etc., for the operation and
management of the ship after it is delivered, but these are small both in number and work
content compared to the required production drawings. Integrated engineering does not
permit the required engineering effort to be separated into “non-production” and
“production.” It provides information required by the production process, compatible with
the way the ship will be built, utilizing the facility to its best advantage. It thus prevents
unnecessary engineering work from being performed, and therefore saves engineering and
planning manhours through the elimination of duplication and wasted effort. Obviously,
this also enables the engineering lead time to be shortened, both due to reduced manhours
and better sequencing of the engineering information issue.

Most U.S. shipyard engineering is somewhere between the two extremes, but nearer
to isolated than it should be, considering today’s objectives of reduced cost and shortened
construction time. The most frequent situation in the U.S. is where an engineering
department, or its design agent, prepares the engineering information on a complete ship
single item (system) basis, but with considerable production decision information
incorporated into it. Then another group, usually within the production department, takes
engineering’s information (drawings, sketches, material lists, etc.), and converts it into
production-compatible information. This often requires further drawing effort, such as
assembly sketches for structural blocks, piping detail sketches, lofting nested plate
sketches and layout tapes, etc., for incorporation into work packages.
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Production-oriented engineering is being practiced by some U.S. shipyards through
the efforts of various groups providing technology transfer from countries and individual
shipyards that have clearly developed the integrated engineering approach. This has
become quite an emotional issue to many engineering and production employees, and it is
difficult in such cases to objectively discuss the issues. Opponents frequently raise the
spectre of unacceptability by stating that:

® The customer will never accept block and advanced outfitting
drawings!

® We tried something like it before and it will not work in our yard!

® Production will never accept engineering doing their work!

® Production managers and supervisors are insulted by simple work
station or production drawings!

Once the objectives of integrated engineering are understood, all the above prove to be
incorrect. Customers are enthusiastic about the integrated engineering approach when it is
correctly explained to them, and some of the cost benefits returned to them. Production
departments quickly appreciate the benefits when they receive the information they need
in shorter time, and in an easier to understand form. It also alleviates the problem of the
shortage of well trained and fully qualified craftsmen. The obvious reduction in production
department manhours for planning and production engineering are additional reasons for
their appreciation of the approach. The customer (shipowner) also finds that integrated
engineering product drawings are better than the single system isolated engineering
drawings for the maintenance and repair of the ship. Repair yards learn to prefer
integrated engineering product drawings, as they can see all the structure and systems in a
local area on one drawing rather than many, thus simplifying their planning, engineering,
and estimating the repair cost.

Table I.1 summarizes the major differences between isolated and integrated
engineering along with the benefits' of the latter. Figure I.1 shows a typical design,
engineering, and production schedule for the isolated engineering approach, and Figure 1.2
shows the same for the integrated engineering approach. By comparing the two approaches
it can be seen that the integrated engineering approach enables the production department
to commence construction earlier and to complete the ship in a shorter time than the
isolated engineering approach. This is because the engineering information for the first
block is completed earlier than would be the many item drawings that the isolated
engineering approach would need to complete before construction could commence. This in
turn enables the lofting, processing, assembly, and outfitting of the block to occur earlier,
resulting in the shortening of the construction time. Figure 1.3 shows that even though the
integrated engineering approach increases the engineering effort, the total result is
significant productivity improvement through manhour savings in planning, lofting, and
production.

Both the isolated and integrated engineering approaches could use the design for ship
production detail ideas presented herein, but unless it is with the involvement and
agreement of both the engineering and production departments, the isolated engineering
shipyard may not select the detail that would be the best for the shipyard. The
design—for-production approach described in Part 1 should therefore be of use to most
designers. However, this phase is only the tip of the iceberg. To achieve the complete goal
of having the competitive edge over the competition through increased productivity, it is
necessary to fully utilize the integrated engineering approach. To do this, it is necessary to
utilize engineering for ship production. Part 2 describes this approach and its techniques.
Part 3 discusses the engineering organization and management necessary to ensure the
successful application of the first two parts.
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PART 1

DESIGN FOR SHIP PRODUCTION

1.1 General

Notwithstanding the fact that all engineering design should be prepared to be the
best possible for production, while meeting all the customer’s requirements for quality,
service, and maintainability, and thus be the most cost effective for the customer, it seems
that ship designers have not kept this in mind as the industry changed from a craft to a
process activity. Over thirty years ago, shipyards were craft organized, and the various
engineering groups as well as production groups tended to work in isolation from each
other. The amount of detail shown on the engineering drawings was quite small as the
craftsmen were expected to and were able to use their training and experience to develop
details on the job. As long as ships were assembled on the building berth in many small
individual parts, this system worked quite well. Productivity depended almost entirely on
the effort and ability of the production craftsmen. When welding replaced riveting, two
important changes took place. First, it required better accuracy in cutting and fitting
parts, which provided the impetus to develop better lofting and steel processing through
optical projection and then computer-aided lofting and computer-aided manufacture.
Second, it enabled structural prefabrication to take place in shops and platens away from
the building berth.

Another significant event in ship production occurred during World War II when the
U.S. was called upon to be the shipbuilder to the Allies. The techniques adopted at the
multiple-ship shipyards were geared toward mass production, and to overcome the use of
inexperienced labor. Extensive prefabrication was planned into the design to allow an
assembly line approach to be used. Simplified engineering drawings were provided to the
workers. Very detailed planning and scheduling of material receipt, processing, and
installation were used along with a highly developed production control of the construction
processes. This was possible due to the repetitive processes performed at each work
station. Erection panels of up to fifty tons were handled in some of the shipyards. At the
end of the war many shipbuilders closely examined the techniques developed in the U.S.
shipyards and adapted them to their own facilities, and in some cases improved on them,
as in the case of the National Bulk Carriers shipyard in Japan.

Ship production has continued to progress since then, going from simple
prefabricated and pre-outfitted panels to 1,000-ton completely outfitted blocks. The
construction of a new shipyard by Burmeister and Wain in 1960, which included a gantry
crane of 600-ton lifting capacity, was the start of the development of high-output ship
production facilities. The next significant development was the construction of the
Gotaverken extrusion shipyard at Arendal in Sweden. After that a whole series of new
shipyards was constructed throughout the world, but mainly in Japan. Many innovations
were developed by the Japanese, and they became the leading shipbuilder in the world.
The challenge facing existing shipyards was how to take the new technology and adapt it
to their existing facilities with only the minimum investment necessary for them to stay
competitive in their own market. New shipyards were generally constructed to build one
or two types of ships, such as tankers and bulk carriers. As long as there was a sufficient
market for those ship types, the specialized shipyards were the most efficient. With the
downturn in demand for large bulk-type ships, and the general depressed market for all
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shipbuilding over the last decade, these specialized shipyards have lost their attractiveness
due to the need to produce diverse ship types. Fortunately, it was possible to obtain
significant increases in productivity in existing shipyards without large investments in
plant and construction equipment by redefining the ship design approach and planning the
construction of the ship at the same time as the preparation of the drawings, thus being
able to influence the design to suit the intended building plan.

Out of this era of noticeable change followed by the depressed shipbuilding market of
the late 70s, the need for consolidation of facilities and ship production techniques
developed. Along with this came the clear need for ship designers to become cost conscious
as they applied their talents to the design of future ships. These are the conditions that
have given birth to design for ship production, which is really design for minimum cost of
ship production. This is accomplished by using the most efficient method of construction
while still satisfying the many compromises resulting from conflicting requirements
between the owner’s desires, regulatory and classification rules, and the need to have a
competitive edge over the other shipyards. The need is obvious and it should not have
been necessary to develop a new “science” to achieve it. However, it seems that ship
designers have not, in general, changed with the changes in ship production and responded
to the new needs. Many shipyard engineering departments continue to work in isolation,
without taking into account the producibility of their designs.

It has been suggested by a number of sources that this occurred in the U.S. due to
the fact that almost all the design and most of the detailed engineering has been and still is
prepared by design agents and not by in-house shipyard engineering departments. When
a design agent prepares a design for a shipowner, it is probable that no shipyard has been
selected to build it at that time. It is therefore difficult for the design agent to include
production aspects into the design for a given shipyard. This is most unfortunate, as it is
at this stage in the total production process of a ship that the cost is being established and
where there is the greatest opportunity to favorably, and vice versa, affect it. This is
clearly shown in Figure 1.1, which shows that as the process moves from actual
construction, the ability to influence cost, and therefore achieve cost savings, diminishes.

It would be normal to expect that design agents should be able to utilize all the cost
influence to good purpose during detailed engineering development for a specific shipyard,
but this is not known to have occurred. There are many reasons for this, and in defense of
the design agent, it is acknowledged that they can only do as good a job as the shipyard
demands of them. They are in the service business and their goal is to please the
customer. Why should they stick their necks out and try to change the shipyard’s
thinking? It is very difficult for a design agent to accomplish the goal to become an
integrated extension of a shipyard’s own engineering department. Theoretically, it should
be possible, but only if the work is performed under a cost-plus contract. This is because a
design agent’s objective can only be to do as good a job as it can for the shipyard, and at
the same time make as high a profit as it can in the competitive market it serves.
Whereas, the shipyard’s requirement of the engineering activity is to provide the
production department with the information it needs, in the best form and quantity to
enable them to construct the ship in a way that the total cost to the company is less than
any of its competitors. This may require more than normal engineering to be provided,
and if a design agent were to offer such an approach, it may be priced out of the running if
competitors offer just the usual. Even when this is fully understood by all shipyard
management, it is a brave and unusual engineering manager that will give a design agent
a cost-plus contract to perform the engineering for a ship that his company was awarded
on a fixed-price basis.

10
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Dr. Shinto, of IHI fame, in his lecture to The University of Michigan Shipbuilding
Short Course in 1980, stated:

The basic design activity of the shipbuilding company is the core of the
vitality of the company. It is the fundamental significance of the existence of

the basic design department to pursue the question of what performance the

vessel should have, and how, and at what cost the vessel should be built.

Thus the basic design department should be at the core of the activity of the

company. In this philosophy, and based on the experience of management in

the Japanese shipbuilding industry, the marine consultant system so familiar

in the U.S.A. is not very understandable. The existence of a shipbuilder with

no such core for the development of basic technical progress is entirely beyond

our comprehension. . . . Especially in cases when the issue of data is

mistimed with respect to the production schedule, the data can be entirely

without value. We have just had such bitter experiences when the design for

an American owner was done by a consultant. It is our opinion that even

when a consultant is employed, the consultant’s activity should be confined to

basic design which decides the performance and capability of the ship. All

production design should be done in the yard.

How wonderful it would be if the solution was that simple! The reason for the
marine consultant system in the U.S. goes back to the 1936 Merchant Marine Act, and the
requirements that shipowners submit preliminary and contract designs to the Subsidy
Board of the Maritime Administration before their application for construction differential
subsidy could be approved and sent out to shipyards for competitive bids. Today, the main
reason is the inability of the shipyards to maintain an in-house engineering staff large
enough to handle the compiete design and engineering for a new ship due to the lack of a
long-term shipbuilding program to utilize them over a long period of time. The resulting
prospect of hire and fire is unacceptable to most shipyard managements. The alternative
to marine consultants that is available to shipyards is to follow the trend of the U.S.
aircraft industry and to hire temporary help, but this approach certainly does not lend
itself to better production-oriented designs for specific shipyards.

It is therefore essential that in the U.S., the design agent reverse the current lack of
production consideration in designs and drawings by taking the lead in introducing design
for ship production into all future contracts in which they are involved. At the start of any
design for a specific shipyard, and especially when preparing the detailed engineering, it is
imperative that the design agent spend the time with the shipyard planning and production
staff necessary to develop an understanding of the shipyard’s facilities, planning methods,
preferred approaches to constructing the ship, and the design for ship production standards
that the shipyard has decided is best for them. A big problem that the design agent must
resolve is the lack of shipyard and, more specifically, ship production experience of their
staff. Design agents will have to develop some innovative ways for their staff to obtain
this experience, such as long-term agreements with shipyards to take the design agent’s
engineers and designers and put them through specially developed shipyard training
courses.

As already stated, the use of design agents for both design and detailed engineering
is not the only reason for this lack of production-oriented design and engineering. It is
obvious that the shipyards have not demanded it! Unfortunately, it seems that the
interfacing team in the shipyards was not ambitious enough to take the necessary steps to
bring it about. This is probably the reason why in countries where design and engineering
is prepared by in-house engineering departments, it has still been necessary to push the
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design—for-production approach, and to teach it to both new and existing ship designers
and production managers and workers as a new science.

While the correct application of industrial engineering techniques to shipbuilding will
be of significant benefit, its application has in many cases only increased the isolation of
the engineering department from the production activity and resulted in increased cost due
to its being applied after the design is completed and the development of the detailed
engineering well underway. This is equally true of the situation when production
engineering groups are established within the production department. For this to be done,
the shipyard management must first believe that it is beneficial to split and specialize
engineering into two parts, namely, design and production. It is strongly suggested that
this is fundamentally wrong and is where most of the interfacing problems originated.
There is only one type of acceptable technical engineering, and that is when its
producibility is fully and adequately considered from its conception. Of course, this
approach requires that ship designers and engineers obtain knowledge of and experience in
production processes and techniques and also be willing to accept the increased
responsibility. They must stop being specialists and develop the ability to see the “big
picture,” even when considering a single detail. They must be able to develop engineering
as a simulation of the actual construction of the ship. That is, it must be developed on a
complete space basis involving all structure, machinéry, piping, ventilation, electric
equipment and cable, and outfit, rather than one item (system) at a time, such as the
complete main deck structure or the fire main system for the complete ship, but still be
fully aware of the need to integrate all systems on a complete ship basis.

The concepts of design for ship production are presented in the remainder of Part 1.
It is usual to refer to only design for preduction. However, the insertion of ship into the
title was deliberately done to make it clear that more than the techniques of design for
production are being offered. The actual application of the concepts to shipbuilding is being
presented, and the details proposed are directly usable in ship design.
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1.2 What is Design for Ship Production?

Design for production as a term has been in use in production engineering since the
late 1950s, where it applied to the linked functions of production design and process design
[1).} The production design covered the preparation of the engineering information that
defined the production. The process design covered the development of the production plan.
Therefore, as originally conceived, design for production covered not only the design of the
production but also the design or selection of tools, methods, and production sequence for
least cost. Design for production is the correlation of production design with the available
or planned facilities and production methods. As such, a designer could not perform well
at it without knowing or being advised as to how the design would be produced. Obviously,
in the age of specialization, designers were not expected to know both production and
process design, and separation of the function into design engineering and industrial
engineering resulted. For this to work at all, good communication is essential. This is
difficult in most organizations, especially between specialists, and it is understandable that
it has only been partially successful in some industries. To overcome this problem, it is
being proposed that the ship designer accept more responsibility for the producibility of the
design. To accomplish this, the ship designer must be better educated in production
processes and relative costs.

More recently, design for production has been defined as the deliberate act of
designing a product to meet its specified technical and operational requirements and
quality so that the production costs will be minimal through low work content and ease of
fabrication. It is simply addressing the fact that today’s ship designers have a
commitment to assess their ship designs for cost effectiveness. To do this, they must
consider the relative efficiencies of available production processes and construction
methods. This places additional responsibility on the designer. However, it must be
willingly accepted, because if it is not, the effect on production costs can be fatal to his
shipyard. Today’s ship designer has both the opportunity and the obligation to design
ships so that the minimum total cost is achieved. This opportunity cannot be seized by the
ship designer in isolation. It is only possible through an awareness of the facilities and
production techniques and methods used in the shipyard that will build the design. This
necessitates continual interface and cooperation between the engineering and production
departments.

Ship designers cannot eifectively design for production without knowing how the
ship will be constructed. Therefore, the principal problem for design for ship production is
the development of this knowledge for engineering. This can be accomplished by the
development of shipyard production specifications for each shipyard and building plans for
each ship to be constructed prior to commencing detailed engineering.

Ship designers are constantly referring to the ship’s contract specifications for the
performance requirements of the ship as well as the standard quality. It is suggested that
every shipyard should have a production or producibility specification. This production
specification would list facilities, equipment capacities, critical limits, standards, preferred
design details, assembly and installation techniques and approaches. Then the engineering
department would follow the production specification while developing the design and
detailed engineering for the ship.

There is one other document necessary to complete the production information for
the engineering department, and that is the building plan. Obviously the building plan

INumbers in brackets designate references at the end of each section.
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follows the production specification, but details its application for a specific ship. It should
define module boundaries, assembly and module construction sequence, module erection
sequence, extent of advanced outfitting, and master construction schedule. From this the
engineering department would develop its drawing list and preparation schedule. The
building plan must be developed through input from both production and engineering
personnel with adequate overall, as well as detailed, knowledge of ship design, detailed
engineering, production processing, assembly, and erection.

It is most important that quality be given prime importance throughout the
application of design for ship production. This is because, just like cost, the greatest
potential to ensure product quality occurs during the initial design phase and diminishes
through detailed engineering and actual construction. If the quality of the design is good
and easy to fabricate and utilizes the facilities to their best advantage, then the easier it is
to obtain high product quality.

Before examining the concepts and application of design for ship production, it is
worthwhile to review, in general terms, the major factors of the operation of a shipyard
which influence its costs to construct ships. First, it is necessary to have some
understanding of the shipbuilding process, and this is conceptually shown in Figure 1.2. It
can be seen that it is divided into four phases, namely:

1. Production Definition Including engineering, planning, material
procurement, and manufacturing data

2. Component Process Where either raw steel is processed into usable
components or equipment is received

3. Assembly Process Where structural components are assembled and
packaged machinery units constructed

4. Ship Joining Process Where structural modules are joined together and
machinery, equipment, distributive systems, and
outfit not previously installed in the modules are
installed in the ship

It can be seen that two control systems span all four phases, namely, quality control and
production and material control. If engineering and planning output is considered as
material necessary to build the ship, the horizontal line shown below engineering and
planning would move above them.

Second, an overview of ship construction costs can be obtained by reviewing a
typical shipyard “Ship Cost Estimate Summary Sheet.” In the U.S., with its heavy
dependence on naval ship construction, the estimate form usually follows the Navy Ship
Work Breakdown groupings. Such an estimate summary sheet is shown in Table 1.1.
The direct costs consist of work tasks which must be performed to accomplish the
construction of the ship. However, the work task grouping is on the basis of ship systems
rather than the way the ship will be built. It is feasible that with the availability of
computers and simulation methods that a computer estimating system based on the
simulation of the actual construction process could be developed. This would enable a
superior cost—control method to be developed and give the ability to zero-in on the high cost
processes, and target them for detailed cost analysis and productivity improvement.
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TABLE 1.1

TYPICAL COST ESTIMATE SUMMARY SHEET

DIRECT COSTS

Group 1: Hull Structure

Group 2: Propulsion Plant

Group 3: Electric Plant

Group 4: Command and Surveillance

Group 5: Auxiliary Systems

Group 6: Outfit and Furnishings

Group 7: Armament

Group 8: Integration/Engineering

Group 9: Ship Assembly and Support Services
TOTAL DIRECT COSTS

INDIRECT COSTS

Overhead

Escalation

Overtime

Bond

Insurance

Financing Interest

Owner Furnished Equipment Fee
Liquidated Damages

Delivery .

TOTAL INDIRECT COSTS

TOTAL COST
PROFIT
MARGIN

Total Price

Whatever method is used, each work task has a minimum work content in
manhours and duration which assumes that conditions are ideal, and that everything is
done in the best possible way. How this ideal work content relates to actual manhours has
been well described by Todd (2], and the following approach is based on his work. The
total time to perform a given work task under existing conditions is made up of both
effective/necessary time and ineffective/unnecessary time. The effective/necessary time
consists of the minimum or ideal time plus additional time because of both design and
production inefficiencies. The ineffective/unnecessary time consists of that due to
management inefficiencies and that within the control of the individual worker.

Figure 1.3 graphically shows this division of total work time. This approach can be
used, first, to examine just the engineering function, in which case all parts of it would be
considered. This will be examined further in Part 2: Engineering for Ship Production.
Second, with regard to design for ship production, the “Work Content Added By Defects in
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Design” is the only item necessary for further consideration at this time. All the other
items are of importance, and must be solved to obtain improvements in total productivity,
but are outside the control of the ship designer, and for that reason alone will not be
examined any further. A good familiarization with them is, however, beneficial from the
overall process awareness, and a complete knowledge of the “Work Content Added Due to
Production Inefficiencies” is essential to the ship designer practicing design for ship
production. For this reason, the “Work Content Added” for both desigh and production
inefficiencies is shown in Figure 1.4 in more detail. Figure 1.5 shows methods and
procedures that can eliminate the inefficiencies that add work content to the task. Design
for ship production covers the first and last of the items identified under “Design Work
Content Added.” The middle two items causing increased work content due to design
relate to transmittal of engineering information, and as such will be examined in detail in
Part 2: Engineering for Ship Production.

Todd [2] also proposed that productivity could be defined by three factors, namely,
performance, method, and utilization, and suggested that by applying them as the three
coordinates of productivity space, the benefits resulting from improvement in any one of
them would increase the productivity in direct proportion, but that improvement in all of
them at the same time would have a multiplying effect, resulting in greater productivity
improvement than if they were simply added. This approach is shown graphically in
Figure 1.6.

A&P Appledore have examined productivity factors in British, U.S., Scandinavian,
and Asian shipyards. The productivity gap between the best British and U.S., and the
Swedish and Japanese is significant. From analysis of the many inputs, they were able to
conclude that modern facilities, advanced technology, or lack of union and demarcation
problems were not solely responsible for high productivity. There are modern shipyards
suitable for advanced technology that still have poor productivity. There are also
shipyards with strong union influence which have high productivity. It is also well known
that the Japanese shipyards achieved their high productivity without advanced
computer-aided systems. Fortunately, they were able to recognize that all
high-productivity shipyards had one capability in common, and that was the ability to
organize work, such that facility utilization and labor utilization are optimized.

The productivity space concept can be used to explain this. Instead of method,
utilization, and performance, consider facilities, management, and labor utilization. A low
value in any one can offset improvements in either or both of the other two. For example,
consider that the average value for the three factors for U.S. and British shipyards is 1.0.
Then a possible combination for a Japanese shipyard could be:

Facilities 1.3
Management 1.3
Performance 1.2
Productivity = 2.03

Now if the British or U.S. shipyard decides to improve productivity by modernizing
facilities without improvements in management or performance, then the productivity
factors would be:

Facilities 1.4
Management 1.0
Performance 1.0
Productivity = 1.4
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This is still far below the Japanese productivity. Use of productivity space also
shows how good management and worker performance can far out-perform a new
shipyard with low management or performance. For example:

Facilities 0.8
Management 1.3
Performance 1.3
Productivity = 1.35

It is therefore clear that if a shipyard desires to improve productivity they should
first determine the values of the three productivity factors and see where the lowest value
is, and work to improve the lower two factors before changing the best. It is illogical to
invest large sums of money to improve or build new shipyard facilities if existing
utilization and performance are low. The exception to this is if improvements in all three
are intended, thus allowing a quantum jump in productivity. For example, a new facility
giving a 30% improvement coupled with 10% improvement in both utilization and
performance would give almost a 60% improvement in productivity. Increases in both
management and performance can be effected through design improvements. The problem
is how can improvements in design be measured?

Two recent papers [3,4], by the same authors, on ship structural design for
production, relate that its application is ineffective without a meaningful appraisal and
that the appraisal must be based on a production—costing technique capable of taking into
account various physical design differences as well as production processes. While much
can be gained from the intuitive approach by knowledgeable and experienced designers,
with and without input from planning and production, it is still subject to differences of
opinion and the danger of errors of omission. That is, some aspect, process—or work
task—is left out of the consideration. It would obviously be better to use an industry—or
at least company-accepted merit factor on which to base the analysis. Unfortunately,
there is no such merit factor currently available, and it is necessary only to discuss this
matter with an experienced ship construction estimator to begin to appreciate the extent of
this problem. Ship cost estimating systems do not consider the design or construction
tasks in sufficient detail to be able to be used as a design for ship production merit factor.
For example, for structure, the most detailed cost-estimating systems use combinations of
total ship or module steelweight, module complexity factor, average weight per unit area,
and joint weld length. These are not enough for a merit factor that will allow changes in
details to be compared. What is required is a method that takes into account all the design
and production process factors that can differ. At the present time such a method does not
exist, nor is there an existing historical data library on which to develop such a system. It
is therefore necessary to develop an approach, and then to collect the data required to use
the system. This is where the application of work measurement and method study
techniques can help. One effective way to develop a suitable merit factor is to collect a
quantity of related data, and to obtain an equation fitting the data through the application
of regression analysis. This is done by stating the equation in the form:

DFSPMF = a; + a;Factor; + a,Factor, + ...

The right-hand side of the equation may actually be a combination of factors. The data
can be obtained from actual case studies, deliberately selected to cover all design and
production factors, and in sufficient different combinations so that the equation can be
solved and the regression coefficients obtained. Then a trial period is necessary where
other case studies are chosen and the derived regression equation used to predict the work
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contents. These are compared with the actual results of the case studies, and error
analysis used to refine the coefficients.

From the above description, it should be obvious that what is proposed is not a
simple exercise. Significant effort and thus cost would be involved as well as interruption
of normal work in a shipyard. Nevertheless, it is necessary that the approach be
completely developed if full benefits are to be obtained from the use of design for ship
production.

This has been done by J. Wolfram [5] for welding manhours in a shipyard panel

shop. The resulting regression equation developed in this case was:

Welding Manhours = 2.79 + NPS + 0.0215 « JLFB - tgg
+ 0.097 + JLCB - tcg + 0.017 - JLF - FCSA

where:  NPB = number of panel starts
JLFB = weld joint length of flat panel butts
tre = thickness of flat panels
JLCB = weld joint length of curved panel butts
tep = thickness of curved panels
JLF = joint length for fillet welds
FCSA = cross-sectional area for fillet welds

The prediction accuracy of the equation is still not high, but it is better than the
shipyard’s experience with the simple joint length/manhours approach. With continued
use, it is expected that the accuracy will be improved.

The same approach could be used for all other shipbuilding processes with the final
system becoming an effective labor-estimating system for both new construction cost
estimating and tradeoff analysis.

" Until the approach is fully developed for all processes, a less precise but similar
approach could be used by applying known data and estimates for each design alternative.
Table 1.2 is a suitable form to perform an appraisal manually for steel structure.
Obviously, it could be performed by writing a computer program to perform the
calculation, and it is even feasible to link the program with an interactive computer
graphics system which would provide the merit factor program with the design and
production factors required. Similar forms or programs could be developed for all other
systems and production processes.

Design for ship production can therefore be applied in a number of ways, varying
from a simple ease of fabrication “gut” decision to very detailed analysis through cost
analysis using work measurement and method study techniques. The latter are considered
the domain of industrial engineering (IE), but a good understanding of them will improve
the ship designer’s ability to prepare the best production-oriented designs for a given
shipyard. In fact, it would be ideal if every ship designer could spend some time in the
Industrial Engineering Department participating in work measurement cases. The study
and review of actual work measurement shipyard case studies is the next best, and the
minimum level of involvement for ship designers practicing design for ship production.
Unfortunately, for both the shipbuilding industry and for the ship designer, such IE case
studies of shipbuilding are few in number and not readily available. Although some
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What is Design for Ship Pmdu¢tion PART 1

shipyards have and still use work measurement techniques to assist them to define
efficient production development, processing, facility layout and material handling, many
consider it unsuitable for their operations, and look upon it as only useful when worker
incentive schemes are to be implemented. This is partly because of the bad publicity and
inaccurate reporting of some applications in the past, due to inexperienced users, and
partly because early work measurement techniques required a level of detail and control
that is not usually found in shipbuilding organizations. A number of simplified work
measurement systems have been developed since the birth of the technique, and these are
an effective tool for any shipyard desiring to improve its productivity. One of the best
known is the MOST system [6]. Its name is an acronym for Maynard Operation Sequence
Technique. The system uses an alphabetic code for certain human movements and
equipment activities. Over many years of experience and computer analysis of the
numerous case studies performed with the system, three sequences were identified that
generally cover all manual work. Next, the activity identified by the alphabetic code was
quantified by assigning a numerical suffix to the code letter which was based on extent and
difficulty of the activity.

Most ship designers will not have either the experience or the time to use work
measurement techniques, such as MOST, in their normal design decision process.
However, if an industrial engineering capability exists in their shipyard, they should take
every opportunity to use it, and to work with the industrial engineers to arrive at the best
design for their shipyard. If such a capability does not exist in the shipyard or it is too
busy with the many other areas they are involved in, and it is not reoriented by
management, design for ship production can be performed. The ship designer with a team
from planning and production can examine the different ways to design a detail, and rank
them on the basis of a merit factor considering various producibility and cost aspects.
When complete, the selected “best” design and the selection analysis can be sent to other
departments that are involved in the process, for their review and corcurrence. It is
strongly recommended that a design for ship production team be established to review and
maintain a shipyard’s existing standards, and at the early stage of all new ship design
development to ensure that the design will be the most producible and cost-effective design
for their shipyard. Table 1.3 is suggested as a minimum procedure for applying design for
ship production based on experience and intuition of such a team.

The lack of a suitable analysis method and the shortcomings of the intuitive or “gut
feeling” approach should not be allowed to dissuade ship designers from applying design for
ship production in this way. With its constant application, questions will be asked which
will result in a better understanding by engineering of production’s problems and vice

versa.




PART 1 What is Design for Ship Production

TABLE 1.3

APPLICATION OF DESIGN FOR PRODUCTION

1. Examine Existing Design

Count the number of unique parts
Count the total number of parts
Count number, type, and position of joints
Evaluate complexity of design
¢ Simple measuring
Simple manual layout
Complicated manual layout
CAD/CAM applicability
Required manual processing
Required machine processing

peop

e. Producibility aspects

Self-aligning and supporting

Need for jigs and fixtures

Work position

Number of physical turns/moves before completion

Aids in dimensional control

Space access and staging

Standardization

Number of compartments to be entered to complete work

2. Examine Alternative Design(s) in Same Manner

3. Select the Design that Meets the Objective of Design for Production, which is:

The reduction of production cost to the minimum possible through minimum work
content and ease of fabrication, whilst still meeting the design performance and
quality requirements.
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PART 1 Basic Design

1.3 Basic Design

1.3.1 GENERAL. Basic design covers all design from conceptual through contract.
However, in some shipyards the only design that they become involved in is detail design,
such as structural calculations and analysis, and system sizing based on an
owner-prepared contract design and specification. The subject of ship design is well
covered in many books [1,2,3,4,5,6] and in the transactions of the naval architecture and
marine engineering professional institutions [7,8,9,10,11,12,13]. It will only be discussed
to the extent necessary for the incorporation of design for ship production.

The extent of basic design varies from shipyard to shipyard and even in the same
shipyard for different shipowners. One shipowner may be quite specific about what is
required and present a very detailed contract design package. At the other extreme, the
shipowner may simply state ship type, cargo deadweight, speed, and crew size.
Considerable effort has been expended by researchers and designers in developing
computer programs which optimize the design characteristics based on a particular merit
factor [14,15,16,17,18,19]. The following items have been proposed as merit factors:

Item Proposer
Construction Cost Shipyard
Propulsion Power Designer
Steel Weight Shipyard
Deadweight Coefficient Designer
Freight Rate Owner
Capital Recovery Factor Owner
Return on Investment Owner

The proposers all had good arguments why their choice was correct, and perhaps it
was in a given unique situation. However, the economic performance of the ship in its
intended service is the only real merit factor. Some of the other items may be correct for
tradeoff analysis and sensitivity studies. It is well known that the Jowest—cost ship to build
will not be the least-cost ship to operate. It is further known that the minimum steel
weight ship will not be the least—cost ship to build [20]. Therefore, when computer
optimizing programs are being used to design a ship for actual construction, it is essential
that producibility aspects be integrated into the program.

For example, a particular shipyard may have building berth or dock limitation for
length, breadth, and draft; depth due to crane lift height; and structural block size due to
berth loading, transfer space, and crane capacity. A shipyard could decide ship breadth on
the basis of multiples of maximum plate widths or ship lengths for transversely framed
ships. It may be better, from the shipyard’s point of view and still be operationally
acceptable by the shipowner, to design a relatively long, narrow hull with extensive
parallel body, than a shorter and beamier hull with no parallel body, because of the
framing standardization and reduced shaping of shell plates, thus reducing total work
content.

It may also be “better” to design with a larger-than—class standard frame spacing,
and pay a weight penalty in thicker plating, as the reduction in work content would far
outweigh the increased material cost. Fortunately, most optimization studies show that
the proportions of an optimum design can be varied to suit building optimization with only
slight detriment in the operating optimization merit factor. This can be seen from the
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usual rather flat economic merit factor curves for a given ship size and speed. Therefore,
a design based only on an operating optimization study should only be used to select major
sensitive factors such as speed and size. Then the design details should be optimized for
each shipyard, taking into account producibility factors while maintaining a speed/power
performance close to the operating optimization relationship.

If for some reason the shipyard designers find the speed/power relationship is
wrong, then the operating optimization study should be rerun using the correct relationship
to see if the optimum size or speed changes. Once the design characteristics are selected,
it is necessary to marry every design decision with producibility decisions.

1.3.2 ARRANGEMENTS. When developing the arrangement of a ship, decisions
must be made regarding the location of cargo spaces, machinery space, tanks and their
contents, number of decks in the hull, number of flats in the engine room, number of tiers
and size of deckhouses, cargo handling gear type, capacity and location, accommodation
layout, etc. It is therefore obvious that the development of the arrangement of a ship has
a significant influence on its total construction work content. Yet it is usually performed
with minimum production input. The construction work content is greatly affected by
design decisions on:

(a) Hold or tank lengths

(b) Engine room location

(c) Machinery arrangements

(d) Cargo hatch sizes

(e) Double-bottom height

® Tween deck height

(@ Use of corrugated and/or swedged stiffening
th) Location of tank boundaries

@i) Deckhouse shape and extent of weather decks
G) Sheer and camber

In the current approach to ship production it is highly probable that the
arrangement designer specializes in arrangement design and has never had any feedback
from production departments on producibility aspects. The designation of the design
general arrangement drawing as a contract drawing has more adverse effect on the cost of a
ship due to unnecessary work content than any other contract drawing with the exception
of the contract lines drawing, which can be equally detrimental if prepared without any
regard to producibility.

(a) Hold or Tank Lengths. The frame spacing should be constant throughout
the ship’s length with the exception of the peaks, where the usual practice of incorporating
smaller spacing can be followed if it has no adverse impact on the producibility of the bow
and the stern. In the case of bulk carriers and general cargo ships, some designers
deliberately varied the lengths of the different holds and tween decks to equalize the
loading and unloading times [21]. This required that a vertical zone incorporating hold and
tween—-deck reefer lockers should be shorter than another zone without reefer lockers. Also
the length of the holds towards the ends of the ship were longer to account for the shape
forward and both the shape and shallower depth over shaft tunnels aft. Whether this
approach is really worthwhile is uncertain.

There is no question that a basic cargo handling balance should be provided in a well
designed ship. However, as the general cargo is hardly ever completely homogeneous, it is
suggested that any imbalance resulting because of standardizing the lengths of the holds or
tanks will be unnoticed in the operation of the ship. Container ships as well as bulk
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carriers do handle homogeneous cargo as far as the ship designer is concerned. The hold
or tank length should be a multiple of the frame spacing and be duplicated for each hold or
tank as much as possible. This will allow the structural modules to be standardized.

For example, in a ship with five holds, of which three are in the parallel body and
each hold has eight modules that are duplicates, then only eight different structural
drawings must be prepared for three holds. Whereas, if the hold lengths are all different,
then twenty-four structural module drawings are required.

~ When the standardization concept is carried over into lofting, process planning, and
actual construction, the labor and time savings multiply. This approach is simply applying
group technology on a macro level during basic design, thus ensuring it can be utilized at
the micro level during product engineering, lofting, processing, and work station assembly.
If it is necessary to vary the length of some holds or tanks, the length should be one or two
web frame spaces more or less than the standard length so that the standard drawings
can be extended to the non-standard hold.

(b) Engine Room Location. In small ships the engine room can be located
anywhere in the length that provides a workable loading/trim relationship for the intended
operations. For large ships the engine room is usually located aft of amidships. A popular
location for the engine room in cargo liners is the two-thirds aft position [22]. In all other
cases, the obvious producibility factors to consider are:

® Length of shafting.

¢ Engine room is not suitable for standardization of arrangement
and structure. Therefore, the engine room should be located in
the part of the ship least suitable for standardization. That is the
ends.

® A shaft tunnel or alley is needed except for the all aft iocation.

o All aft deckhouse requires more tiers to provide adequate line of
sight over bow.

Before the recent skyrocketing increase in fuel cost, a number of interesting novel
machinery arrangements were developed, usually for novel ship types, but sometimes for
traditional vessels such as tankers and bulk carriers. They were proposed for both
reductions in material and operational costs as well as ease of production. Some of these
which impact production are shown schematically in Figure 1.7.

(¢) Machinery Arrangements. The development of the machinery
arrangement consists of arranging the machinery and equipment necessary to propel and
service a ship into an easily fabricated, installed, operated, and maintained plant. Often
the machinery arrangement is developed during contract design as a contract drawing,
which means it cannot be changed by the shipyard without the permission of the
shipowner. To make matters worse, some machinery arrangements are still developed
without any logical approach to the layout of the equipment or any consideration of piping
and other system routing. Add to this the fact that very few contract machinery
arrangement drawings prepared in the U.S. are developed with advanced outfitting or
basic producibility in mind. The resulting dilemma facing a shipyard desiring to improve
the producibility of the design is, what to do?

Once a contract drawing is prepared, the designer and even the shipowner resist
any changes. To prevent this from occurring in the future, the ship designer preparing the
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FIGURE 1.7 (Continued): Engines in skegs.
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FIGURE 1.7 (Continued): Gas turbine/electric with above-deck turbine room.
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contract design must find out the shipyard’s approach to machinery space construction and
make sure the machinery arrangement is compatible with the approach. It is essential
that producibility be adequately considered during the development of the machinery
arrangement, not only in the equipment layout but for the surrounding structure.

This important point can best be illustrated by an example. Figure 1.8 shows a
typical large naval vessel machinery space arrangement consisting of two main machinery
rooms (MM#1 and 2) and a central control room. The ideal from a producibility point of
view, both MMRs should be identical arrangements, but that is obviously not possible in a
twin-screw ship. The next best arrangement is to make the MMRs mirror images about
the center line of the ship. This is possible if the shaft center lines are parallel to each
other, and are horizontal. Unfortunately, this is often not possible, and the different plan
angles and declevities of the shafts prevent exact mirror image spaces. However, even in
this case the machinery spaces can be mirror images except for the propulsion machinery
setting. The productivity benefits to be gained justify this approach. Obviously, only the
aft space has two shafts in it. The forward space should simply be a mirror image of the
aft space with the transiting shaft deleted. The mirror image requirements apply to the
surrounding structure as well as the machinery arrangement. It can be seen from
Figure 1.8(a) that duplicity of arrangements in the MMRs and surrounding structure was
not attempted. The following differences are noted:

® The aft transverse bulkhead in MMR#2 is flush, whereas in MMR#1 it
has stiffeners

® Vice versa for the forward bulkheads

® The casing is aft in MMR#1, and forward in MMR#2

® The control room is oriented differently with respect to each MMR

Figure 1.8(b) shows the same machinery arrangement developed to minimize necessary
design, lofting, and installation work content by incorporating duplicity as much as
possible. It should be noted that the control room is now in the same relative transverse
location for each MMR, but obviously it is not longitudinally.

The layout of the auxiliary machinery has a major cost impact and therefore it is
important to arrange it in the most cost-effective way. Today that means equipment
package units, piping/grating units, and advanced outfitting, This is because advanced
outfitting is driven by labor-saving goals such as straight lengths of pipe, right-angle pipe
bends, combined distributive system/grating support units, all of which are performed in
ideal shop conditions. However, the basic requirement in the design of engine rooms is the
ease of machinery plant operation and maintenance. That must be met and not impaired
regardless of the method of installation. Fortunately, the procedures used for developing
advanced outfitting design are compatible with the basic requirement. If it is attempted to
lay out auxiliary machinery during basic design, it must be determined if advanced
outfitting of the machinery room is intended, as certain approaches must be followed if it
is. Even if advanced outfitting utilizing equipment and piping units is not intended, it is
still good design to approach the arrangement of machinery rooms into associated
equipment groups and service passages or zones. It is suggested that only the unit
boundary need be shown, and the equipment within each unit boundary listed.

If the ship designer does not take such matters into consideration and prepare
production-oriented contract machinery arrangements, it is strongly suggested that the
document they prepare be designated as a guidance drawing, and only be used to show
required equipment.
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(d) Cargo Hatch Sizes. Standardization is the major producibility goal that
applies to cargo hatchways and hatch covers. All cargo hatches should be identical on a
given ship or size of ship for a given shipyard. This would allow hatch coamings and
covers to be designed and lofted only once, and to be built on a process flow basis. In
addition to size and detail, the location of the hatches relative to the hold transverse
bulkheads should also be identical. The module erection sequence must also be decided at
this stage as it will obviously affect the design, and in turn the work content for the hatch
module and its installation. This can be seen from Figure 1.9, which details two possible
design approaches that could be used.

Method A shows a hatch coaming that would be erected on top of the deck. It
usually requires “stock or green” material to be left on the lower edge of the coaming for
scribing to the deck. Also the fillet welds of the coaming to the deck are not suitable for
machine welding due to the brackets on the outboard side, and no work surface for the
machine on the inside. In fact, it is also necessary to provide staging inside the hatch
coaming for the workers welding the inside fillet.

Method B incorporates part of the deck in the hatch module. Any “stock” material
would be left on the outboard deck and the hatch module as a burn-in guide. It should be
obvious that Method B allows machine welding of the deck seam and butt on top of the
deck. Staging would still be required for the fitting and welding below the deck, but it
would be simpler to erect and dismantle from the tween deck below.

(e) Double-Bottom Height. The height of the double bottom is usually derived
from the appropriate classification rule depth for the center vertical keel. A designer may
increase the depth over rule requirement but will seldom reduce it. Most double-bottom
spaces are very small with difficult access for both workers and their tools. A problem
often results from deciding the-double-bottom height based on only the midship section.
The bottom hull shape rises both forward ana aft of the midship section. This obviously
reduces the height in the double bottom outboard of the center line and below the minimum
acceptable height for construction. Therefore, it is necessary to consider double-bottom
height at the location where the hull shape reduces it to a minimum over the required
length of double bottom.

The height for access between the shell and inner bottom frames or longitudinals
should not be less than 15 inches, and if possible, 24 inches. It is possible to use a smaller
double-bottom height with transversely framed ships than with longitudinally framed
ships. This is because with longitudinal framing in the double bottom, the transverse plate
floors need to be deeper to allow for a reasonable distance between the longitudinal
cut-outs and access holes. This is shown in Figure 1.10 and 1. 11. Normally, the access
holes are restricted to 23-inch by 15-inch ovals due to the application of admeasurement
regulations. However, for large ships (over 400 feet) U.S. admeasurers will allow larger
holes if they are necessary for construction equipment access. If the shipowner desires the
ship to be “measured” under the 1969 Tonnage Convention, there is no restriction on hole
size, and therefore no need to keep the traditional access and lightening hole sizes. Sizes
should be maximum allowable from a structural point of view.

() Tween-Deck Height. The tween-deck heights may be decided by an
operational requirement such as use of standard pallets, hanging refrigerated meat,
maximum number of boxes that can be stowed on top of each other, carriage of containers,
RO-RO cargo, etc. In such a case, the deck levels must be selected to allow cost-effective
design of deck structure.
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In way of accommodation, the tween-deck height should be selected to allow high
productivity installation of the overhead ventilation ducting, piping, and wiring. If it is
difficult for the designer to squeeze such systems into the allowable space, it will be many
times more difficult and with high manhours for the production worker to install the
systems. Beam/frame bracket size should also be considered when selecting tween-deck
height in both cargo and accommodation spaces to ensure that the brackets do not
encroach on cargo or accommodation space. It is usually possible to select a smaller
tween-deck height in accommodation spaces with transverse beams rather than
longitudinals. This is because longitudinally framed deck deep transverses add to the
required height for fore and aft run services. Conversely, if the deck is longitudinally
framed, additional tween-deck height should be provided. This requirement can be seen
from Figure 1.12. When the tween-deck height must be kept to a minimum, it may be
better to provide deeper deck transverse beams or non-structural steel bulkheads, and run
systems through at constant height rather than work to minimum depth for the deck
transverses, and drop the systems as shown in Figure 1.13. Another possible approach
which is applicable to modern construction methods is to select zones over service areas,
passageways and toilets, and provide only the allowable minimum clear deck height in way
of the zones. The specified clear deck height is maintained in all other areas. This is
shown conceptually in Figure 1.14.

(g) Use of Corrugated and Swedged Stiffening. One very effective way to
reduce work content as well as the weight of steel for a design is to utilize corrugated and
swedged stiffening for bulkheads, deckhouse decks, and sides. Figure 1.74 in Section
1.5.3(j) gives details of such corrugations and swedges. The work content is obviously
reduced due to the number of parts to be processed and assembled, and joint weld length,
but it is also due to the elimination of weld deformation with thinner plate. There is an
increase in work content due to the forming effort, but the net result is a significant work
content reduction.

Corrugated bulkheads can be effectively integrated with access ladders, pipe runs,
space ventilation, and other items passing vertically through the space. Corrugated
bulkheads can be used anywhere stiffened bulkheads are required. Corrugations for
transverse bulkheads could be either vertical or horizontal, but for longitudinal bulkheads
they must be horizontal. Vertical corrugations have less work content than horizontal, and
are therefore preferred.

Swedged bulkheads can be used for tween-deck structural bulkheads, and for all
miscellaneous non-structural steel or aluminum bulkheads. Swedges must be vertical.
Swedge stiffening can also be used for deckhouse exterior bulkheads where again they
would run vertically. Swedges could be used for decks inside deckhouses. For short
deckhouses with no influence on the ship’s longitudinal hull girder strength, the swedges
could run transversely. For long deckhouses, the decks would be swedged in the
longitudinal direction. The decks would be swedged downwards and the trough formed by
the swedge filled with deck covering underlayment.

One disadvantage of corrugated and swedged construction is that it prevents
machine welding of the edges perpendicular to the corrugations or swedges to connecting
structure. This can be overcome by developing welding machines especially for this
purpose, and in the case of swedges, modifying the ends so that the intersecting edge is
straight.

(h) Location of Tank Bulkheads. From a production point of view, it would be

ideal if the tanks in each erection module could be complete and tested before erection.
This would enable any defects to be easily corrected on the module construction platens.
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This is not possible when common tank boundaries cross or are located at an erection joint.
Usually only a portion of the tanks needs to be hydraulically tested. Then the erection
joints can be located in the tanks which do not need to be tested. In addition, if the tanks
are to be coated, it would be preferable to have no module connecting welding which would
damage the coating, thus requiring rework.

One way to achieve this ideal would be to provide cofferdams in way of erection
joints. This would reduce the amount of usable space in the hull for tanks, and would
increase the steel weight. The work content would also increase due to additional
manholes, sounding tubes, and air vents. However, it could still be a productivity net
improvement, depending on design, extent of required testing, and tank coatings.
Figure 1.15 shows this concept graphically. Obviously, there could still be some coating
damage where the bulkheads are welded to the tank top, but this can be avoided by
incorporating a strip of bulkhead onto the double-bottom module before it is coated. It
could also be solved by increasing the cofferdam size to two frame spaces, but this may be
unacceptable due to the cost.

(i) Deckhouse Shape and Extent of Weather Decks. Many ship designers
allow aesthetics rather than producibility to influence them when designing deckhouses.
Sloping house fronts, exterior decks along the sides and aft house bulkhead, and sweeping
side screens add significant work content to the task of constructing a suitable deckhouse
to accommodate the crew, and provide the necessary service spaces. While certain ships
such as passenger and cruise ships can justify the cost of such aesthetic treatment, in
general they are unnecessary additions for all other types of ships. They not only increase
the construction cost, but they also cost more to maintain during the ship’s operational life.
The ship designer should develop simple deckhouse designs utilizing vertical and flat sides,
and only provide exterior decks that are required for the safe access and working of the
ship. Figure 1.16 shows the two extremes, and the additional cost aspects of the aesthetic
streamlined design can be clearly seen.

()" Sheer and Camber. About twenty-five years ago it was unusual to see ships
without sheer. Certain specialized ships such as train and car ferries were the only types
for which it was acceptable to have flat decks. Next, tankers and bulk carriers dispensed
with sheer, and today it is unusual to provide sheer for commercial ships. Sometimes
so—called “straight line” sheer is provided, which consists of a straight horizontal deck line
over the amidship portion of the ship, and straight line angled decks forward and
sometimes aft. The advent of RO-RO ships and car transporters completed the
disappearance of sheer. Even large warships are designed without sheer today. It is true
that sheer impacts the survivability of a ship due to the greater depth to the margin line
forward and aft, and this is why ships with no sheer pay a freeboard penalty. Sheer also
influences deck wetness, but ships with no sheer can counteract this advantage by
incorporating a forecastle and/or proper bow flare forward. Obviously the reason for
eliminating sheer is that a flat deck has less work content than a deck with sheer. This is
due to eliminating the need to shape the deck, angle the beams, and bend the longitudinal
girders. This applies to decks in the hull as well as the deckhouse and superstructure.

Camber has had a similar development history, but has not so completely
disappeared. It is quite common to provide “straight line” camber which is made up of
either two lines peaking at the center or three lines with the middle line horizontal, and the
outboard lines sloping down to the deck edge. If the deckhouse is designed with a
minimum of weather deck area, then there is no need for camber on the decks in the
deckhouse. Many designers are eliminating camber from their designs as a producibility
improvement, as it obviously reduces work content. They logically argue that it is
operationally acceptable because ships are seldom level when at sea, and even when in
port they usually have trim and list.
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(k) Access for Men and Equipment. The arrangement designer must consider
how the ship will actually be constructed, and provide adequate access and work levels,
including permanently built-in solutions, for men and equipment during the construction
and later maintenance of the ship. Obvious ideas in this regard are:

¢ Galleries in tankers which eliminate need for staging.

¢ Service trunk passages or zones for deckhouses and above machinery
spaces

® Cofferdam under deckhouses that will be constructed and outfitted
completely before erection on the hull or between two blocks of a
deckhouse erected in two tiers

These ideas are graphically illustrated in Figure 1.17.

(1) Effect of admeasurement rules. The application of the admeasurement
rules has adversely affected structural design and therefore productivity for many years.
Access holes in double-bottom floors and girders and tanks have been restricted in the U.S.
to 23-by-15-inch ovals. Lightening holes have likewise been restricted to 18-inch
diameter except in fuel oil tanks, where 30-inch-diameter holes are allowed, provided they
are “strapped” by installing a 3-inch-wide flat bar horizontally across the middle of the
hole. This is an obvious work content addition that has no real need. In the U.S., for
small ships that benefited from being measured below 200, 300, 500, and 1600 gross
registered tons, various admeasurement reduction devices such as full-depth plate floors on
alternate frames, tonnage openings in cargo and accommodation spaces, and excess
capacity of water ballast tanks all add significant work content to the ship. The 1969
IMCO Tonnage Convention will eventually eliminate the unproductive additional labor and
material cost for the larger U.S.-built international voyage ships, as it eliminates all
tonnage-reduction devices. However, the old practice will probably be continued
indefinitely in the U.S. for small domestic voyage ships, thus perpetuating the unnecessary
additional work content and material. By eliminating the tonnage reduction devices in the
larger ships, the ship designer will be free to utilize access and lightening openings to suit
the shipyard’s best approach to access for workers, equipment, and material.

It is imperative that the arrangement designer be fully aware of the admeasurement
method to be used for the ship, and if it is the “new” way to erase all “traditional”
tonnage-affected design details from the ship arrangement, and utilize instead details that
improve producibility.

1.3.3 LINES. As already stated, a lines drawing developed without attention to the
impact on production of its various work content aspects can increase the work content
significantly, and prevent high productivity and lowest construction cost. Slipper bows,
cruiser sterns, double and reverse-curvature surfaces, keel, stem, and stern half sidings,
and inappropriately located knuckles all add work content. Therefore, when preparing a
lines drawing, the following items must be considered from a-producibility point of view:

(a) Stem

(b) Stern

(c) Stern Frame

(d) Flat Keel

(e) Maximum Section Shape
(f) Single Screw Skeg

(g) Bulbous Bow

(h) Knuckles and Chines

These items are discussed further to illustrate the application of design for ship
production to early design when the cost is most significant.
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(a) Stem. The bow of a ship is one of the areas where designers regularly
incorporate reverse curvature without any concern for its work content and cost impact.
One only needs to look at a few ships to realize this unfortunate truth. Curved stems may
look good but they are very costly. Even slight departures from a straight-line stem will
add to the difficulty in fabricating it. The simplest stem is one formed from a cone. This
will give elliptical waterline endings, not circular, as most designers use. As shown in
Figure 1.18(b), the fore foot radius should be selected to assure fair shell plates at the fore
foot shell stem connection. This is shown in Figure 1.18(c). Usually the lines designer is
fairing on twenty-one stations and waterlines spaced 1, 2, and 4 feet, and local unfairness
can be missed. To ensure that the fore foot shell plating will be fair, it is necessary to
treat this part of the hull in more detail with closer water lines and additional frames. By
proper attention to the production aspects of the stem shape, the need for a stem casting
can be eliminated, as shown in Figure 1.18(d). The only reason stem castings are used
today is because the complexity of the design necessitates it.

Most ships can be designed without the need for concave waterlines in the bow. For
ease of production, straight and convex waterlines are preferable. In section the frames in
the bow are usually concave to provide adequate deck area, but maintain vertical frames
in way of the load waterline. This results in reverse-curvature shell plates. Reverse and
double curvature are defined in Figure 1.19. Even though plate forming by line heating
enables complex shapes to be processed without rolling and packing or pressing, it
obviously is still additional work content compared to a single-curvature plate. The use of
vertical sections in way of the load waterline is desired because it has been shown to be
beneficial for resistance in smooth water. However, “V” sections are better for
seakeeping, and as a ship is usually more in sea conditions, a ship can depart from
minimum still water resistance lines in the bow, and still be an efficient seagoing ship. A
certain amount of flare is necessary to maintain dry decks or rather minimize deck
wetness. This can be effectively provided by straight sloped frames and knuckles as
shown by Newton [23] and illustrated in Figure 1.18(e). The Mairerform bow was a good
production design due to its parallel frames and eliminating of fore foot radius as shown in
Figure 1.18(f).

(b) Stern. The term stern covers two important, independent, but obviously
connected items, namely the propeller aperture and rudder arrangement, and the portion
which is mostly above the design waterline aft of the rudder stock center line.

The single-screw propeller aperture has evolved from early counter stern combined
rudder post types to the “open” or “mariner” style with spade or horn rudders as shown in
Figure 1.20. The design approach tended to favor “closed” apertures to reduce the size of
the rudder stock to the minimum. However, even though it results in the largest-diameter
rudder stock, spade rudders have the least work content if properly integrated in the
design of the stern structure, and modern bearings are utilized. This can be seen by
comparing all the parts and the various work sequences involved in both approaches, as is
done in Figure 1.21. It is most important to realize, however, that the design of the lower
stern lines, and shape and style of propeller aperture, must be integrated with the design
of the propeller to provide the best possible propeller/hull interaction.

The upper stern development proceeded from the counter stern to the cruiser and
then transom stern. The cruiser stern reduced the total resistance and therefore required
less propulsion power for a given ship and speed, and for this reason has been used for
such a long time. The transom stern was utilized first on high-speed warships where at
design speed the transom was “clear” of water and this resulted in an effective increase in
waterline length, which proved beneficial from the resistance point of view. Merchant ship
designers adopted the transom stern because of its obvious construction economy, but also
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PART 1 Basic Design

as it maintained deck width aft, which was important in deck cargo ships such as
container ships and ships with all aft deckhouses. However, ship designers still introduced
aspects which cause additional work content for transom sterns, by sloping it in profile and
providing curvature in plan view as well as large radius corner connection between shell
and transom. To be of minimum work content, the transom should be vertical and flat,
with sharp corner connection between shell and transom. Figure 1.22 shows this
approach.

(c) Stern Frame. At one time all stern frames were designed as castings. This
enabled complex shape to be incorporated in the design, and also provided an early erected
reference to build to when ships were constructed part by part on the building berth. In
the early 1960s the widespread use of structural sub-assemblies (modules or blocks)
necessitated the integration of the stern structural design. This resulted in the use of more
fabricated stern frames. Stern castings are still used today, but this is only because the
design of the hull around the stern aperture is too complex for the stern frame to be
fabricated. Therefore, the ship designer must realize this fact, and select stern lines and
propeller aperture shape to enable the stern frame to be easily fabricated as part of the
stern module. Figure 1.23 illustrates this concept.

(d) Flat Keel. The width of the flat keel is a rule requirement for most
classification societies. The developer of the lines may use this as the flat of keel
dimension or simply use a standard. For designs with rise of floor, the selected width
becomes the knuckle in the bottom. The width of the flat keel should be at least enough to
extend over the keel blocks to allow welding of the erection seam for port and starboard
modules. Where the bottom erection modules span the blocks, this is not important,
although for ships where this occurs it is usually only for the midship modules, and it -
changes to port and starboard modules towards the ends. It is suggested that two other
aspects must be considered to determine the width of the flat keel. The first is that the
shipyard maximum plate width should be used as the flat keel width. The second is that if
one of the flat keel seams is used as an erection module break, the flat keel width must
suit the module-joining method including the internal structure. These concepts are shown
in Figure 1.24.

(¢) Maximum Section Shape. The design of the maximum section of the hull
considers bilge radius, rise of floor, and slope of sides. There is considerable guidance on
the maximum section coefficient based on resistance aspects. Obviously, the required
coefficient can be satisfied by a combination of rise of floor, bilge radius, and even sloping
sides. Rise of floor involves considerable additional work content compared to a flat
bottom. Its only benefit is that it aids in tank drainage when the ship is in drydock
completely upright. Any other time, the ship will be either trimmed or listed or both, and
the usual small amount of rise of floor is of no benefit. For small vessels rise of floor will
probably be necessary as the section shape without it would not be acceptable. Sloped
sides can present docking and tug-handling problems. They have naval architectural
design advantages of wider decks without resistance penalty for increased waterline beam
required with vertical sides. They also provide better heeled stability. Sloped sides may
appear strange, but they actually make more sense, from a design for ship production
point of view, than rise of floor, and should be considered as an alternative to rise of floor
as a means of achieving the required maximum section coefficient. Figure 1.25 gives some
concepts of this approach. The bilge radius should be determined so that the side module
erection joint is above the tangent of the bilge radius and the side, and above the
double-bottom height or inboard of the tangent with the bottom in single-bottom ships.
The use of conic sections for the hull bilge as it moves forward and aft from the maximum
section would result in the bilge shape being an ellipse and not a radius. This fact must be
appreciated by those designers that conveniently and assumingly cleverly try to maintain
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radii as the bilge shape in the forward and aft bodies of the hull. This results in
considerable increased work content as the shell plate former must form ellipse sections
instead of circular.

(P Single-Screw Skeg. The after-body lines of a single-screw ship are selected
to provide low resistance and good flow to the propeller. Normal single-screw aft bodies
are another part of the hull where reverse curvature is found. This reverse curvature can
be eliminated by carefully locating the transfer from convex double-curvature plates to
concave plates at plate seams and erection butts. Even though double—curvature plates
have less work content than reverse-curvature plates, it is still significant. One way to
reduce the work content of the after-body even further is to separate the normal
single-screw after-body into two parts, namely, the main hull and a skeg. This can be
done in two ways. The first way is to attempt to follow the normal single-screw hull form
as closely as possible by incorporating a chine or multi—chines joined in section by straight
lines or simple curves, as shown in Figure 1.26. The chine(s) should lie in flow lines to
prevent cross-flow turbulence. The second way is to design the after-body as a
twin-screw warship type, and to add a skeg which can incorporate the shaft and its
bearings, as shown in Figure 1.27. Both approaches can usually be used without any
adverse impact on propulsion power. However, the latter approach has the least work
content.

(g) Bulbous Bow. Bulbous bows are wave-resistance-reducing devices. They
incorporate displacement at the bow forefoot, which sets up a surface wave pattern, ideally
cancelling out the normal bow wave pattern, thus reducing the energy wasted in
generating waves.

There are many bow arrangements which are classified as bulbous bows, but they
achieve their benefits in different ways! The original concept of the bulbous bow was to
ADD a wave generator that would be out of phase with the ship’s bow wave, thus
cancelling part or all of the bow wave. Early applications involved transferring
displacement from the fore body in way of the load waterline entrance to the bow forefoot
in the form of a faired-in bulb. More recently, the applications have been truer to the
original concept by simply adding the bulb displacement. Another change is that the bulb
is not faired into the shell, but knuckled at the intersection of bulb and shell. Obviously,
the knuckled connection has less work content than the faired bulb. From the producibility
point of view, the preferred shape of bulb in the transverse plane is a circle, but this can
have some operating disadvantages such as bottom slamming in a seaway. Next preferred
shape that does not have the slamming problem is an inverted teardrop, but it has a
higher work content that the circle. A good compromise between design and production
requirement is an inverted tear-drop constructed from parts of two cylinders, two spheres,
a cone, and two flats, as shown in Figure 1.28. A similar approach to developing
producible details should be applied to other types of bulbous bows for large slow-speed
full-hull-form ships, such as tankers. Partial stem castings have been used for bulbous
bows where they are faired into the shell. The casting can be omitted if the bulb
connection to the shell is a knuckle.

(h) Knuckles and Chines. Many ship designers utilize chine hull form designs
on the assumption that they are easier to build than round bilge forms. Although this is
generally true for small ships, it is not always appreciated that chines can add work
content to a design. Before discussing this further, it is necessary to understand the
difference between chines and knuckles.

A formal definition of a chine is that it is the intersection of the bottom and side shell
below the load waterline. However, it is usually used for any shell intersection curve, and
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FIGURE 1.26 Use of chines to simplify stern construction.
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in the case of double-chine hull forms, reference is made to upper and lower chines. A
chine is always on the shell and nowhere else. A chine is usually a curve in at least one
plane.

A knuckle can be anywhere on the ship. However, a knuckle is a straight line in
two planes. Sometimes a chine located in the forebody above the load waterline is
incorrectly identified as a knuckle because in profile it is a straight line. However, in the
plan view it will be curved. Knuckles can be used anywhere in the ship, such as the shell
in the parallel body, decks, bulkheads, deckhouse sides, etc.

When a chine is introduced into a design and it is curved in two views, it can present
a problem if the ship is constructed in modules, as the chine is an obvious module break
line. In addition, a chine that crosses a deck line introduces increased work content due to
construction design details, including varying frame lengths and additional frame brackets.
Chines are often located to follow flow lines as an attempt to prevent cross-flow over the
chines, which will cause increased resistance. However, it is better, from a producibility
point of view, to locate the chine parallel to the baseline, as this enables the chines to be
logical module breaks used for alignment of modules, and permits standardization of design
details for floors, frames, brackets, etc. These concepts are shown in Figure 1.29, which
also shows the problems with current chine shapes.

The development of low resistance and efficient propulsion lines is a highly
specialized field and often is performed by naval architects and hydrodynamicists with
very little shipyard engineering and production experience. While it is not proposed that
consideration of the producibility aspects be allowed to overrule the lines designer’s
decision where it could adversely affect the efficient operation of the ship after it is built, it
is proposed that lines designers should obtain a better understanding of the impact their
design decisions have on the cost of constructing a ship. Then they should incorporate
producibility improvement aspects which have a high cost-reduction impact, and a small, if
any, adverse impact on operational efficiency. In this context it should be remembered
that a seagoing ship hardly ever operates in smooth water, and that the impact of any
change should be considered in its seagoing environment, and not in merely a
smooth-water towing tank test.

1.3.4 TAILORING DESIGN TO FACILITIES. While it is beneficial for a
shipyard to be able to build any ship design, it is a well known fact that such general
capability will increase the cost to build the shipowner’s custom design, compared to a
design that makes best use of a shipyard’s facilities. Obvious shipyard-imposed
requirements are:

Ship dimensions and limits

Module maximum weight

Module maximum size

Panel maximum size

Panel line turning and rotating capabilities

Obviously, a shipyard would be unwise to attempt to build a ship which was longer
or wider than its building berths and/or docks, or higher than its cranes could reach. Of
course this would not be so if part of its plan was to improve its facilities.

The module maximum weight can be dictated by berth crane capacity, shop crane
capacity, and/or transporter capacity. Also, if advanced outfitting is to be incorporated
into the module, the module steel weight must be reduced by the amount of advanced
outfitting plus any temporary bracing and lifting gear used for the lift.
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The module maximum size will depend on access throughout the shipyard for
modules from assembly to erection, shop door sizes, and the shipyard’s maximum plate
size.

The panel maximum size will depend on the same factors as the module size, but
may, in addition, be limited further by panel line size restrictions. It will also be decided
by the panel line’s ability to turn over the panel for welding both sides, unless one-sided
welding is used, and to rotate the panel so that cross-seam stiffening can be used. A panel
line with no rotation capability can achieve the same results by vertical straking of shell or
bulkhead plating when the ship is transversely framed or the bulkheads vertically
stiffened.

Not so obvious and often ignored requirements are:

¢ Maximum berth loading
® Spread of launchways
¢ Maximum iaunch pressure on the ship’s hull

The maximum berth loading could affect the extent of outfitting before launch and
thus the productivity achieved in building the ship. Heavy concentrated weights such as
propulsion engines and independent LNG tanks may not be able to be installed until the
ship is afloat.

The spread of the launchways should be matched by basic ship’s structure, such as
longitudinal girders, in order to eliminate the need for any additional temporary
strengthening, which only adds to the work content.

Likewise, the structure of the ship in way of the area subjected to maximum way
end pressure and the fore poppet should be designed to withstand the launch loads without
the need for additional temporary structure.

Whatever the facility requirements on the design, it is obvious that they must be
fully industrial engineered, well documented, and communicated to the designers. The use
of computer simulation techniques on interactive terminals [24] can serve as both an
educational and informational tool to give ship designers a better understanding of the
capabilities of a shipyard. The already-stated concept of a shipyard specification of
parallel importance and applicability as the usual contract ship specification would also be
an effective way to accomplish the transmission of the information to the ship designers.
However, it would not in itself assure production-oriented designs. To assure this, it is
essential that the ship designers be educated and trained in the field of design for ship
production.

1.3.5 MOLDED AND REFERENCE LINES. The concept of the molded line is
well rooted in ship design and construction. Design for ship production requires no changes
to it. The thought process for design for ship production does enforce its consideration
during the development of all structural design details. The usual practice of a shipyard
having a standard molded line system is encouraged, and a very early document should be
the description of the molded line system for every ship to be designed. A typical
description is shown in Figure 1.30.

On the other hand, reference lines may or may not be used in different shipyards.
Or in the same shipyard different reference lines may be used by different crafts. For
example, the loftsmen may routinely locate water or buttock lines as reference lines on
structural parts which may be used by structural fitters. Then the machinists and pipe
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fitters may request that installation reference lines be provided in each space as they start
to install equipment and outfit. In addition the outfitters may lay down their own
reference lines from which they will locate joiner bulkheads. The final problem may be
that none of the reference lines are measured from the same basis. To make matters even
worse, the engineering department may not use any reference system in its drawings, and
simply show dimensions all over the drawing, measuring from structure, other equipment,
baseline, centerline, etc. Table 1.4 shows how disintegrated some engineering sources
currently are. It is not surprising that the interference—control efforts in many engineering
departments consume so large a part of the engineering budget and still are not effective,
as proven by the large amount of field-discovered interferences. Much of the
interference-control effort is spent in interpreting the different referencing and
dimensioning methods used. Within each craft the problem necessitates planners,
schemers, and layout preparers to duplicate the drafting effort to provide sketches the
worker can understand.

If design, engineering, and all crafts used the same reference system, both the
design and construction of the ship would be significantly less complicated. There are
many reference system concepts, and some have been developed to accomplish specific
goals. It is essential that the system meet the needs of each shipyard from design through
engineering, lofting, processing, assembly, erection, outfitting, and machinery installation
to completion, It is obvious that an integrated or universal system must be able to satisfy
all user requirements. The use of an integrated reference system also enables an effective
dimensional control system to be applied during the construction of the ship. It can also
form the basis for measurements taken for accuracy control (AC) and eliminate the need
for separate additional AC reference lines.

It is important to recognize and resolve the conflict between those who acknowledge
that the structure will probably not be exactly where it should be, thus prohibiting the use
of structure as a reference surface, and those who recognize the fact that at least two
conditions exist. The first condition is where structure must be located as precisely as
possible from another part of structure, such as the stern tube from the engine foundation.
The second condition is where the contents of a space should be located to the boundaries
of the space, even though the boundaries may not be located exactly on a total ship
reference system basis. It is suggested that a reference system based on
three-dimensional space for the total ship is not practical or advantageous to all crafts,
and may in fact add work content to the job without any improvement in accuracy or
quality. This suggestion is based on an examination of the needs of the various crafts to
fabricate, assemble, and install their products. There is no disagreement that an
integrated system should be used to erect structure, install advanced outfitting units and
“on block” packages, and install nonstructural steel compartment boundary bulkheads.
However, it appears overkill to use a three-plane reference system intersection in space in
a compartment to locate furniture, fittings, lights, and switches. It is much easier to locate
such equipment relative to the boundaries of the compartment. However, dimensions
should be measured from only one of the boundary surfaces in each plane.

A possible reference system that meets the above concepts is described for
illustrative purposes. It is made up of a three-level system, namely, the primary,
secondary, and tertiary levels.

The primary level consists of three planes measured from the forward
perpendicular, baseline, and centerline of the ship for each erection module. Two planes
shall be continuous across adjacent modules to assist in alignment of modules during
fit-up. Transverse planes shall be designated by an “L” and the distance in feet and
inches from the origin, such as L360-6. Horizontal planes shall be designated by an “H”
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TABLE 1.4

TYPICAL DIMENSIONING METHODS USED BY ISOLATED ENGINEERING TO LOCATE ITEMS

From
Engineering Above Off Frame Near From From
Section System Base Center to Side of Structure Structure
Line Line Frame Deck Fore & Aft Transversely

Hull Structure X X X

Foundations X X X

Outfit X X X
Machinery Arrangements X X X

Piping X X X

HVAC X X X
Electrical Arrangements No dimensions given. Only a pictoral layout.

Wireways X X X
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and the distance above the baseline, such as H20-9, and similarly longitudinal planes by a
“B” with S or P sign to designate to starboard or port, respectively, and the distance off
the centerline, such as BS15-0. This level shall be used for structure, locating packaged
equipment and piping units, foundations, major machinery, floor plates and grating, and
will therefore be used on all drawings showing such items. This will standardize and
reduce the amount of reference currently used for these drawings. This reference level will
also be used by the loft. Figure 1.31 indicates the application of this level.

The secondary level would be used for all assembly work, excluding the ship’s
structure performed off the ship, such as advanced outfitting units, foundations, etc. The
reference lines would be clearly identified on all drawings, and all dimensions would be
measured from the secondary-level reference lines. The reference lines must be real; that
is, there must be material (support structure) on which the lines can be permanently
marked. The lines would be identified by their location within the primary level, such as
L427-3.5. With each drawing a locating sketch would be included, showing the secondary
reference level in relation to the primary level for the compartment in which the item was
to be installed. Figure 1.32 illustrates how this could be done.

The tertiary or third reference level would be used for compartment arrangement
and foundation drawings for joiner work panels, door frames, ladders, “on-board”
advanced outfitted electrical equipment, joiner bulkhead mounted equipment, furniture, etc.
This level would use the intersection of the near side of the deck below or above (whichever
is mutually agreed between engineering and production in a shipyard), the near side of the
inboard longitudinal steel or joiner bulkhead, and the near side of the forward transverse
steel or joiner bulkhead as its origin, and the planes in which each surface lies as the
reference planes. Again the reference planes would be identified by their location within
the primary level, as shown in Figure 1.33.

It should be obvious that such a system applied consistently to the engineering for a °

ship would simplify the interference—control problem, as all items would be measured to a
common reference system for the total ship or for a specific compartment.
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PART 1 Group Technology

1.4 Group Technology

1.4.1 GENERAL. The basic concepts of group technology are not new. The first
use of the principles of group technology was described by an American, R.E. Flanders [1]
in 1925. The next significant development was published by J.C. Kerr [2] in Britain in
1938 and then in France by a Swedish engineer, A. Karling [3] in 1949. However, the
real development of group technology occurred in Russia in 1959 [4] and Germany in 1960
(5]. It was then utilized in factories in Eastern Europe and in the late 1960s its
application began to increase in Britain and Western Europe. U.S. interest in group
technology was slow to start, with initial flickerings in 1971 to 1973. Since 1976 the use
of group technology in the U.S. has increased at an accelerated pace, as evidenced by
67 publications on group technology issued by the Society of Manufacturing Engineers over
the last four years. This is partly due to its use with automated process planning.

As a science it has not had the worldwide success of other modern techniques
developed about the same time, such as operations research. This is mainly because of
misunderstandings over what group technology is! In its most general sense group
technology is the integration of common problems, tasks, principles, and concepts to
improve productivity. In a more restrictive sense it has been defined as a method to apply
mass production techniques to products that vary widely in type and quantity. Reference
[6] defines group technology as the organization of production facilities in self<contained
and self-regulating groups or cells, each of which undertakes the complete manufacture of
a family of components with similar manufacturing characteristics. The cell staff are
often each capable of using several machines or processes, so that there are usually fewer
men than machines. It further describes the following characteristics which distinguish
group technology from conventional batch manufacturing systems:

1. Components are classified into groups or families according to the
production processes by which they are produced.

2. Work loads are balanced between the production groups into which
production facilities are organized rather than hetween separate
manufacturing operations.

3. The production groups—the people, machinery, and components
concerned—are clearly identifiable on the shop floor, though each group
may vary considerably in size. In some situations the machinery is
arranged to provide a flow of work to optimize the operation of key machine
tools by providing them with a full range of secondary machine tools to
ensure a balanced input and smooth outflow of work. In other situations
the machinery is arranged so that there can be a continuous flow of work
from one machine to the next, with the object of gaining some of the
advantages of flow line production.

4. Each group works with a significant degree of autonomy.

Figure 1.34(a) shows a typical shipyard process flow which is a “functional layout”
and Figure 1.34(b) shows a modified process flow arranged as a “group layout” with
“group or "product® cells. Note the duplication of the machines in each cell. This can
result in low machine utilization, but this is usual in group layouts. It is the overall
productivity of the cell that is important, not machine utilization. It clearly shows how
both the material and production control is simpler with the group layout. Grouping
machines and arranging of process flow is only one facet of group technology and usually is
performed on the basis of the results of grouping all the products and processes involved.
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Experience from users of group technology shows that its benefits can cover reduction in
construction time, reduction of inventories and work in progress, more effective and
economical inspection, and simplified planning, scheduling, and control systems. It clearly
supports the objectives, and is therefore an obvious part of design for ship production.

Its limited use to date in general industry is partly due to the fact that the
foundation of group technology is classification and coding of like products and processes.
Classification is a means of separating product data through similarities into groups or
classes. Coding is the system which enables storing and retrieving the classified data so it
can be organized, analyzed, and used for specific purposes. It should be remembered that
group technology looks for the similarities and not differences. The similar products are
grouped in families, and the families manufactured in groups of associated work stations.
The necessary classification, coding, and analyzing involves significant effort. Because of
the magnitude of the task, manual systems tended to deter the application. Nevertheless
many systems have been developed by various specialists in this field. Some companies
have used classification and coding systems to resolve manufacturing problems, only to
forget them until another problem arose.

The development of group technology has, understandably, been closely tied to the
development of classification and coding systems. Classification systems were developed
for two basic group technology functions, namely, product variety reduction and grouping
of parts for production. Product variety reduction utilizes identification and retrieval of
similar designs, whereas grouping of parts for production requires the selection of parts
with similar processes. Many classification and coding systems have been developed, and
are described in the already-referenced textbooks on group technology. Most of the
systems are for machined parts, but a few include sheet metal and piping fabrication.
None of them are directly applicable to the shipbuilding industry, but some of them could
be used as part of a shipyard system, and also much can be learned from them when
developing a shipyard system.

1.4.2 APPLICATION OF GROUP TECHNOLOGY TO SHIPBUILDING. If
group technology is not new, why has it not been applied to the shipbuilding industry
before now? In addition to the above-mentioned general lack of use, a complete lack of
knowledge of it and its benefits are the most obvious reason. Even in the case of some
shipyard managers who have knowledge of group technology, the inability of shipbuilding
management to establish and enforce the detailed work breakdown and engineering
required for its application prevented its use. It required the MarAd Technology Transfer
program to introduce it to U.S. shipbuilders in the IHI Product Work Breakdown System
Manual [7]). The manual describes how to classify shipbuilding products, and thus it is a
partial application of group technology. Its usefulness is limited, as it did not present an
associated coding system. Group technology has been applied to shipbuilding in Japan [7],
Britain [8, 9, 10, 11, 12], and Russia [13]. These reports indicate that it has been applied
successfully in the following shipbuilding areas.

® Design rationalization

® Development of effective production planning systems by analysis of
product sizes, shapes, variety, and processes

® Structural material size variety reduction

® Improved presentation of engineering information to the shop floor
through classification and coding of products

® Improved shop floor organization and layout based on statistical
analysis of the product processes and flow
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The reason for the current increase in interest in group technology is that it has been
shown to be an effective way to assist industry to increase productivity. This must be the
goal of every shipyard if they are to survive in the very competitive business they are part
of. Group technology is an essential prerequisite to computer-aided process planning
(CAPP), which in turn is essential for automated factories.

The way that group technology achieves improvements in productivity can be better
understood if the various production organization types are briefly described, and their
application to shipbuilding considered. Production organizations are usually grouped into
five categories. These were well defined by Marsh [14], and his titles are used as follows:

1. Craft Organization (Job Shop)
Organization using well trained and experienced workers to perform many
activities in one or a few locations. Most production decisions are left to the
craftsman, who may approach each job in a different way. Required engineering
data are minimum in scope and can be lacking in accuracy. Craft organizations
are difficult to schedule and control.

2. Semi-Process Organization
-Organization utilizing well trained and experienced workers, but attempting
better planning and control by routing similar work processes to specific work
areas. Requires more planning effort but scheduling and some control is
attainable. Engineering has to be more detailed to enable planning to break
down the work into task packages.

3. Process Organization (Batch)
This is the complete use of specific work areas to perform specialized activities.
This enables workers to be trained only in the special activity they are selected
to perform. Planning becomes more complex regarding scheduling and material
control. Engineering is prepared for specialized process rather than total’
product.

4. Product or Group Organization

This type of organization focuses on a type of product, such as flat panels, and
links all the processes together to complete the product. It then combines a
number of products to make a new larger product, such as an erection module
and ultimately the ship’s hull. Planning is simpler as it follows a logical
sequence of events. Again the extent of worker training is limited to those
processes utilized in a given work station. Engineering is prepared to show the
product to be processed at a given work station. Control can be precise due to
the many available data points.

5. Mass Production Organization
This type of organization maximizes the use of mechanization, continuous flow
lines, and specialization of activities at sequential work stations. Material
handling is decided at the time of the facility design. Engineering is more
.involved in machine instructions, jig and tooling, and quality control data.

The differences and relative effort for each type of organization are summarized in
Figure 1.35, which is based on a similar figure in reference [14]. The various
organizations have also been categorized by Hargroves, Teasdale, and Vaughan [15], and
Table 1.5 is based on their presentation. It shows the productivity gap existing between
organizations currently producing one-off products and mass production organizations. It
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also shows the potential productivity improvement through group technology. Figure 1.36,
also taken from their work, graphically illustrates the different processes. They state in
their paper:

It is more than likely that the concept of group technology will prove to be the
settling point of much of ship production activity in the future.

The traditional shipyard was craft organized, as are most shipyards today. In the
past this worked quite well for a number of reasons, including:

® Workers had pride in being craftsmen and were prepared to take the
time to be trained. Five-year apprenticeships were common.

¢ Employers were willing to invest time/money to train their employees.

® The demand for ships was great enough that it was not necessary to
maximize productivity to survive.

® The trade unions in the shipbuilding industry resisted the changes that
were necessary to improve through the application of modern
production techniques, as they usually involved demarcation issues.

¢ Engineering departments were incapable of providing the type of
engineering information required for modern shipbuilding techniques.

This last reason is discussed further in Part 3.

Group technology, applied from engineering through to ship delivery, can provide the
basis on which improved shipbuilding production technology can be developed, and thus
attain increased productivity. The availability of computers and the development of data
base technology has enabled the full potential of group technology to be developed today.
In fact the desire to use computers in manufacturing planning and control necessitates
better classification and coding, and thus generates interest in group technology. Like any
new technique, there is the danger that only part of group technology will be used, and
thus its full potential will not be developed. When group technology is introduced into a
shipyard, all departments are affected. This is indicated in Figure 1.37 and is well
described in most textbooks on group technology [16,17].

So far most of the reported applications of group technology to shipbuilding have
been in the area of ship structure. It has been used to group structural parts by both their
geometry and processing characteristics for interim products such as subassemblies,
assemblies, and modules. A ship’s hull is constructed from steel plate and sections which
are separately processed from the received material. The variety of parts is large,
whereas the variety of subassemblies and assemblies is relatively small. The differences
in size and work content of the interim products result in the work not being suitable for
normal continuous flow processing. Group technology can partially overcome this problem
by grouping the interim products into similar geometry and/or processing requirement
groups, so that the effective individual group volume increases to the extent that some of
the benefits of continuous flow processing can be obtained. If this can be done, improved
productivity and shorter construction cycles are possible.

Group technology classification and coding systems should cover both product and
process definition. The earlier separation of systems into product variety reduction and
product families for production should be avoided. The already-mentioned work in Britain
by the University of Glasgow and the British Ship Research Association (BSRA) has
developed a system for ship structure. It has been used for a number of applications,
including the statistical analysis of components and their work content. This in turn has
been used in the development of new shipyards. Reference [10] reviewed eight
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classification and coding systems that were in use by British shipyards for ship structure,
and was the basis for the final system adopted by BSRA. Reference [18] describes a
proprietary classification and coding system developed in Holland. It is a general format
system allowing users to input their own products and processes. The system is integrated
with a computer-aided process planning capability. A typical summary of a structural
component analysis is shown in Figure 1.38, taken from reference [19]. Reference [20]
gives details of three applications of group technology to shipbuilding. These show how the
structural classification and coding system was used to develop a data base of design and
production information for various ship types. This enabled similarity of components for
different ships, structural process flow, work content, structural plate standardization, and
new and existing facility analysis to be determined. The analysis of the structural process
flow showed that no component required more than two welding processes, and 75% of all
components had only one welding process before delivery to the module assembly.

It is not known if the BSRA structural classification and coding system has been
expanded to cover all shipyard products and processes. However, it is essential that a
complete system be developed to allow the full benefit of group technology to be achieved.
With this in mind, the author developed a shipbuilding classification and coding system
(SCCS). Figure 1.39 gives details of the system. It uses up to 17 digits, all numbers. The
number of digits used varies depending on the product. However, the full 17-digit field is
always used. For example, a structural plate product uses all 17 digits, whereas a
subassembly uses only 11 of the digits for meaningful data. The first to the tenth digits
are used for design classification, and the eleventh to seventeenth digits are used for
processing classification. The use of the system can be seen from the examples given in
the figure. For structure the following applies.

FIRST DIGIT SHIP GROUP
The subdivision of the ship into major systems. The U.S. Navy
Ship Work Breakdown Structure first digit groups are used
because of the U.S. shipbuilding industry’s familiarity with it.

SECOND DIGIT BASE PRODUCT
The subdivision into products as received by the shipyard. For
example, plate, sections, etc.

THIRD DIGIT TYPE
The subdivision of base products into the various types that
they can be. For example, sections could be flat bar, angle,
channel, tee, etc.

FOURTH DIGIT MATERIAL
Defines the material in terms of specification and quality.

FIFTH DIGIT SIZE CLASSIFICATION - LENGTH

The sixth through tenth digits are used for different classification depending on the first
two digits as follows:

SIXTH DIGIT FOR PLATE - WIDTH
FOR SECTIONS - WEB DEPTH

SEVENTH DIGIT FOR PLATE - THICKNESS
FOR SECTIONS - FLANGE WIDTH
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EIGHTH DIGIT FOR PLATE - SHAPE
FOR SECTIONS - WEB THICKNESS

NINTH DIGIT FOR PLATE - HOLES AND SLOTS
FOR SECTIONS - FLANGE THICKNESS

TENTH DIGIT FOR PLATE - EDGE PREPARATION
FOR SECTIONS - END CUT

The eleventh through seventeenth digits are used to classify the processes used to fabricate
and install the products to build a ship as follows:

ELEVENTH DIGIT PRE-PROCESSING TREATMENT
Identifies the various pre-processing treatment for all products.

TWELFTH DIGIT CUTTING
Identifies cutting processes

THIRTEENTH DIGIT FORMING
Identifies forming processes

FOURTEENTH DIGIT CONNECTION TYPE
Identifies the connection type used to attach the classified
product

FIFTEENTH DIGIT WORK POSITION
Identifies the work position for the connection of the product

SIXTEENTH DIGIT WORK STATION
' Identifies the work station at which the product is installed

SEVENTEENTH DIGIT EQUIPMENT USED

Identifies the type of equipment used at the work station to
make or install the product

The classification and coding system described was originally developed for the
U.S. Navy first-digit breakdown, but it is obvious that this is not in strict accordance with
the principles of group technology. For example, plate can be used in many of the
systems, as can pipe. However, the intent was to develop an overall system that could be
used for group technology. In keeping with the approach proposed for design and
engineering for ship production, the first digit of the described system could be replaced by
a classification that relates to hull, deckhouse, and machinery space, as shown in
Figure 1.40.

Group technology and classification and coding systems are of no benefit unless they
can be applied to existing shipbuilding practices so that they can be improved. The
previously mentioned shipbuilding examples indicate some of the ways, but a shipyard
must have a clear goal to achieve before applying any part of group technology. The goal
should be clearly documented, and a review of possible methods to achieve it be made [21].
If group technology is selected as the best method, it is probable that better definition of
the current status will be required, and that is where classification and coding is first
applied. Once the classification and coding system is decided, it is necessary to collect data
such as number of components routed through shop A. A data collection system is
necessary, and the use of data processing equipment is probable. An essential part of the
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OPTIONAL ZERO DIGIT
BASED ON ZONE DESIGN

AND CONSTRUCTION

0

HULL

DECK
HOUSE

MACHINERY
SPACE

DN =

FIGURE 1.40 Optional zero digit for zone design and construction.
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PART 1 Group Technology

data collection system is the data collection format. References [9,10,12] describe such
formats and Figure 1.41 shows a typical format. Once the data is collected, it can be
analyzed to provide the required information, such as number of weld connections per
component prior to assembly into a module or the throughput of steel in a particular shop.
The information provided by the analysis may be used to reduce component handling by
relocating work stations, including processing machines and equipment.

Germane to design for ship production, a group technology analysis could be used to
determine the number of similar component designs, allowing the selection of the best and
reduction in variety. Once this is accomplished, every component design requirement can
be checked at concept stage to see if an existing design will meet the requirement. This is
conceptually shown in Figure 1.42.

As another example, assume that it is desired to determine the most producible
design of double-bottom structure from the following options.

® Transverse All plate floors

® Transverse Combined plate and open floors
® Longitudinal Maximum spacing with struts

® Longitudinal Maximum spacing without struts

A typical hold length would be selected and the structural components coded for
product design and processing. Then the following data could be extracted for each option
and compared:

(1) Number of parts

(2) Number of unique parts

(3) Number of each unique part

(4) Number of plate parts

(5) Number of parts cut from sections

(6) Number of plates formed

(7) Number of sections formed

(8) Number of process steps for each part
(9) Process flow quantities

By adding a few additional data items to the data collection forms it would be possible to
extract:

(a) Joint weld length
(b) Weight

A further example is the determination of the number of different section sizes to be
used for a particular design. The various minimum scantling sizes as required to meet the
Classification Society rules could be determined, coded, collected, and sorted. Suitable size
ranges would then be obvious.

For a shipyard utilizing both contour and flame planing burning machines, the
designer could code all plates and determine the machine type demand and make changes
if they were not in balance. Use of cut plate with flanged or fabricated face plate instead
of formed shapes is another necessary comparison where group technology can be used to
advantage.

The concept of advanced outfitting can be analyzed by applying group technology
techniques, as can emotional items such as welded pipe joints versus flanged pipe joints.
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FIGURE 1.41 Typical component information card using group technology.
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FIGURE 1.42 Group technology in design.
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Existing design practice can be analyzed for required processing and thus work content, as
can the impact of proposed improvements.

However, the ultimate benefit from the use of group technology in design for ship
production is that if all interim products are coded it will be possible to utilize
computer-aided process planning and thus eliminate the errors and inefficiency of manual
process planning.

In summary, the application of group technology to shipbuilding provides an
opportunity to develop better methods and techniques for the design and construction of
ships. The notable benefits include:

Reduction in number of engineering drawings

Reduction in new design

Company standardization

Reduction in design and engineering time and manhours
Improved quality

Better utilization of facilities

Identification and elimination of high work content products and
processes

Simplified and automated planning

Simplified scheduling and production control

¢ Simplified material flow system and control
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1.5 Structure

1.5.1 GENERAL. The design of ship structure is the process of applying rules and
experience to integrate individual structural components into efficient and easily
constructed assemblies, modules, and hull. The design of a ship’s structure has a major
influence on the construction cost of the ship through the work content and the quantity of
material. Many ship structural designers use “standard structural details” which they
may have “borrowed” from other designers in another shipyard. Or, for a naval ship, they
may simply copy the old BUSHIP standards, which are over 20 years old. Chances are
that the decision to use a particular detail will be made without any regard to producibility
requirements for the shipyard involved. Obviously, the smaller the number of standard
details considered, the easier it will be to use them. It should also be remembered that as
there are a great number of connections between the structural components of a ship, the
"best" design for one shipyard may not be the "best" for another. The "best" structural
design detail depends on:

Module definition and erection methods
Manual versus computer-aided lofting
Manual versus N/C burning

Extent of automatic welding

Whether or not the shipyard has a panel line
Facility and equipment

However, the basic goal of design for ship production is to reduce work content, and
the development of structural details should accomplish this goal. When deciding between
alternative structural details, it is necessary to utilize the cost trade—off technique as
stated in Section 1.2. The minimum considerations must include:

o Number of parts
¢ Joint weld length, type, and position
o Completion of spaces/tanks within modules

A number of typical structural connections will be discussed, with alternatives
showing better design for ship production details. However, before getting into the details,
it is necessary to consider the selection of module boundaries.

1.5.2 MODULE DEFINITION. Although this aspect of planning and structural
design appears to be reasonably handled by most U.S. shipyards, it is still possible to see
module boundaries and structural details in way of the module breaks that are obviously
not well thought out. When deciding module boundaries, a number of items must be
considered, some obvious and some not so obvious. These are:

Maximum module size

Maximum module weight

Module turning limitations

Shell shape boundaries

Access for workers and machines for module joining
Extent of use of auto and semi-auto machines
Whether or not self-aligning

Internal connection detail

Framing method

Plate straking direction

In-line or staggered transverse breaks
Maximum or standard plate/shapes size
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o Completion of adjacent spaces/tanks

® Blocking/support requirements

® Natural lifting points

® Use of excess material for fitting

® Large equipment arrangement and foundations to avoid overlapping
module breaks

® Design to eliminate plate or pin jigs

The importance of these items will become clear from the following discussions.
Figure 1.43 shows the difference between “in-line” and “staggered” module transverse
breaks. It applies to internal surfaces such as tank tops, girders, longitudinal bulkheads
and decks as well as the obvious external shell. At one time it was a classification
requirement to stagger the breaks. However, this is no longer the case. The use of
staggered breaks is necessary if self-aligning modules are to be designed. Figure 1.44
shows various connection details in way of module transverse breaks, and Figure 1.45 the
same for longitudinal breaks. As mentioned in Section 1.3, Basic Design, it can be
beneficial to utilize cofferdams and duct keels as the location for the module breaks when
the tanks are to be coated, as this allows adjacent tanks to be completed and tested before
erection on the berth. This concept is shown in Figure 1.46.

Note that double cofferdams are only necessary for coated tanks. In fact, if it is
necessary to hydro test only staggered tanks, there is no need for cofferdams if the tanks
are uncoated. This is shown in Figure 1.47. However, it should be obvious that this
approach increases the number of different modules required, and that a duct keel is still
required. A combination of these approaches can be used even where the tanks are to be
coated, and then half the tanks would need to be completed after joining. In this case the
tank boundaries would be staggered one frame from the transverse bulkheads, and tank
lengths would vary as shown in Figure 1.48. Figure 1.49 shows some other module break
connection detail alternatives. The differences and benefits of some over others is obvious,
but notes are included where appropriate. In reviewing the alternatives, it is necessary to
look for the already-stated production-affecting factors of:

Joint weld length of erection connection

Weld attitude

Number of spaces to be entered to complete erection joining
Self-aligning

Number of parts involved in detail

The consideration of the framing method—that is, transverse or longitudinal—and
plate straking direction should be performed together. This is because, in general, straking
should be in the same direction as the framing. This is to eliminate the need for rat holes
over plate butt welds or for grinding down plate butt welds in way of frames crossing the
welds. Obviously, this cannot be adhered to in all cases, especially bulkheads where the
plating thickness varies with depth and vertical stiffening is generally preferred. The
age-old practice of keeping the molded side of the plating flush where plating strakes vary
in thickness is a problem for panel lines due to requiring the upper surface of the panel to
be flat for installation of stiffening. In such cases it may be better to locate the stiffeners
on the uneven surface running parallel to the plate strakes. This would require horizontal
stiffeners with varying scantlings, which is probably not a minimum work content
approach. From a producibility point of view it is probably better to use vertical plate
straking and vertical stiffeners, even though there will be an increase in weight due to the
constant bulkhead plating thickness. These concepts are shown in Figure 1.50.




PART 1 Structure

STAGGERED IN LINE

o

|
|
s
|

add B

™

_’.

[A] SIDE SHELL

) (I
[ |
Y Al
| |
- P
L4 L )
EF] DECK R
5 T
V<5 ~
. r
N d £

1

[D] DOUBLE BOTTOM

FIGURE 1.43 Module connection definition.

121



Structure PART 1

NON-SELF ALIGNING SELF ALIGNING

SHELL
OR DECK { OR DECK

VA

L SHELL

ey

\y

SHELL

h
I
wn
T
Sl
£
£

OR DECK

—_ OR DECK

-~

—
) OVERLAP

CANNOT USE 1\

FOR JOINING
TWO 3-D MODULESY\
TOGETHER LONGIT-\
UDINALLY BECAUSE '\

OF OVERLAP \\

Lo J-

FIGURE 1.44 Module joining structural details.

122



PART 1 Structure

h T

NON-SELF-ALIGNING ‘

A
s

~

I

L
J
SELF-ALIGNING +

=l =}

SELF-ALIGNING NON-CONTINUOUS ‘
LONGITUDINALS ELIMINATING COLLARS ‘

FIGURE 1.45 Longitudinal joining details.

123



Structure PART 1

| g g

C/ID* c/ | D* c/ | p*

‘I ; u—

ELEVATION OF DOUBLE BOTTOM

PLAN OF DOUBLE BOTTOM

A

DUCT

™

—~

KEEL

e ——— 4

i

|
)i

*OPTIONS FOR SINGLE C/D
FIGURE 1.46 Use of cofferdams as a module joining aid.

TRANSVERSE +SECTION

daHd

,»KE aHd

124



PART 1 Structure

[

- ~
——-J‘

/
\i COMPLETED TANK

COMPLETED TANK

DUCT KEL

/]

4 COMPLETED TANK

FIGURE 1.47 Arrangement of module joints to facilitate
tank completion including alternate tank testing.

|
COMPLETED TANKj : T
] l [
L4

COMPLETED TANK

COMPLETED TANK

FIGURE 1.48 Alternative arrangement of module joints to
facilitate tank completion including alternate tank testing.
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The module boundaries should be located at natural plate butts and seams. Module
breaks should be located to minimize ship erection work content. For example, in a
longitudinally framed ship it would be better to have long modules, whereas for a
transversely framed ship, wide modules would be better. The reasons for this can be seen
from Figure 1.51.

All these concepts are put together for two typical cases, namely a cargo ship and a
tanker in Figure 1.52 and 1.53, respectively. The tanker case is based on the “layer”
construction method. This method was developed in Scandinavia and improved in various
stages by many shipbuilding countries. The principle involved is the maximizing of fillet
welding in place of butt and down hand and vertical attitudes. The structural layers also
become natural reference planes. This method is shown in Figure 1.54, and its application
to tankers in Figure 1.55.

1.5.3 STRUCTURAL DETAILS. The labor manhours to construct the structure
of a ship can be significantly reduced by proper attention to the design of structural details.
A number of structural details are examined in this context.

(@) Shell Straking. The obvious goal for shell straking is to standardize the
plates. A standard plate should not only be identical in size, but also in marking,
bevelling, etc. This can only be accomplished by locating the stiffeners and webs in the
same position on each plate as shown in Figure 1.56. To do this two options are possible.
One is to consider stiffener and web spacing to suit the maximum width and length of
plates to be used. The other is to select plate width and length to suit desired stiffener and
web spacing. For example, if a shipyard desires to use a maximum plate size of 40 feet by
10 feet, the spacing of the stiffeners will be given by 10/n; and of the webs by 40/n,,
where both ng and n,, must be whole numbers. If, on the other hand, the shipyard wishes
to use a stiffener spacing of 3 feet, anid a web spacing of 12 feet, the 40 by 10 plate would
not allow standard marking. The correct standard plate size for the desired spacing would
be 36 or 48 feet in length, and 9 or 12 feet in width. This shows that when considering
structural design, all the factors that influence productivity and thus cost must be included.
It is pointless to spend time and money to standardize design and facilities, and to lose
much of the benefit by not understanding the impact of plate size. Correctly applied, the
number of different shell plates in the parallel body of a tanker or bulkcarrier can be as
few as five. When this approach is applied to decks, bulkheads, and tank tops, its impact
can be a significant reduction of engineering, lofting, and production manhours. It also
makes the use of special tooling practical, as the small number involved can be
cost~effective.

Another shell detail that involves extra work content is insert plates. This is
because of the additional welding and chamfering of the insert plate. Figure 1.57 shows
how this can be eliminated by making the insert plate the full strake width, thus
significantly reducing the amount of additional welding. The chamfering can be eliminated
by increasing the plating surrounding the insert plate to that necessary to gradually build
up to the required insert plate thickness in steps allowed by the classification rules without
chamfering.

Many shell assemblies and/or modules require plate jigs or pin jigs to be able to
construct them. This is an additional work content, and by design can be eliminated. To
do this, it is necessary to either have shell modules with decks, flats, and bulkheads that
can be used as the reference planes on which to set the internal structure, and then attach
the shell, or else the internal web frames must be deliberately designed with their inner
surface in the same plane for each module, in the same way that the upper surface and
bevel angle of roll sets are used. These concepts are shown in Figure 1.58.
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FIGURE 1.56 Standard and non-standard plates.
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FIGURE 1.57 Ways to reduce work content of insert plates.
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FIGURE 1.58 Curved module design for production.
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(b) Cut-Outs. The design of cut-outs for frames, longitudinals, and stiffeners
can also adversely influence work content, especially in naval work where most of them at
the shell must be chocked or collared. Figure 1.59 shows some of the common types in
use, and notes various comments on each type. It is possible to eliminate cut-outs by
slotting the floor, web, or bulkhead, cutting away the flange of the frame, longitudinal or
stiffener, and inserting a bracket to effectively maintain the sectional area as shown in
Figure 1.60. Corner cut-outs, snipes, drainage, and air holes must take into account the
construction methods and equipment to be used. For example, if automatic or even
gravity-feed welding is to be used, a detail allowing continuous fillet welding will be best,
whereas for manual welding a complete edge cut detail may be better as shown in
Figure 1.61. Also water and oil stops can be combined with some holes when manual
welding details are used. Figure 1.62 illustrates this approach. The practice of making air
holes smaller than drain holes in floors, girders, etc., is unnecessary, and they should be
made the same size. An interesting detail developed for improved producibility associated
with cut~outs and floor and web stiffeners is shown in Figure 1.63. It was developed by
Burmeister and Wain in Denmark after considerable research into the stress distributions
around various cut-out/stiffener detail. Usually the stiffener is connected to the
longitudinal, requiring considerable work content to fit, align, and weld the connection.
The improved detail moves the stiffener out of line with the longitudinal, thus eliminating
the connection.

(¢c) Brackets. There are many approaches to the design of brackets for frames,
beams, longitudinals, and stiffeners. Again they are usually based on borrowed industry
standards, BUSHIPS standards, or a design agent’s standard, instead of being thoroughly
researched to determine the best design for a given shipyard. In the days of
piece-by-piece erection on the building berth, brackets were very simple, and where shape
was involved they were fitted at the ship frame by frame. Figure 1.64 shows the
evolution of beam and frame brackets. Type A is a pre-computer-aided lofting and
automatic burning bracket. It was often sheared or burned from plate scrap, and two
standard sizes generally covered the complete ship. Standard II was used for shaped
brackets, and the excess material was cut off when joining beam and frame. Type (B)
shows a bracket which is practical only through the use of computer-aided lofting and
optical or N/C burning. As Type (B) can be accurately produced, it can be used with
advantage to correctly align frame to beam and shell to deck. Type C is a bracket which
utilizes the same concept as Type (B) but attempts to eliminate the complex cutting of the
ends of beams, frames, stiffeners, etc. Its advantage is that as the bracket is cut by
automatic machines, all shaping can be easily accomplished, and the end cut on the frame,
etc., becomes a simple straight cut. Its disadvantage is that as it is still used for
alignment, it usually requires a larger bracket, thus encroaching on internal space.
Another way to reduce the work content of brackets is to use thicker material and
eliminate flanging or welding on a face plate. This is allowed by classification rules.
Figure 1.65 is a collection of brackets for “tee” beams and frames, including BUSHIPS -
standards which, it can be seen, are not “production kindly.” Alternative bracket details
are provided for comparison.

(d) Web Frames. Ships such as tankers and bulk carriers, and also some large
naval ships, incorporate many web frames in their structural design. The usual approach
utilizes ring web frames with their many face plates and web stiffeners. Figure 1.66
shows typical ring web frames, and an alternative approach utilizing non-tight bulkheads
in place of the ring web frames. The non-tight bulkhead web frame can be constructed for
less manhours than the usual ring web frame, as it eliminates many differing parts,
including the thick face plates which are normally rolled. It can also be constructed on a
panel line with automatic and semi-automatic assembly equipment. However, in the case
of coated tanks, the cost increase for the coating for the additional surface area must be
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FIGURE 1.61 Cut-out alternatives for productivity.

FIGURE 1.62 Oil/water stop design for productivity.
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[B] ANGLE OPEN CUT-OUT WITH ATTACHED STIFFENER

T

[C] ANGLE OPEN CUT-OUT WITH UNATTACHED STIFFENER

FIGURE 1.63 Floor/web frame stiffener designs.
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taken into account. Where ring web frames must be used, they should be simple in design,
without any curved inner contours or shaped face plates. All the inner contours and face
plates should be straight. Also the face plates should be located on one side of the web and
not centered or even offset as a “tee.” These concepts are shown in Figure 1.67.

(e) Access. The location of access holes through the structure is important from
the productivity point of view and must be considered for all positions of the assembly or
module during construction, and not only for the final ship attitude as illustrated in
Figure 1.68. It is a noticeable practice of many designers to center access holes in floor,
girders, webs, etc., making them difficult to use. It is also puzzling why designers persist
in using 23-inch by 15-inch oval and 18-inch-diameter access holes. This is a carryover
of U.S. admeasurement requirements that are only applied today to small ships that are
pushing to get under the 200 or 300 gross registered tonnage. USCG admeasurement
staff are not so concerned with access openings in large ships, and with the new
international tonnage regulations now in force, there is no size limit for access holes.

During construction and for maintaining the ship in service, staging is required in
deep tanks and under flats and decks. This can be effectively provided by integrating the
requirements into the design as permanent features. For example, for staging,
3-inch-diameter holes can be cut in floors, girders, web frames, deck transverses, etc.,
through which 2.5-inch-diameter staging pipe can be placed and staging planks laid across
the pipes. This concept is shown in Figure 1.69, which also shows the cutting of hand and
toe holes in the structure to assist access throughout the ship. These staging and access
holes can be efficiently cut by the automatic burning machine when cutting the plate.
Another approach to improve access is to design “built-in” construction and access
galleries as shown in Figure 1.70.

(f) Penetrations. One area of significant work content faced by shipbuilders of
naval and other sophisticated ships is the cutting of penetration holes for pipe, vent duct,
and electric cable. This must obviously be done for systems when passing through
bulkheads, decks, and external boundaries, but it is usual practice to see it also for deck
transverses, girders, and web frames. The need to penetrate the latter items should either
be eliminated or made easy to accomplish. It can be eliminated by the design of minimum
depth members to allow running all systems below or inboard of the member. Conversely,
if the tween-deck height is increased, the same goal can be achieved with normal depth
members. Obviously, a combination of both may prove to be the best. It can also be
accomplished by designing “open” structural members through which the systems can
easily pass. That is, the depth of the member can be deliberately increased, and the web
material cut away to allow access for system routing. Figure 1.71 illustrates this concept.

(g) Scantling Standardization/Number Reduction. In a recent contract
design for a small 224-foot naval service ship, the design agent utilized 12 different
thicknesses of plate and 51 different shapes. Although one of the worst examples ever
seen, it is quite common for designs to be prepared without any regard to keeping size
differences to a minimum. An example of what can be done in this area is the case of a
shipowner’s contract design which had 30 different shapes. The shipyard reduced these to
nine during detail design, with less than 1% increase in steel weight. However, the
manhour savings resulting from the easier receiving, storing, handling, processing, and
installing was 6% of the steel construction budget.

(h) Bilge Framing. In a longitudinally framed ship the longitudinals in way of
the bilge radius are of high work content due to their shaping, twisting, closing angles, and
cut~out chocking. The use of bilge brackets in place of the longitudinals is a
productivity-improving alternative as shown in Figure 1.72. Obviously, with
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FIGURE 1.71 Deck transverse/girder design to
eliminate field cut penetrations and reinforcement.
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FIGURE 1.72 Bilge framing alternatives.
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computer-aided lofting and N/C burning, the bilge brackets are easily produced. This
approach also provides simpler and better control of the shape of the bilge shell plates.

(i) Plate Straking. In conjunction with transverse framing it is cost effective in
some shipyards to adopt transverse straking of the bottom and side shell, tank tops, flats,
and decks. This item was already discussed in conjunction with module boundaries where
the advantage of the approach was stated to be its suitability for panel line fabrication. It
has been shown to also reduce the joint weld length for the plating. This concept is
illustrated in Figure 1.73.

() Corrugated, Swedged, and Custom-Stiffened Panels. The meaning of the
various types of stiffening for structural panels can be seen in Figure 1.74. Corrugated
bulkheads were extensively used in tankers and bulk carriers in the early 60s. They lost
some of their attractiveness in tankers due to corrosion problems at the “work hardened”
bends. With today’s available tank coatings and segregated ballast tankers, this
disadvantage has been eliminated, and the use of corrugated bulkheads in tankers is
becoming popular once more. The obvious advantage of corrugated stiffened panels is the
elimination of independent stiffeners and the accompanying welding. Where the length of
corrugation is such that butts are necessary, the “layer” or “through plate” construction
method as shown in Figure 1.75 is a way to reduce work content, especially if combined
with a stringer. Many shipyards do not utilize corrugated bulkheads because they do not
have the required forming capability. This can be overcome by subcontracting the forming
work or by utilizing “built-up” corrugations as shown in Figure 1.76. Corrugated
bulkheads provide many side cost reduction and operation benefits such as “natural”
access trunks with built-in ladders and trunks for pipes, etc.

Swedges have been used to stiffen miscellaneous “non-structural” steel bulkheads
for many years. Their initial use was for internal bulkheads ardund toilets, staterooms,
storerooms, etc. They were first approved by Lloyds, and used on the vessel Ocean
Transport for structural tween-deck bulkheads in 1959. A major benefit in the use of
swedges is the elimination of plate distortion due to the welding of stiffeners to the plate.
This is especially important for very light material. In addition to bulkheads, swedging
has been used to stiffen deckhouse fronts, sides, and ends. There is no reason why
swedged or small corrugated stiffened panels could not be used for decks. For long decks
the swedges would run longitudinally. For short decks, such as those in deckhouses, the
swedges could run transversely. The already-mentioned use of swedges for deckhouse
exterior boundaries is also a good productivity improvement, and should be considered.
The aesthetics of such a practice is quite acceptable to most shipowners.

The use of specially designed “custom” panels can also be a work content reduction
approach. It is particularly worthwhile for very thin panels and special materials. In such
a case the manufacturing tolerances must be tight, and the quality control consistently
applied. .

Obviously, before utilizing any of the structural details discussed above, a complete
producibility/cost benefit analysis should be performed by each shipyard to ensure that the
selected detail is the best for their particular facility, equipment, and methods.

1.5.4 STRUCTURAL FITTINGS. It is usual to group certain items which are
either integrated into the structure, such as stem and stern frames, or connected to it,
such as bitts, chocks, steel hatch covers, manholes, ladders and structural doors, into a
category which is commonly known as structural fittings. Foundations are sometimes
included in this group. Many of the items in this group were castings in the past, and
have been replaced by weldments such as bitts, stems, and stern frames.
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There is considerable opportunity to apply design-for-production techniques to
structural fittings. For example, when stern frames were first designed to replace
castings, they were still designed as an independent item from the rest of the stern
structure, and this is still being done as can be seen in Figure 1.77. With modular
construction there is no logic for this, and the stern frame should be integrated into the
stern lower module. This was already discussed in Section 1.3.3(c). The work content
would be significantly reduced, as the stern frame is effectively eliminated as a separate
work item. The replacement of the stem casting by a weldment was already discussed in
Section 1.3.3(g), but it obviously requires the cooperation of the developer of the lines to be
able to do so. Typical approaches to simplifying stem details were given in Figure 1.18.

The traditional design of rudders results in high work content which can be reduced
by simplifying the design through the following approaches:

o Constant section throughout the depth

® Vertical leading and trailing edges

® Spade rudder instead of rudder on horn or with sole piece
o Horizontal bolting coupling instead of taper with nut

These concepts are shown in Figure 1.78.

Foundations for marine equipment are traditionally pedestal type, made out of plate.
They usually support only one piece of equipment. Even before advanced outfitting was
developed, it was an obvious productivity advantage to integrate the foundations for
multiple associated equipment, as shown in Figure 1.79. The unitization, as it was called,
of steering gears, hydraulic power plants, inert gas systems, and purifier installations has
been commonplace for decades. The grouping of small items into a mounting plate which
was then installed on the ship was also commonplace. The use of standard foundations is
obviously worthwhile, due to reducing engineering and lofting effort, and production
manhours due to multiple runs and work familiarization. Foundation design for production
depends on shipyard equipment and worker capability, but in general the following
approaches have provided least work content design:

(a) Minimize number of parts.

) Minimize number of unique parts.

(c) Do not mix plate and shapes. That is, make a specific
foundation either all plate or all shapes.

d) Standardize on a few structural shapes such as angle, channel,
or square tube.

(e) Run support vertical.

® Provide required “structural back-up” on same side of
structure as the foundation. That is, integrate it with the
foundation.

(& Eliminate fitting joints. Maximize lapping design.

(h) Use sheet metal independent drip pans in lieu of built in.

@ Foundation designer and equipment arranger should work
together during design of foundation. Sometimes moving the
equipment a few inches can significantly simplify the
foundation design and construction with no adverse impact on
arrangement.

® Securing bolts must be easily accessible. Otherwise provide
studs.

Some of these concepts are shown in Figure 1.80.
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FIGURE 1.77 Fabricated stern frame
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For the remaining structural fittings, the use of standards is an essential
design-for-production approach. It is illogical to redesign, and/or redraw items such as
hatch covers, railings, structural doors, ladders, flat and ensign staffs, etc., for each new
contract. Figures 1.81 through 1.88 show various possible standard structural fittings.

One item that is surprising in its lack of standardization in many shipyards is
manholes and their covers. For some reason the cover and gasket for the coaming, raised,
and flush types are made with different dimensions. There is no reason why the covers
should not be the same, with only the different parts for each type being designed to suit.
This is shown in Figure 1.81. Figure 1.82 shows an approach to standard railing. These
can be constructed by small outside job shops, resulting in significant cost savings. It is
possible to construct them out of Fiberglas instead of steel (or aluminum), again with
resulting cost savings. The installation information would simply state how many
standard railing units would be installed and their location; and required special sections
such as return-end rails. Special attachments for equipment such as life rings would also
be a standard, such as shown in Figure 1.83. External hand rails for house sides is
another simple standard, as shown in Figure 1.84. Flagstaffs can be handled by one
standard with alternate fittings for use as an ensign staff. They can be made from steel,
aluminum, or fiberglass pipe. Figure 1.85 shows such an approach. Figures 1.86, 1.87,
and 1.88 are possible standards for ladder rungs, toe and hand holes, and eyebrows. The
design of independent tanks is an area with significant potential for design-for-production
benefit. Figure 1.89 shows typical designs, and suggested improvements.

Obviously not all of the possible structural fittings have been covered, but the intent
should be clear from those that are.
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FIGURE 1.83(b) Details for standard lifebuoy stowage.
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