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ABSTRACT
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Thesis for the degree of Doctor of Philosophy
SHIP DESIGN-KNOWLEDGE IN EARLY MODERN EUROPE:

ROYAL YACHTS AND THE SHARED KNOWLEDGE OF SHIP-DESIGNERS AND COMMON
SHIPWRIGHTS

Juan-Pablo Olaberria

The initial objective of this thesis aimed at comparing the performance characteristics of two
yachts belonging to King Charles Il of England during the latter years of the 17" century. This goal,
which called for accurate modelling of the shape of each yacht, was extended to investigate the
design processes used by Dutch and English shipwrights of the period. It was soon decided that,
instead of focusing on the performance of each ship or, more precisely, of their theoretical -
therefore questionable— reconstruction, this research would focus on the design knowledge of
the early modern period used to design the different yachts and contemporary ships. This was
necessary, firstly, as a means of helping with the theoretical reconstruction which was one of the
initial aims of the research. But, most importantly, it was necessary to produce a picture of the
knowledge-space in which ships of this period were designed and built. Consequently, this
research offers an overview of the current narrative that describes ship design knowledge of the
early modern period and criticises some aspects of it. Moreover, as the current understanding of
such knowledge is included within a longer narrative that describes ship design knowledge of
shipwrights from the earliest known examples of ships to the present, this research also looks into
the manner in which ship design knowledge is understood within such a long narrative. This
research provides arguments to show that ship design knowledge could be re-defined. It provides
a more nuanced description of the design knowledge of traditional shipwrights and includes the

knowledge of early modern shipwrights within this re-modelled narrative.
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Chapter 1. Introduction

Chapter 1: Introduction

One of the most repeated ideas in studies of past shipbuilding traditions is that ships and boats
are one of the most complex artefacts ever built.! One reason for such complexity would be the
medium in which ships and boats are used: the water. In contrast to a building or other human-
made structures that perform in a relatively stable environment, ships must survive in a medium
that constantly changes due to the weather and other environmental conditions. If practical
requirements are taken into account, the first requirement for a ship is that it must have sufficient
buoyancy to support its own weight and any additional load carried by it. Until the adoption of
mechanical propulsion ships, mainly, relied on sails as a means of propulsion. This brings with it a
second requirement: the ship has to be able to remain upright in opposition to the forces created
by the sails that try to capsize it. To further increase the complexity of the ship as a technological
artefact, it must be made strong enough to survive the variable and often unpredictable
environment. But not too strong or else the weight of the over-engineered structure could render
it useless. In summary, in order for this complex human-made artefact, the ship, to be of any use,
it must be made in such a way that it performs in a suitable manner. It must float, it must stay
upright and it must be strong enough to survive the forces imposed by wind and waves during its
operation. There are, obviously, more requirements from a ship. For example, it must move
through the water efficiently, or at least in an expected manner with the rigs and/or manpower

available.

However, ships are not just floating platforms with a purely practical goal. Therefore, in addition
to the techno-practical complexities mentioned above, ships present other aspects that add to
their complexity and increase their interest as a means to gaze into the minds of past societies
responsible for their construction. For example, ships are often built with an economic goal. This
makes them a suitable material of study to learn about socio-economic relations in the past.2
Also, ships can be understood as the materialisation of the aspirations of a society working within

physical and metaphysical constraints,? thus, they are useful to study technological development

Adams, J. 2013. A Maritime Archaeology of Ships. Innovation and Social Change in Medieval and Early
Modern Europe. Oxford: Oxbow books, p. 11; Maarleveld, T.J. 1995. Type or technique. Some thoughts
on boat and ship finds as indicative of cultural traditions. International Journal of Nautical Archaeology,
24(1), p. 3; Muckelroy, K. 1978. Maritime Archaeology. Cambridge: Cambridge University Press, p. 3.

2 Unger, R. W. 1980. The Ship in the Medieval Economy 600-1600. London: Croom Helm.

Adams. A Maritime Archaeology of Ships, p. 23.
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as part of wider processes of social change.* Lastly, due to their relatively small size, the social
divisions and social relations on board may be different to those of land-based societies. Thus, the
study of interior arrangements within ships can be used to learn about such social interactions on
board which, in turn, can help define the social landscape in land.®> These examples illustrate that
far from being a sailing machine that can be studied from a practical point of view only, ships can
be used to explain wider aspects of human nature. However, this research started with a strong

techno-practical outlook.

The initial goal set for this research aimed at evaluating the differences in performance of
Charles II's (King of England from 1660 to 1685) royal yachts with special emphasis on two of his
yachts, both called Mary.® In general, Royal yachts were built and equipped for the King. As ships
of high status, it could be expected that they would have been built by trusted shipwrights
following up-to-date design methods. The original Mary was Dutch while its replacement was
English. Hence, they would have been shaped and made following different design criteria (see
chapters 4 to 7). These yachts were built for racing, or at least that is the prevalent idea in the
literature. The idea of racing suggests images of sophisticated sailing machines competing for
speed and manoeuvrability, designed by ship-designers applying specialised knowledge in the

pursuit of the ultimate goal: winning at the race course.

From a scholar’s point of view, it might be interesting to know if there are differences in
performance between the different yachts (Dutch and English) and if those could be linked to
their design. This, in turn, could be used to look into their design traditions (Dutch and English).
Contemporaries of both ships wrote that Charles Il ordered the design and construction of a yacht
to beat his first yacht, the Mary, which had been a gift from the Dutch. Consequently, the idea
that the new ship had been built with a design brief aimed at surpassing the Dutch Mary on the
racecourse was considered worthy of investigation utilizing tools available to modern naval

architects. However, this mainly technical approach was soon considered unsatisfactory.

4 For a discussion about the relation between technological innovation and social change in early-modern
Europe see: Adams. A Maritime Archaeology of Ships.

5 For example: Eriksson, N. 2014. Urbanism Under Sail: An Archaeology of Fluit Ships in Early Modern
Everyday Life. Huddinge (SE): S6dertdrn University.

5 This project grew out of an existing collaboration between the History, Ship Science and Archaeology

departments at the University of Southampton. The initial aim of the project was to compare how the
two versions of the Mary handled, sailed, and how suited they were to British waters. The results would
allow an exploration into the significance of the first royal yacht and how both forms of the vessel were
used politically and socially; how competition with the Dutch may have driven the decision to reform
the second ship’s hull. The initial project fitted in the maritime studies research strategy within History,
extending it more firmly into the early-modern period.

2
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Very soon in the research it was considered that a study of performance could not provide a
meaningful insight into the society responsible for the construction and use of the yachts. Yes, a
ship may be faster or more weatherly than another; it may be more capacious; more stable;
stronger; etc. But very soon it was realised that these differences could not inform about the
people responsible for their construction. The study of each yacht may provide an indication of
what shape they were and how they were built and rigged, for example. But it would provide little
insight into the reasons behind the technological choices that resulted in a particular
configuration. Such choices would not have been made in a vacuum of individual ship-designers
or shipwrights each with their own set of beliefs and technological knowledge. On the contrary,
the choices that led to the construction of the yachts were taken within a shared knowledge-
space and technological-landscape. This research has focused on these. By characterising the
knowledge of early modern shipwrights, it was expected that it would be possible to produce a
better description of the social and technological-landscape in which ship-designers and
shipwrights of the period performed. By extension, one of the goals of this research became to
study and criticise the manner in which this knowledge-space is defined in the current

scholarship.

Charles II's yachts provided a good opportunity to explore the knowledge-space of ship-designers
and shipwrights of the end of the 17% century in two shipbuilding traditions which, often, are
considered to be exemplars of two opposite ways of approaching the conception and
construction of ships (Chapter 2). However, these yachts, and the English and Dutch building
traditions were used as a pretext to look into the wider picture in order to understand the
processes of hull design in these two traditions, and more widely, by extension —both
geographically and in time—, they can be used to better understand and define the knowledge-
space and technological-landscape of ship-designers and shipwrights of the early modern period.
This led to a further extension in the time limits in order to re-define the manner in which
shipwrights of different building traditions are understood to visualise three-dimensional shape.
In doing so, a proposal will be made to suggest that shipwrights since the ancient Mediterranean
to the mid-19'" century shared a common paradigm which helped them define and, most

importantly, store and transmit three-dimensional shape.

In order to research the technological-landscape of the period ship design treatises from the 15"
to the early 19'" centuries have been studied (tables 1-2). They are described in their respective
subheadings in chapters 4-5. This will help understand the outlook of this research, hence its
outcome. But, it will mainly help highlight one of the shortcomings of the current scholarship.
That is, the over-representation of a few selected treatises, and the apparent disregard to the

abundant additional literature. Additionally, a new source of evidence, Arrospide’s design
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‘instructions’, is brought to the attention of scholars for the first time. The method is described in
detail in Appendix B, where the ‘instructions’ are also translated into English. These ‘instructions’
provide a unique method of hull design used in the construction of commercial ships, for which no
parallel has been described in the literature. They should help describe the technological-

landscape of late 18" century Spain and, by extension, Europe.

During this research there has been an especial emphasis in keeping a constant awareness of the
outlook of the present author. First, as a naval architect since 1995, the present author has tried
to always approach the subject from a techno-practical stance. This has made it possible to search
for the ultimate goals of the different design-strategies studied in this research and to understand
them as the means available in the period to guarantee certain performance characteristics of
ships. As a boat builder, building and repairing wooden boats for more than 12 years, the outlook
of this researcher had always in mind the realities of wooden boat- or ship-building. Thus, the
design-recipes and design-strategies analysed were read through the lens of the shipwright who
had to not only find a way of building a ship but, more importantly, the shipwright had to find a
way of storing and transmitting such knowledge in order for it to survive. Finally, having done an
MA in Maritime Archaeology in 2012-3 this researcher became aware that there is a body of
literature, which studies ships as a means of understanding past societies, that is grounded on
ideas about the shipbuilders’ design-paradigms that require to be revised. Central to this is the
manner in which shipwrights are understood to visualise hull-shape and hence create their
knowledge around this paradigm. Design treatises of the early modern period form one of the
pillars on which this current narrative is founded on. Therefore by re-analysing the treatises,
keeping these three different but complementary outlooks, this research will try to re-define, or
at least define in a more nuanced manner the knowledge-space and technological-landscape of

pre-19'" century shipwrights.

Finally, this research started by looking at the particular case of Charles II’s yachts and,
specifically, at their performance. This precise focus of interest opened up a wider field of
research. The yachts provided the excuse to justify looking into the wider picture, so to speak.
Thus, the research could not focus only on the shipwrights responsible for the construction of the
yachts or their contemporaries. The results of this thesis would like to help portray the nature and
knowledge of shipwrights building planked ships’ since at least the ancient Mediterranean into

the mid-19'" century and, therefore, extended its temporal and geographical limits to those

7 This thesis has focused on planked boats and ships without consideration to other type of floating

vessels whose shapes may be the result of a different set of design choices available to the shipwrights.
For example, logboats which are constrained by the shape and size of available trees.

4
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periods. Obviously, the research focused mainly on the early modern period. It is hoped that the
following chapters will justify the opening of the scope and outlook of the research which in turn,
should provide the opportunity to address some of the limitations of the current scholarship and

provide a more nuanced picture of ship-designers and shipwrights and their knowledge.

1.1 Development of the aims of the thesis

The aim of this thesis evolved during the process of research. The original aim of the thesis was to
investigate and compare the royal yacht Mary and its replacement, also called Mary, both of
which belonged to King Charles Il of England in the latter part of the 17" century. One of the
initial objectives of the thesis was to investigate the possible differences in performance of both
Mary-s, and to relate these differences to their hull shapes. The first Mary was of Dutch
construction and, therefore, had a typical Dutch shape. The second Mary was built in England and
had an English shape. Hull-shape and ship performance are interrelated aspects.® Therefore, this
research would try to establish how ship performance was affected by their respective hull-
shapes, and how these shapes might have been adapted to particular sea conditions or to the

different uses of the yachts during their service in the navy and as personal ships of the King.

The initial goal of the research, the analysis of hull performance, required an approach based on
modern naval architecture. Consequently, the analysis of the performance of both Mary-s and the
rest of Charles II's yachts required that their shape had to be modelled as precisely as possible, as
the definition of the ‘correct’ shape of the hulls is a prerequisite for any hydrodynamic analysis.
However, there are no archaeological remains that can help with the modelling of any of the royal
yachts, hence their shape had to be modelled from other forms of evidence.’ In the case of the
second Mary and the rest of the English yachts there are near contemporary plans supplemented
by official records, paintings, and shipbuilding treatises to allow a theoretical reconstruction of
their shape. However, this was not the case for the original Mary, for which no plans existed, and

only the principal dimensions of the hull and paintings existed. This required that, in order to

8 Marchaj, C.A. 1986. Seaworthiness: the forgotten factor. Camden, Maine, USA: International Publishing
Company, p. 10. For reference books on ship-design understood as the relation between hull shape and
ship performance see, for example: Saunders, H.E. 1957. Hydrodynamics in Ship Design. Volumes | and
/. New York: Society of Naval Architects and Marine Engineers (SNAME); Watson, D.G.M. 1998.
Practical Ship Design. London: Elsevier.

9 There are some archaeological remains of the original Mary of Dutch origin. However, very limited hull
material survived and, as a result, a reconstruction of its shape from the archaeological remains is not
possible (e.g. Tanner, M. 2008. Royal Yacht Mary. The Discovery of the First Royal Yacht. Board of
Trustees of the National Museums and Galleries on Merseyside).
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model its theoretical shape, the design practices followed by 17th century Dutch shipwright had

to be applied during the process of digital modelling (appendix C).

This prompted an analysis of the literature describing Dutch shipbuilding of the 17th century. It
was soon found out that in the body of literature written since the middle of the 20" century
there is a wide acceptance of the idea that Dutch builders of the period built their ships ‘by-eye’
(chapter 2). If this were correct it would be impossible to really propose a hull shape that could be
said to resemble the shape of the original Mary with confidence as it would be impossible to

recreate the eye of the original builder.

In order to really understand how Dutch shipwrights designed the shape of their hulls primary and
secondary sources had to be compared and analysed in a critical manner. As a result of this, the
research into Dutch and English ship design procedures followed during the 17th century became
a point of interest. Similarly, the manner in which English shipwrights of the 17" century
shipwrights are said to understand the process of designing their ships was researched and found
to be lacking in certain respects. This prompted the investigation to centre on the specific area of
scholarship that deals with the design-knowledge and design strategies of early modern
shipwrights. Although, later the temporal limits were extended to include (briefly in chapter 7) the

ancient Mediterranean period.

As a result of this process, the initial research questions were modified from a particular focus on
the performance of a few individual ships, to a wider look into the knowledge-space and
technological-landscape of early modern shipbuilders. The yachts, which initially were the
‘narrow’ goal of the research, became the excuse to open the gate into a new, ‘wider’, field that
represented the knowledge used by shipwrights of the period. By widening the scope it became
possible to look at how shipwrights of the period designed the shape of their hulls and provided a

better understanding of the ultimate reasons behind those design-strategies.

1.2 Research questions

This research has maintained two parallel lines of enquiry around which the research questions
can be grouped. The first line of enquiry focuses on the knowledge of early modern ship-designers
and shipwrights. The second line of research focuses on the manner in which this knowledge is

described in the currently scholarship.
e With respect to the knowledge of early modern ship-designers and shipwrights:

o What s the design-paradigm of early modern ship designers and shipwrights?
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o Do they share a common design-knowledge or, on the contrary, do they have

different design-paradigms?

o What s the real purpose of the seemingly different design-strategies? Are they
means of obtaining new shapes, or on the contrary are they just strategies for the

storage and transfer of knowledge?

e With respect to the manner in which the knowledge of early modern ship designers and

shipwrights is portrayed in the current narrative:

o Isthe knowledge of early modern ship-designers and shipwrights characterised

correctly?

o Can the current narrative be reviewed to offer a modified account that helps

characterise the knowledge of early modern ship designers and shipwrights?

1.3 Methodology and sources

Defining this research from a methodological point of view is not an easy task, as the project is a
collaborative effort that involves three different departments of the University of Southampton —
History, Ship Science and Archaeology— each with specific methodologies. Consequently, the
project needed an initial approach that required an understanding of 17th century shipbuilding, a
practical understanding of ship design processes and the ability to tackle the challenging

engineering analysis.'°

This research required the analysis of a large body of primary and secondary literature. The
references to historical sources —both primary and secondary— are described in chapters 2, 4-5 of

this document. These sources include original 17" century shipbuilding treatises (chapters 4 to 5;

10 As a PhD candidate engaged in this research the present author’s personal skills allowed this author to
tackle it with the necessary wide skill-set. Thus, | brought a practical focus to the research, as a result of
having more than 12 years practical experience working as a shipwright building, repairing and restoring
wooden boats. Also having obtained an MA in Maritime Archaeology provided this author with a grasp
of the theoretical challenges ahead and, especially, helped identify aspects of the research which can
contribute to the creation of new knowledge. Also, being naval architect has allowed this author to
tackle the complex engineering analysis and understand its limitations. Finally, this author’s command of
Spanish and written French has made it possible to access original 17th century manuscripts. As it will
be shown, this has facilitated a critical review of established theories that, as a result, have produce new
knowledge with regard to the real methods followed by 17th century shipwrights to shape their ships.
Finally, fluency in the Basque language has allowed this author to understand and translate Arrospide’s
‘instructions’ which, although were written in Spanish, it was done in the style of a Basque speaker with
relatively poor grasp of Spanish grammar and syntax.
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appendix B; tables 1-2), original accounts describing 17" century shipbuilding in the Netherlands
(chapter 4; appendix A), and original near contemporary plans for the second Mary and other
royal yachts (appendix C). The body of literature that describes the modelling and engineering
analysis of ships of this period is more limited. Some authors have successfully argued for a digital
reconstruction and analysis of the performance of early ships from limited archaeological
material. For example, Jon Adams effectively used limited archaeological remains to reproduce
the shape of the 17" century Sea Venture. By combining manual and computerized procedures
Adams estimated some basic performance characteristics of the hull from a technically rigorous
perspective.'! Other authors have also analysed ships of this historical period by using an
interdisciplinary methodology that combines historical and engineering approaches. Most notably
the theoretical reconstruction of 17" century Portuguese naus?? by Filipe Castro et al. shows the
level of detail that such an effort may produce when historic and engineering approaches are
combined.®® However, there are also authors that have approached the analysis of the

performance of ships of the period from a purely engineering approach.

In the early 1990s two reproductions of a mid-18" century Dutch cargo ship called Amsterdam
were built in the Netherlands. Based on one of them, and with a purely engineering approach,

A.H. Hubregtse calculated the performance of the ship using scale models in a towing tank and
computer velocity predictions for the sailing rig.* The results may represent closely a ship with

the geometry of the 1990s reconstruction. However there was no attempt to check if the forces

11 Adams. A Maritime Archaeology of Ships, pp. 130-147.

12 A nau is a type of ship used by sailors of the Iberian Peninsula (Portugal and Spain) around the time of
their maritime expansion in the Americas and Asia.

13 The process of theoretical reconstruction, which is based on a combination of historic material, modern

naval architecture and 3D modelling software is described in the following series of papers: Castro, F.
2005. Rigging the Pepper Wreck. Part I—Masts and Yards. International Journal of Nautical Archaeology,
34(1), pp. 110-122; Castro, F. 2009. Rigging the Pepper Wreck. Part 2—Sails. International Journal of
Nautical Archaeology, 38(1), pp. 105-115; Castro, F., Fonseca, N. and Wells, A. 2010. Outfitting the
Pepper Wreck. Historical Archaeology, pp. 14—34; Fonseca, N., Santos, T. and Castro, F. 2005. Study of
the intact stability of a Portuguese Nau from the early XVII century. Maritime Transportation and
Exploitation of Ocean and Coastal Resources, 1, pp. 893—-900; Santos, T.A., Fonseca, N. and Castro, F.
2006. Stability characteristics of an early XVII century Portuguese Nau. In Proceedings of the 9th
International Conference on Stability of Ships and Ocean Vehicles (STAB 2006), pp. 69-80; Santos, T.,
Fonseca, N. and Castro, F. 2007. Naval Architecture Applied to the Reconstruction of an Early 17th
Century Portuguese Nau. Marine Technology, 44(4), pp. 254-267; Santos,T.A, Fonseca, N., Castro, F.,
and Vacasa, T. 2012. Loading and stability of a late 16th century Portuguese Indiaman. Journal of
Archaeological Science, 39(9), pp. 2835—-2844.

4 Hubregtse, A.H. 1990. The V.0.C. ship Amsterdam: A velocity prediction. In J. Gerritsma (ed.), 11
International Symposium on Yacht Design and Yacht Construction. Amsterdam, 13 and 14 November
1990, pp. 160-179.
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calculated in the analysis could be admissible for a 17" century rig and materials'>. Therefore, it is
possible that the forces calculated may have resulted in rig loadings that were too large for the
materials of the 17" century. Without consideration for this and other aspect of the analysis, the
validity of the results may be questioned. As it will be described in appendix C, this research
encountered difficulties with the theoretical analysis of the performance of the hulls, which raised
doubts about the validity of the results. Thus, this avenue of research was not pursued further.
Instead, it put the focus on the design-knowledge of early modern shipwrights which should help

enlighten this period of history.

Finally, a note must be made here about the usefulness that this research may have for someone
interested in the archaeology of ships. After all, no original archaeological material has been used
directly in this research, and hence, it cannot be argued that materials directly originating from
original archaeological enquiry have been used for this research. However, much of the discussion
about the conception of hull shape has been based on works of reference and secondary material
which are used regularly by maritime archaeologists in their analysis and interpretation of
archaeological remains, as well as on primary sources that are regularly referred to in the
archaeological literature. It is felt that the use of this material, their critique, and the relevance
that this critique may have in the interpretation of past shipbuilding by maritime archaeologists

justifies the archaeological scope of this research.

1.4 Structure of the thesis

The thesis is divided in nine chapters grouped in three parts. Chapters 1 to 3 present the research
to the reader and introduce key ideas which establish the boundaries of the research and the
current scholarship on the subject. The methodology and aims of the research are also described.
This is followed by the middle part of the thesis, made up of chapters 4 and 5, where the main
material used in this research is described. It consists of an analysis of ship-design treatises dating
from the 15™ to the late 18" century.® Finally, chapters 6 to 9 provide a critique to current
scholarship (chapter 6). This is followed by chapters 7 and 8, where a series of ideas are offered to
describe the ship-design knowledge of traditional shipwrights — including the early modern
period. The last chapter of this group, chapter 9, summarises and concludes the thesis. Several

additional appendices provide supporting material that could not be included in the main body of

15 Hubregtse. The V.O.C. ship Amsterdam, p. 160.

16 The thesis is accompanied by a DVD where the treatises used in this research are included. This will
allow the reader access to the original ship-design treatises.
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the thesis. Appendix A deals with Arnoul’s account of Dutch shipbuilding written in 1670 and the
manner in which its mistranslation has helped maintain a description of Dutch design methods
which is not supported by its contents. Appendix B describes Arrospide’s 1789-90 ship design
instructions which describe in detail a new method of hull design not described up to now in the

literature. Finally, appendix C contains a short glossary of technical terms used in this thesis.
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Chapter 2: Contextualisation: Ship-design in the early

modern period

This chapter describes the context that has framed this research. The first part of the chapter
describes the yachts of Charles Il in order to give an overview of these ships and how they were
used by the King and additional users. This will be useful to understand the nature of these ships.
Were they specialised ship types, hence with their own design solutions and design methods? Or,
on the contrary, were they general ship types used for a variety of purposes, and, therefore, of a
general form and without particular design solutions and design methods? The answer to these
questions will open, in subsequent chapters, a window into the design-knowledge of early
modern shipwrights. The second part of the chapter discusses the current understanding of the
wider technological context in which these ships were designed, built and used. The main focus
will be placed in the conceptual approach used by ship-designers/ shipwrights to conceive the
shape of their hulls. This will provide the reader with the background knowledge required to
understand the approach followed in this research in order to answer the main research
guestions which were centred on two lines of enquiry. One focusing on the design-knowledge of
early modern shipwrights and ship designers and another on the manner in which such

knowledge is characterised in the current academic literature.

2.1 The royal yachts of Charles Il. A specialised or generic type of ship?

During the 17™ century England suffered a civil war (1642-1651) in which the ruling monarch,
Charles | (1600-1649) was beheaded on the block. His son, who was later to become King
Charles Il (1630-1685), had to flee to exile, where he remained until monarchy was restored in
1660. The civil war was followed by periods of political and religious unrest which were not fully
settled with the restoration of the monarchy.'” Within this backdrop, the figure of Charles Il
stands as a ruler who, according to one view, indulged in his own pleasures, who ‘prefer[ed] the
racecourses [...] and brothels [...] to the day-to-day tedium of government’.’® He had a

cosmopolitan personality that contrasted with the common personality of his English subjects.®

17" Coward, B. 1980. The Stuart Age. England 1603-1714. London: Pearsons Education, p. 283.
18 Coward. The Stuart Age, p. 291.

1% Holmes, G. 1993. The Making of a Great Power. Late Stuart and Early Georgian Britain 1660-1722.
London: Longman, p. 86.
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For some of his contemporaries ‘King Charles was a young Prince more inclined to taste the

pleasures of power than willing to feel its weight’.2°

One of his favourite pastimes, was sailing and racing sailing yachts. The nature of these races is
not clear, as there are few original references to actual races, however, the origins of the interest
seem to be clearer. The first yacht that Charles Il had was a present from the city of Amsterdam to
celebrate the restoration of the English monarchy in 1660, which he used for his personal use for
a short period of time.?! This prompted the King to order a series of new yachts (table 3). It is
generally accepted that these new yachts were designed and built in order to be superior to the
Dutch gift in every aspect.?> Contemporary accounts by Samuel Pepys (1633-1703) 2* seem to

corroborate this.?

The yacht gifted by the city of Amsterdam, the Mary, had been originally built for the Dutch East
India Company.? Although, as it will be described, the word yacht did not refer to a homogeneous
type of ship, it has been suggested that its appearance could have been similar to other Dutch

yachts of the period like the yacht depicted in figure 1 extracted from Nicolaes Witsen’s (1641-

20 Charles Davenat. 1699. in Holmes. The Making of a Great Power, p. 92.

21 ' Hooft, C.G. 1919. The First English Yachts, 1660. The Mariner's Mirror 5: 4, p. 109.

22 McGowan, A.P. 1953. Royal Yachts. Greenwich: The National Maritime Museum, p. 2; t' Hooft. The First
English Yachts, p. 120.

23 C. S. Knighton, ‘Pepys, Samuel (1633-1703)’, Oxford Dictionary of National Biography, Oxford University

Press, 2004; online edn, Sept 2015 [http://www.oxforddnb.com/view/article/21906, accessed 18 Aug
2017].

24 Pepys, S. 1660-9. The Diary of Samuel Pepys. Latham, R. and Matthews, W. 1970-83 (eds). London: Bell
& Hyman, Vol.1, pp. 286-287.

This is how Pepys described it:

In the afternoon Commissioner Pett and | went on board the Yaght; which endeed is one of the
finest things that ever | saw for neatness and room in so small a vessel. Mr. Pett is to make one to
out-do this for the Honour of his country [...]. (Highlights by JPO)

Similarly, in 13 January 1661 Pepys comments that the new yacht that Commissioner Pett is building
‘will be a pretty thing, and much beyond the Dutchman's’ (Pepys. The Diary of Samuel Pepys, Vol.2, p.
12).

25 t' Hooft. The First English Yachts, p. 109.
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1717)?® shipbuilding treatise published at the end of the 17" century in the Netherlands. ?’ Clearly,
yachts of this period would be very different from the fast racing machines that the word ‘yacht’

conveys in the present.

Yachts were commonly used in the 17th century in the Netherlands as transports for the Colleges
of State and the Admiralty and for persons of rank and nobility who used them as convenient
means of transport.?® However, transport duties and business were not their only purpose and
yachts built for sport and pleasure, speeljaghten, (Figure 2) were common.* Yachts varied in size
according to their use. They often had a pavilion at their stern where the passengers could be
protected from the elements while enjoying their outing. Paviljoen yachts, as they were known,
were around 69 Amsterdam voet® (feet) in length (c.19.5m), while the speeljaghten (or racing
yachts) were shorter, being around 42 voet long (c.11.9m).3! The Mary was of the larger type
being 72 voet in length (c.20.4m), 19 voet (c.5.7m) in breadth to the inside of the planking and 8

voet (c.2.3m) deep within the hull.??

The Mary, in common with subsequent royal yachts, was richly decorated.?? Its elegance and
uniqueness were noticed in England where praises to its beauty are found in contemporary
documents. For example, Pepys commented that it was ‘one of the finest things that [he] ever

saw’.3* In his first year of reign Charles Il was already the owner of three yachts: the Mary, the

26 peters, M. 1989. Nicolaes Witsen and Gijsbert Cuper: two seventeenth-century Dutch burgomasters and

their Gordian knot. LIAS: Sources and Documents Relating to the Early History of Ideas, Vol. 16/1
(Amsterdam / Maarssen 1989), pp. 11-151 (p. 112).

27 ' Hooft. The First English Yachts, p. 118.

2 The internal body of water which occupied much of what nowadays constitutes dry land, the Zuiderzee,

has been compared to a highway which provided a route of easy communication by water.(For example:
Van Holk, A.F.L.,2017. The Zuiderzee (the Netherlands). Highway, fishing ground and power landscape.
In J. Gawronski, A. van Holk and J Schokkenbroek, Ships And Maritime Landscapes. Proceedings of the
Thirteenth International Symposium on Boat and Ship Archaeology, Amsterdam 2012, p. 73).

2% Tanner. Royal Yacht Mary, p. 8; t' Hooft. The First English Yachts, p. 108.

30 One voet, or Amsterdam foot is equivalent to 0.285m ( t' Hooft. The First English Yachts, p. 109).

31 ' Hooft. The First English Yachts, p. 109.

32 Tanner. Royal Yacht Mary, p. 7; t' Hooft. The First English Yachts, p. 110.

33 Crabtree, R. 1975. Royal Yachts of Europe. From the Seventeenth to Twentieth Century. London: David

and Charles, p. 7.

34 pepys. The Diary of Samuel Pepys. Vol.1, pp. 286-287.
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Bezan and the Royal Escape. The first two were of Dutch construction.3> The Royal Escape, on the
other hand, was a converted fishing boat built in England, formerly known as Surprise, which the
King had used to escape to the Channel Islands in 1651 on his way to exile. He purchased it and

renamed it after his return to the throne in 1660.3°

One year after receiving the Mary from the Dutch, Pepys in 1661 recorded that the King ordered
two new yachts to be built to beat the Mary.?” They were the Katherine built for the King, and the
Anne built for his brother James, the Duke of York (1633-1701). Their decorations were of the
same standards as the original Mary as was noted by William Schellinks (1627-1678) in 1661.38
Some 20" century authors like Madge considered that the Katherine was a near copy of the Mary
with the exception of its deeper draught, which was seven feet (c.2.1m).?° Others, like 'tHooft and
Endsor, on the other hand, considered that these ships were not copies or modifications of the
original Mary type. According to them the new designs, with English hull shapes, would have been

better adapted to local conditions.*°

It is believed that Charles Il had sufficient technical knowledge to take part in the process of yacht
design and decision-making.*! Interestingly, William Sutherland (1668-1740),** writer of several
shipbuilding treatises analysed in chapters 4 and 5, wrote that Charles Il ‘had much appreciation
about the art of the shipwright, and could discourse at length with the principal ship builders of
the time’,*® therefore, corroborating this idea. Numerous contemporary references show that

during the construction of the yachts, the King often visited the yards and took personal interest

35 t' Hooft. The First English Yachts, p. 119.

36 McGowan. Royal Yachts, p. 2.

37 Pepys. The Diary of Samuel Pepys. Vol.1, pp. 286-287; Pepys. The Diary of Samuel Pepys. Vol.2, p. 12.

38 Schellinks compares the finishes of the Mary of Dutch origin and the Katherine, made in England

(Schellinks, W. 1627-1678. (1993). The journal of William Schellinks' travels in England, 1661-1663.
London: Royal Historical Society, p. 62).

39 Madge, T. 1997. Royal Yachts of the World. East Molesey (Surrey): Thomas Reed Publications, p. 31.
40 McGowan. Royal Yachts, p. 2; t' Hooft. The First English Yachts, p. 120.

41 Endsor, R. 2009. The Restoration Warship. The Design, Construction and Career of a Third Rate of Charles
Il's Navy. London: Conway Maritime Press, p. 10; Naish, G.P.B. n.d. Royal Yachts. Greenwich: National
Maritime Museum, p. 3.

42 For an account on Sunderland’s life see: Mallagh, C. 2014. Some Aspects of the Life and Career of
William Sutherland. The Mariner’s Mirror, 100(1), pp. 17-28.

43 Sutherland's M.S. c. 1720: f.45. SPB/50/1 and SPB/50/2, Archive Collection of the Caird Library, National
Maritime Museum, Greenwich.
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in construction details.** This interest in ship-design fits well with the personality of Charles Il who
was interested in scientific development and in 1662 issued a charter for the approval of the
Royal Society of London for Improving Natural Knowledge which, to this day, survives as one of

the leading promoters of scientific research.*

Contemporaries of the King and his brother, the Duke of York, were aware of their love for sailing
and navigation.*® John Sheffield, Earl of Mulgrave, warship commander in the Third Dutch War,
described Charles Il as talented in matters related to the sea and shipping. A talent that was based
on his first-hand knowledge and inclination towards such matters.*’ As noted on the Calendar of
State Papers dated 21 July 1671, Charles Il was not a fair weather sailor. On the contrary, he
enjoyed sailing in adverse conditions. That day, the Cleveland yacht, with the King on board, is
described as facing strong contrary winds on its return trip from Torbay. Such conditions would
result in a long trip. This, which for others could be seen as a disadvantage, was actually seen as a
pleasurable outcome by the King: ‘The wind blowing contrary will make his passage long, though

not tedious, out of the great pleasure his Majesty takes to be at sea’.*®

As a result of Charles Il's love for sailing he is often regarded as the father of yachting for sport
and recreation.*® However, although it is evident that Charles Il must have played a role in the
popularisation of sailing for sport and recreation, it is also true that yachts such as Queen
Elizabeth I's Rat of Wight built in 1588 and a yacht that Prince Henry had built in 1601°° were

known before the Mary was brought to England.

4 For example, in May 19 1663, Charles |l visited the shipyard at Woowich, where a new yacht was being

built, expressing his interest in the keel for the new yacht (CSPD Charles I, 1663, p. 145). Another
example of the Kings interest can be seen on a series of entries in the Calendar of State Papers from
June 27 to July 16 1671. They refer to the launch of a new yacht built for Charles Il, the Cleveland, and
the subsequent sea trials conducted with the King on board. A number of other yachts were ordered to
attend the sea trials so that the performance of the Cleveland could be compared with them (CSPD
Charles I, 1671, pp. 312-385).

4 https://royalsociety.org (Last accessed 10 January 2018)

4 e.g. Grenville 1693, in Naish, G. 1956. Hydrographic Surveys by Officers of the Navy under the later

Stuarts. Journal of Navigation, 9(01), p. 47.

47 Endsor. The Restoration Warship, p. 10.

4 CSPD Charles Il, 1671, p. 391.

49 Crabtree. Royal Yachts of Europe, pp. 7, 18; Lavery, B. 1981. Deane's Doctrine of Naval architecture,

1670. Edited and introduced by Brian Lavery. London: Conway Marine Press, p. 16; Naish. Royal Yachts,
p. 2.

50 McGowan. Royal Yachts, p. 2; Tanner. Royal Yacht Mary, p. 9.
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Even if Charles Il had over 20 yachts built (table 3) it is considered that the Jamie (25 tons) and the
Bezan (35 tons), his smallest yachts, were used most often for racing.” The nature of these races
is unclear, as most mentions about racing in the literature refer to a single race that took place
between the King and the Duke of York, each on their own yachts, on the 1% October 1661. This
race was for a wager of £100, and the course was from Greenwich to Gravesend, at the Thames
estuary, and back. Diverse authors use an original entry in John Evelyn’s diaries to illustrate the
King's racing activities.>® There is also mention of a second race, with the same setting and course,
between the Bezan and the Jamie, won by the Bezan.>® During these outings the King was often
followed by his barge and Kitchen yacht where the royal cooks prepared the meals for the King's
party.>* After the death of Charles Il, his successors lost interest in owning yachts, and if Charles Il
had kept an average of 15 yachts in commission, by the early 18" century there remained only

nine royal yachts in service.>

By the mid-1670s English shipwrights had learnt to design and build yachts of such quality®® that
Charles Il offered two yachts built by Anthony Deane (1638-1721) >’ as a present to the French
king. They were destined for the pond built at the Palace of Versailles, where there was a fleet of

60 ships and boats of diverse types.>®

Although the idea of yachts as pleasure craft is strong, hence leading to ideas about a specialised

ship type, designed for racing and pleasure sailing, numerous accounts indicate that Royal yachts

Crabtree. Royal Yachts of Europe, p. 18.

52 Naish. Royal Yachts, p. 2; Tanner. Royal Yacht Mary, p. 11; t' Hooft. The First English Yachts, p. 119.
53 t' Hooft. The First English Yachts, p. 120.

54 Naish. Royal Yachts, p. 11; t' Hooft. The First English Yachts, p. 119.

55 Naish. Royal Yachts, pp. 3-4.

56 For example, internally fitted with gilded leather decorations, luxurious lanterns and marble fireplaces
(CSPD Charles ll, 1663, pp. 160, 261, 271). Another example of the quality of construction can be seen in
the choice of ballast material. Instead of using stones for internal ballast as was customary on naval
vessels, the internal ballast of the royal yachts was made up of iron shot and musket shot. This took up
less room inside the ship, thus, provided more comfortable interior accommodations. However, the use
of such large amounts of ammunition as ballast led to a complaint by the Ordnance Officers who feared
that their stocks of ammunition were being reduced to an alarming low level as they were being used to
ballast the King’s yachts (CSPD Charles Il, 1663, pp. 275, 277, 285).

57 Walker, F.M. 2010. Ships and Shipbuilders: Pioneers of Design and Construction. Barnsley (UK): Seaforth
Publishing, p. 20.

58 Ferreiro, L.D. 2007. Ships and Science. The Birth of Naval Architecture in the Scientific Revolution, 1600-
1800. Cambridge (Ma): The MIT Press, p. 68; Lavery. Deane's Doctrine of Naval Architecture, p. 16.
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were not used exclusively for pleasure. On the contrary, these vessels were armed and on the
duty list of the Royal Navy (figure 3) and, within the navy, they performed a multitude of roles
suited to their characteristics.>® With time yachts evolved into the ship type known as the ‘sloop

of war’.®°

The original Mary was used as the private yacht of the King only for one year. In September 1661
it left the Thames and was sent to Dublin where it performed ferry duties, engaged in the
transport of persons of rank and in the transport of bullion. Its services included trips across the
Irish Channel, where, according to modern authors, the shape of its hull was suitable for the short
seas commonly found there.®! It is said that the design of the Mary was so well suited to the local
sea conditions that the navy had difficulties in finding a suitable replacement after it sunk in

1675.%?

Other Royal yachts were also used in official missions. For example, they were used for the
transport of dignitaries on cross channel trips.®® However, longer trips were also common. On the
11 April 1670 the royal yacht Katherine transported the new Consul to Hamburg from England. In
Hamburg, the Earl of Essex came on board to be transported to the Court of Denmark.® In fact,
the use of royal yachts for the transport of dignitaries was so common that, as a result, the

number of passengers available for other cross-channel ferry services was reduced.® As well as

> Tanner. Royal Yacht Mary, p. 13.

0 McLaughlan, I. 2014. The Sloop of War. Barnsley (UK): Seaforth Publishing, p. 70.

61 Mc Bride, P.W.J. 1973. The Mary, Charles II's yacht. International Journal of Nautical Archaeology, 2, p.

63.

2" Tanner. Royal Yacht Mary, p. 14.

63 Numerous entries in the Calendar of State Papers refer to such use. A few examples:

Crossing to England with ‘Spanish ambassador and lady’ (CSPD Charles Il, 1667, p. 533.);

Crossing to France with Lord Douglas on board (CSPD Charles 11, 1667-8, p. 362);

Crossing to England with: ‘Royal Highness's daughter, the Lady Anne, and her retinue’(CSPD Charles
Il, 1667-8, p. 476);

Crossing to England with: ‘Lord Ailesbury, and his lady and son’ (CSPD Charles Il, 1670 With Addenda
1660-70, p. 148).

64 CSPD Charles I, 1670 With Addenda 1660-70, pp. 158, 185.
8 This is how it is noted in the Calendar of State Papers:

‘The number of passengers between Calais and Dover is much lessened by weather and by the King's
pleasure yachts, which are constantly conveying lords to and fro, and carry all by reason of their
gallant accommodation.’(CSPD Charles |1, 1663-4, p. 52)
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passengers, yachts were also used as secure means of transporting large sums of money. For
instance, the five million livres paid by the king of France for the purchase of Dunkirk in 1662.5¢

The money was distributed in four yachts and a frigate.®’

Although transport and ferry duties were common for royal yachts there are other instances
when they were used for different purposes. For example, in 1662 Robert Hooke (1635-1703)
carried out scientific experiments on board the Mary to test the accuracy of the new clock made
by Huygens aimed at solving the problem of longitude.®® Another duty that royal yachts
performed were coastal hydrographic surveys aimed at improving the quality of maritime charts.
To improve these, the royal yachts Merlin and Monmouth were ordered to perform a survey of
the coasts around the British Isles in 1681 that lasted until 1688. The results, published in 1693,
remained in use for the next 100 years.®® However, surveys were not always part of organised
surveying expeditions. Often, trips with different purposes were used by the captains of the

yachts to chart areas of interest, even with important dignitaries on board.”®

As part of the Royal Navy, yachts were not kept away from danger as illustrated by the capture of

the Katherine by the Dutch in 1673 while carrying a doctor to the English fleet, at war with the

5 Grose, C.L. 1933. The Dunkirk Money, 1662. The Journal of Modern History, 5.1, p. 10; Tanner. Royal
Yacht Mary, p. 13.

57 This is how Pepys noted it in his diary on Friday 21 November 1662:

‘This day come the King’s pleasure-boats from Calis, with the Dunkirke money, being 400000
pistolls’ (Pepys. The Diary of Samuel Pepys. Vol. 3, p. 262).

Interestingly, although at this instance these yachts were not performing as pleasure boats, they were
still seen as the King’s pleasure craft.

58 T Taylor, E.G, 1937. The geographical ideas of Robert Hooke. The Geographical Journal, 89.6, p. 526.

8 McGowan. Royal Yachts, p. 2; Naish. Hydrographic Surveys, p. 48; Naish. Royal Yachts, p. 3.

70 Thus, the Anne, used by the Duke of York, surveyed a shoal in Dover in 1670. Likewise, in 1680 the
second Mary was used to survey the Channel Islands while on a mission to carry dignitaries to the
Islands. The presence of a royal passenger was not an impediment for a survey to be carried out, as was
the case of the survey of the Harwich area carried out by the captain of the second Mary while carrying
the King (Naish. Hydrographic Surveys, pp. 48, 49, 52).
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Dutch; or the sinking of the Henrietta by the Dutch in the battle of Texel.”* Under such

circumstances yachts could be used to transport important passengers’? or common troops.”?

It has been shown that the Mary and other royal yachts played roles that were far from
specialised. Often, they served for the leisure of the King and persons of rank.”* This could suggest
the idea of a specialised ship type built to be fast and comfortable to their users, manned by
skilled crews. Obviously, high quality luxurious finishes would be expected from such a ship. On
other occasions they were used for the transportation of prestigious dignitaries, thus representing
the King and England. Again, this would require that the ships were built, kept and sailed to a high
standard as befitting a symbol of Royal power. However, it has been shown that on other
occasions royal yachts performed utilitarian, but no less important, tasks such as surveying. Also,
in times of war, they successfully took part in the conflict in roles suitable for their relative small
size and manoeuvrability. Thus, these uses would suggest that yachts were not necessarily fast,
elegant, vessels built for racing and fun with little use for other pursuits. On the contrary, they
suggests that yachts were strong, reliable and seaworthy ships, which could be used, successfully,

in a variety of roles.

As a result of this variety of roles, and especially, of the different origin of the original Mary
(Dutch) and the rest of the yachts (English), an interesting question arises about the design
procedures followed by the shipwrights who built these yachts. According to some modern
authors, yachts built by the English would have been better suited to local English conditions than
yachts built by the Dutch would.”® However, this statement can be questioned. What do these
modern authors consider English conditions? Or indeed, is there such a thing as typical English
waters? It has been shown that the Mary and other royal yachts were included in the navy's list

and, as a result, they played a variety of roles that required sailing into every possible sea and

71 Boxer, C.R. 1969. Some Second Thoughts on the Third Anglo-Dutch War, 1672-1674. Transactions of the
Royal Historical Society (Fifth Series), 19, p. 89; McGowan. Royal Yachts, p. 2; t' Hooft. The First English
Yachts, p. 116.

2. Tanner. Royal Yacht Mary, p. 15.

73 Described by Pepys on 2nd June 1666 (Pepys. The Diary of Samuel Pepys. Vol.7, pp. 140-141). Also, the
Calendar of State Papers Domestic: Charles Il provides numerous entries where royal yachts are shown
to be carrying common troops. For example: CSPD Charles I, 1667, p. 4; CSPD Charles Il, 1670 With
Addenda 1660-70, p. 77; CSPD Charles Il, 1677-8, p. 628.

7% There are numerous entries in Pepy's diaries that mention dignitaries and high officials using the royal
yachts for their personal use. For example: November 27t 1663; August 17" 1665 (Pepys. The Diary of
Samuel Pepys. Vol. 4, p. 399 and Vol. 6, p. 193).

7> McGowan. Royal Yachts, p. 2; t' Hooft. The First English Yachts, p. 120.
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weather conditions in which an English naval ship of that size was expected to sail.”® Thus, the real
interest for the researcher would be to ask if the technical knowledge of Dutch and English
shipwrights of the period allowed them to design ships for specific areas and sea conditions or, on

the contrary, such a precise design approach was not possible.

Additionally, another question can be asked about the manner in which these ships were
designed. The idea of a yacht built to provide enjoyment for the King in the racecourse, thus built
with specific performance parameters in mind, may seem tantalizing. However, the numerous
roles played by these ships, apparently successfully, seems to suggest otherwise. Indeed, it would
appear that these yachts were not the result of some design procedure aimed at optimising their
shape and configuration to a specific set of requirements (racing and pleasure). On the contrary, it
would appear that they were generic naval ship types, designed following generic design
methods, adapted for the occasional royal use by way of lavish decorations and quality of

construction and finishes.

These thoughts helped shape this research which extended beyond the initial scope to focus on
the design procedures of the period and what they can tell us about the technical knowledge of
the period and the craftsmen who used this knowledge to design and build ships. It is obvious that
not everyone would have been trusted with the design and construction of a royal yacht.
However, the basis of this trust may have depended more on the ability of the shipwright to
produce beautiful and stylish ships built with care and top quality finishes, other than based on
specific technical knowledge that enabled the shipwright to produce ships of superior
performance. As chapters 4 to 7 will show, the state of the design-knowledge of the period
severely limited the ability of shipwrights’ to produce ships with specific performance

characteristics.

76 The Calendar of State Papers provide numerous entries which show that these yachts were used on any
weather and sea conditions and that they were not reserved for fair weather. For example:

In storm conditions (CSPD Charles Il, 1667-8, p. 482);  Long distance crossing to Stockholm (CSPD
Charles I, 1668-9, p. 445); At sea in bad weather conditions (CSPD Charles 11,1670 With Addenda
1660-70, p. 37); Beating to windward for three days with a round-trip from Portsmouth to Guernsey,
to Plymouth and back to Portsmouth planned ahead (CSPD Charles, 1670 With Addenda 1660-70, p.
439); Yachts seen past Weymouth sailing with a gale from behind thus expected to arrive in
Plymouth early (CSPD Charles Il, 1671, p. 385).

Also, in Gloria Britannica, yachts are listed alongside other naval ships, with no distinction to suggest
their use as leisure boats (A. B. 1689. Gloria Britannica, or the Boast of the British Sea, p. 7-8).
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2.2 Literature review

This section will offer a literature review of the previous work that has studied the manner in
which shipwrights of different periods and traditions have tackled the complex process of building
a ship. It will place an especial emphasis on the conceptualisation of hull-shape which is
fundamental in ship-design. This will provide the necessary background information for the
analysis and critique in subsequent chapters which will try to establish the nature of ship design-
knowledge of early modern shipwrights and the manner in which such knowledge is described in

the current literature.

2.2.1 The conceptual approach to ship design in the literature

Generally, the construction of a complex structure like a ship requires a coordinated effort of a

group of people. This idea was well put forward by Patrice Pomey:

The construction of a ship [...] represents for the society that undertakes the endeavour
a considerable effort in terms of savoir faire, technical means, supply, and development
of materials. And in terms of social and political organization, it implies the conjunction,

coordination, and application of the necessary means (emphasis in original).”’

Building a ship is, then, an endeavour that extends beyond the shipyard and the mere practical
aspects of ship construction and should be studied as such. The way in which a ship is built has
been used to infer ideas about the social interactions that are followed during its construction.
These interactions are not limited to the actual construction itself. Valuable information about the
social mechanisms leading to its construction and the manner in which knowledge is shared
among builders have been inferred from the analysis of different shipbuilding traditions.
Therefore, in order to clarify some basic concepts, the following pages will highlight the main
concepts around ship design and construction which help modern scholars interpret the social

arrangement of past societies. These ideas will be discussed in chapters 6 to 8 of this thesis.

Different cultural groups may display different approaches to designing and building ships which
are often described in techno-practical terms. Thus, environmental conditions, technological

developments, availability of materials, and other constraints are often considered to be behind

7 Pomey, P. 2011. Defining a Ship: Architecture, Function, and Human Space- In A. Catsambis, B. Ford, and
D.L. Hamilton (eds), The Oxford Handbook of Maritime Archaeology, p. 27.
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the different practical approaches to ship design and construction.’”® However, besides these
techno-practical reasons, differences in the approach followed to obtain hull-shapes are often
taken as indicative of differences in mentality of the cultures responsible for the particular ship
design/construction method being studied. They are considered to be the particularities that

define a ‘building tradition’.”®

In wooden-planked shipbuilding Olof Hasslof defined two main ‘building traditions’: ‘shell-first’
and ‘frame-first’.® Both traditions follow a reverse hull assembly sequence and are said to be the
product of two opposing ideas about how a ship should be built.8* The following paragraphs will
define these two building traditions, and how the idea of these two paradigmatic opposite
building traditions has evolved from when they were first proposed by Hasslof in 1957 to our
current times. This will be relevant later in order to analyse, criticise and review the currently
accepted theories describing the opposite manner in which 17™"-century Dutch and English
shipwrights approached the conception of hull shape, and by extension of the knowledge used by
shipwrights throughout history to store and communicate fundamental design-knowledge on how

to shape a ship’s hull (chapters 4, 7 and 8).

2.2.2 Shell-first and frame-first ship construction. Two opposing world views

In 1946 James Hornell published his study of the different means of water transport used by
different human societies, where he attempted to describe the origin and evolution of ships,
boats, and other means of floating transport from their origin to the mid-20®" century. 82 In order
to do so he recorded and classified traditional watercraft still being used around the globe by non-
industrialised societies. In general terms, Hornell described the ‘anatomy’ of a wooden boat or

ship as an inner structure of transversal frames covered by a skin of planks running longitudinally,

78 McGrail, S. 1998. Ancient Boats of North-West Europe. The Archaeology of Water Transport to AD 1500.
London: Longman, p. 5.

7% Crumlin-Pedersen, O. 2004. Nordic Clinker Construction. In F.M. Hocker and C.H. Ward (eds.). The
Philosophy of Shipbuilding. Conceptual approaches to the study of wooden ships. College Station: Texas
A and M University Press, pp. 37-64 (p. 49).

80 Hassléf, 0. 1957-8. Carvel Construction Technique, Nature and Origin. Folkliv, 21-22: 49-60; McGrail, S.
2001-a. Boats of the World. From the Stone Age to Medieval Times. Oxford: Oxford University Press, p. 8.

81 For the most up to date study on this subject see: Hocker, F. M., and Ward, C. H. 2004. The Philosophy of
Shipbuilding. Conceptual approaches to the study of wooden ships. College Station: Texas A and M
University Press.

82 Hornell, J. 1946. Water Transport. Origins and Early Evolution. Newton Abbot: David and Charles.
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at roughly 90° to the frames. However, among his observations, he noticed that there were two
opposite ways in which a wooden boat or ship could be constructed. These two opposite methods
depended on the order in which the skin of wooden planks and the frames were erected with
respect to each other. Generally, the construction of a ship would start with the erection of the
backbone, composed of a keel, a stem and a sternpost. However, some builders would continue
by erecting the outer skin of planks first while others would continue by erecting the internal

framework prior to the external planking (figure 4).

The oldest method seemed to be one in which the construction process started by building the
planked skin of the hull first. In order to do so adjacent planks would be attached to each other,
using different types of mechanical fixings, thus creating the ‘skin’ of a watertight vessel (figure 5).
Normally, the skin would then be reinforced internally by the addition of transversal frames. The
opposite, apparently more modern, method consisted in erecting a framework first, which was
later covered by the skin made up of planks (figure 6). In this second case, the planks would be
attached to the framing only. These two methods would represent opposite paradigms with
respect to the approach followed to build a hull, and Hornell could not imagine a possible

evolution from one into the other.?3

In 1957 Olof Hasslof proposed a theoretical framework to classify these two conceptually
different traditions initially described by Hornell. Hasslof's theoretical framework can still be
considered to be one of the basic paradigms that guide and constrain the study of different
shipbuilding traditions.®* Based on ethnographic research, Hass|éf extended Hornell's work and

studied the processes followed by shipwrights to build their hulls. In particular he focused on the

8 Hornell. Water Transport. Origins and Early Evolution, pp. 193-4.

Others authors also expressed their difficulties in understanding a possible origin of frame-first
construction as a transition from shell-first construction. For example: Martino considered that such a
transition was surrounded by mystery (Martino, S. 2011. Sulle origini della carpenteria moderna. In W.
V. Harris and K. lara (eds) Maritime Technology in the Ancient Economy: Ship-Design and Navigation.
Journal of Roman Archaeology. JRA Supplementary Series Number 84, p. 113-131. Portsmouth, Rhode
Island, p. 113). Sarsfield found this transition to be an intriguing step (Sarsfield, J. P. 1991, Master Frame
and Ribbands: a Brazilian case study with overview of this widespread traditional carvel design and
building system, in R. Reindeers and K. Paul (eds), Carvel Construction Technique. Skeleton-first Shell-
first. Fifth International Symposium on Boat and Ship Archaeology, Amsterdam 1988. Oxbow Monograph
12, Oxford, p. 137). Hasslof found it conceivable that such transition could take part. However, his
observations referred to the Nordic case, where frame-first building approach was ‘borrowed’ from an
outside culture arriving, ultimately, from southern Europe. Thus, his observations did not explain a
transition from a shell-first tradition into a frame-first tradition without outside influence. (Hassl6f, O.
1963. Wrecks, Archives and Living Tradition. Topical Problems in Marine-Historical Research. The
Mariner's Mirror 49(3), p. 172).

84 Hasslof. Carvel Construction Technique, Nature and Origin.
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process followed to shape the hull. In this influential publication, Hasslof defined the main ideas
that have influenced the conceptual framework of scholars since. According to Hasslof, ships are
essentially a ‘watertight shell’ or a ‘waterproofed frame’. Thus, ships whose construction process
starts with the skin could be seen as a ‘watertight shell’ and would be known as shell-first hulls.
On the other hand, ships where frames are erected first and the outside planking is installed after
could be considered a ‘waterproofed frame’ and would be called frame-first.8 Although this view
has been criticised as being too restrictive by some scholars,® it remains very influential in current
interpretations of the variety of hull shapes that can be found in the archaeological, historical and

ethnographic record.?’

One of the outcomes of Hassl6f's classification —which remains relevant today— refers to the idea
that both shell-first and frame-first builders followed opposite ways of conceiving hull-shape.
Shell-first builders started the construction process by laying the outside planking of the hull first
which led to the conclusion that they could shape the three-dimensional shape of the hull based
on the shape of the planks.® This led to the widely circulated theory that states that shell-first

builders visualised hull-shape longitudinally, as an ensemble of longitudinal planks that defined

8 McGrail. Boats of the World, p. 8.

86 This division in such clear lines has been criticised for not being able to consider ships and boats that are
built using other methods which appear to use certain aspects of each approach. For example, see:
Arnold B. 1991. The Gallo-Roman Boat of Bevaix and the Bottom-based Construction. In: R. Reinders,
and K. Paul, (eds), Carvel Construction Technique. Skeleton-first, Shell-first. Fifth International
Symposium on Boat and Ship Archaeology, Amsterdam 1988. Oxford: Oxbow monograph, p. 22; Basch,
L. 1972. Ancient wrecks and the archaeology of ships. International Journal of nautical archaeology, 1(1),
p. 17; Hocker, F. M. 1991. The Development of a Bottom-Based Shipbuilding Tradition in Northwestern
Europe and the New World. PhD Dissertation Texas A & M University, p. 12.

87 For example, in the following works of reference: Crumlin-Pedersen, O. 1997, Viking Age Ships and
Shipbuilding in Hedeby/Haithabu and Schleswig. Ships and Boats of the North Vol. 2. Schleswig and
Roskilde; Crumlin-Pedersen, O. and Olsen, O. 2002, The Skuldelev Ships I. Ships and Boats of the North
Vol. 4.1. Roskilde; Rieth, E (dir). 1998. Concevoir et construire les navires. De la triere au picoteux.
Technologies, Idéologies, Pretiques. Revue d’anthropologie des connaissances. Vol XllI-1; Steffy, R. 1994.
Wooden Ship Building and the Interpretation of Shipwrecks. College Station: Texas A & M University
Press; Pomey, P., Kahanov, Y. and Rieth, E. 2012. Transition from Shell to Skeleton in Ancient
Mediterranean Ship-construction: analysis, problems and future research. International Journal of
Nautical Archaeology 41.2: 235-314.

8 Harpster, M. 2009, Designing the 9th-Century-AD Vessel from Bozburun, Turkey. International Journal of

Nautical Archaeology 38.2, p. 300; Steffy, J.R. 1995. Ancient Scantlings: The Projection and Control of
Mediterranean hull-shapes. In H. Tzalas (Ed.). Tropis lll. 3rd International Symposium on Ship
Construction in Antiquity. Athens 1989. Athens: Hellenic Institute for the Preservation of Nautical
Tradition, p. 422; Pomey et al. Transition from Shell to Skeleton, p. 2; Wilson, A. 2011. The economic
influence of development in maritime technology in antiquity. In W.V. Harris and K. lara (eds). Maritime
Technology in the Ancient Economy: ship-design and navigation. Journal of Roman Archaeology
Supplementary Series Number Eighty-Four, p. 218.
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three-dimensional hull-shape.®? A consequence of this view is that in shell construction there was
no process of pre-design of the transversal shapes of the hull, and, most crucially, that hull-shape
was created and conceived as the ship was being assembled in a simultaneous process of design
and construction.’® Frame-first builders, on the other hand, needed to erect the frames first, and
therefore had to make them following some means of pre-design. Consequently frame-first
builders are considered to have a method of pre-designing their hulls before the process of
construction begins.®* A further refinement of this view would state that frame-first builders
visualised hull-shape as a series of transverse sections and the three-dimensional shape of the

hull would not materialise until the planking had been fixed onto the pre-erected frames.*?

These early ideas have been re-visited by certain scholars whose aim has been to go beyond the
material construction of the ship and have attempted to explore the cognitive aspects of ship
construction; how a shipwright manages to convert the idea of building a ship into the finished

object.?® Most notably Frederick Hocker broke down this process in three distinct phases that he

89 Although not every scholar considers longitudinal and transversal approaches, they are very relevant on
some influential authors, especially on studies of the transition from shell-first to frame-first
construction during the first millennium in the Mediterranean. For example: Steffy. Wooden Ship
Building and the Interpretation of Shipwrecks, p. 85; Pomey, P. 2004. Principles and Methods of
Construction in Ancient Naval Architecture. In F.M., Hocker and C.H. Ward (eds). The Philosophy of
Shipbuilding. Conceptual approaches to the study of wooden ships. College Station: Texas A and M
University Press, p. 27; Pomey, P. 2009. On the Use of Design in Ancient Mediterranean Ship
Construction. In H. Nowacki and W. Lefévre (eds), Creating Shapes in Civil and Naval Architecture. A
Cross-Disciplinary Comparison. Boston: Brill, p. 49; Pomey et al. Transition from Shell to Skeleton in
Ancient Mediterranean Ship-construction, p. 236; Rieth, E. 2016. Navires et Construction Navale au
Moyen Age: archéologie nautique de la Baltique a la Méditerranée. Paris, pp. 45, 99.

% Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age. College Station (Texas): Texas A and

M University Press, p. 15; Pomey. Principles and Methods of Construction in Ancient Naval Architecture,
p. 27.

91 Hassl6f. Carvel Construction Technique, Nature and Origin, p. 58; Hocker, F. M. 2004-a. Shipbuilding:

philosophy, practice, and research. In F.M. Hocker and C.H. Ward (eds). The Philosophy of Shipbuilding.
Conceptual approaches to the study of wooden ships. College Station: Texas A and M University Press, p.
6; Pomey. Principles and Methods of Construction in Ancient Naval Architecture, p. 27; Pomey et al.
Transition from Shell to Skeleton in Ancient Mediterranean Ship-construction, p. 236; Van
Duivenvoorde, W. 2015. Dutch East India Company Shipbuilding. The archaeological study of Batavia
and other seventeenth-century VOC ships. College Station. USA, p. 22.

92 Hass|df. Main Principles in the Technology of Ship-Building. In O. Hassléf, H. Henningsen and A. E.

Christensen (eds.) Ships and Shipyards — Sailors and Fishermen. Copenhagen, pp. 27-59 (p. 58); Pomey.
Principles and Methods of Construction in Ancient Naval Architecture, p. 27.

9 For example: Basch. Ancient wrecks and the archaeology of ships; Steffy. Wooden Ship Building and the

Interpretation of Shipwrecks, p. 85.
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called: conception, assembly and structural philosophy.** Conception would represent the mental
process by which the ship is imagined in the mind of the shipwright. At a later stage it must be
converted into the real ship. This would be done by following a process of assembly of the
different structural members of the hull. Finally, the way in which these structural elements are
arranged in order to take the loads on the hull would be a consequence of the structural
philosophy of the shipwright. These three phases are a convenient manner of studying the
process of building a ship although, in reality, all of them would probably be considered

simultaneously by the shipwright.

When one tries to understand the mindset of past shipwrights from studying a ship or its
archaeological remains, it is often possible to analyse the way the structural members are
arranged. From this, the structural philosophy of the shipwrights may be inferred. Similarly, the
assembly sequence can generally be established by careful examination of the physical fabric of
the ship. This can be achieved by studying the manner in which the hull planking is fixed to the
ship’s internal structure, or by establishing the presence of construction features hidden behind
structural members which indicate the order in which these different parts must have been
assembled. However, trying to establish the mental process followed to conceive the shape of the
hull is not always possible as it is an abstract process that leaves no physical evidence and it is not
possible to interrogate the original shipwright. For this reason, this most crucial aspect of the
construction of a ship, how the shipwright shaped the hull, is generally interpreted based on the
assembly sequence.’® Accordingly, when a ship is found to have been built (or assembled) on the
shell-first principle it is normally assumed that it was built with no process of pre-design. It is
assumed that it was built based on the eye and sculptural capacity of the shipwright. The
existence of rules-of-thumb and design aids are commonly accepted in shell-first traditions but,

t,97

normally, only as a means to assist the eye of the shipwright,”” without exploring the significance

of such design aids which contradict the idea that identifies shell-first construction with no pre-

% Hocker. Shipbuilding: philosophy, practice, and research, p. 6.

9 This should help establish if the shipwright relied on the shell or on the internal transversal structure as
their main load bearing elements (Hocker. Shipbuilding: philosophy, practice, and research, p. 6).

% McGrail. S. 2015. Hornell, Hassl6f and Boatbuilding Sequences. International Journal of Nautical

Archaeology, 44:2, pp. 382—387 (p. 385); Pomey. Principles and Methods of Construction in Ancient
Naval Architecture, p. 27.

97 Crumlin-Pedersen. Nordic Clinker Construction, pp. 40-41; Hassléf. Carvel Construction Technique, p.
50; Pomey. Principles and Methods of Construction in Ancient Naval Architecture, p. 27; Westerdahl,
C. 2008. Boats Apart. Building and Equipping an Iron-Age and Early-Medieval Ship in Northern Europe.
International Journal of Nautical Archaeology, 37(1), p. 18.
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design (chapter 7). On the other hand, when a ship is interpreted as having been built in a frame-
first principle, it must be concluded that it was built following a previous process of pre-design, as
the frames must be made beforehand, therefore, suggesting that these must have been made
following some method to determine their shape.®® This forms the core of currently accepted
knowledge and can be clearly illustrated by the following recent quote by Sean McGrail in which

the procedures followed by shipwrights to conceive the shape of their hulls are summarised:

Furthermore, [the choice of a shell-first or frame-first approach] indicates how the

builder obtained the hull shape he wanted:

[Shell-first]: by-eye, based on personal experience and inherited wisdom, and possibly

using some ‘rules-of-thumb’ (highlights JPO).

‘Frame-first’: hull shape was encapsulated in a framework ‘designed’ by ‘rule-of-thumb’
or by building a small-scale model. Where frame-first techniques were used to extend an

existing [shell-first] lower hull, such design work would be minimal.®

This idea of two opposing design paradigms, one building to a pre-determined design and another
building mostly ‘by-eye’ distorts our current interpretation of traditional shipbuilding, in general,
and of 17" century Dutch shipbuilding, in particular, which was based on a particular form of
shell-building that Hocker defined as bottom-based.’®® And, most crucially, this idea of two
opposing design paradigms complicates the interpretation of the processes of transition from
shell-first to frame-first construction that happened, independently, in the ancient Mediterranean

and post-medieval Northern Europe.'!

223 Technological context of the royal yacht Mary: 17t"-century ship design

In order to understand the technological context of the early modern period, this section will give

an overview of ship design practices as followed in English and Dutch shipyards of the period. It

98 Hasslf. Carvel Construction Technique, Nature and Origin; Hocker. Shipbuilding: philosophy, practice,
and research, p. 6; Pomey. Principles and Methods of Construction in Ancient Naval Architecture, p. 27;
Pomey et al. Transition from Shell to Skeleton in Ancient Mediterranean Ship-construction, p. 236; Van
Duivenvoorde. Dutch East India Company Shipbuilding, p. 22.

% McGrail. Hornell, Hassl6f and Boatbuilding Sequences, p. 385.

100 Hocker. The Development of a Bottom-Based Shipbuilding Tradition in Northwestern Europe and the
New World; Hocker, F. M. 2004-b. Bottom-based Shipbuilding in North Western Europe. In F. M. Hocker
and C. H. Ward (eds) The Philosophy of Shipbuilding. Conceptual approaches to the study of wooden
ships. College Station: Texas A and M University Press.

101 Hocker. Shipbuilding: philosophy, practice, and research, p. 6.
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should be pointed out, however, that the ideas reflected in this section are what could be
described as ‘currently accepted knowledge’ in historic ship studies. Chapters 6 and 7 will argue
that some of the ideas currently accepted as correct are not, in fact, a true reflection of
shipbuilding practices followed in the period under study. Moreover it will be suggested that an
alternative interpretation of the evidence is possible that will help describe the ship-design
knowledge of early modern shipwrights of the frame-first (English) tradition and the bottom-
based Dutch tradition in a more nuanced manner. The section will start by defining what design
and ship design knowledge are, followed by a description of the current understanding of the
procedures followed by English and Dutch shipwrights to design, or conceive, the shape of their

hulls.

2.23.1 What is understood by design in this research?

Christopher Alexander defined the process of design as a ‘process of inventing physical things
which display new physical order, organisation, form, in response to function’.’°> He added that
designers can create a form as they wish, keeping in mind that the context puts some demands on
the form of the object being designed. The aim of the designer would be to ‘satisfy the mutual
demands which the two [form and context] make on one another’.}%® By context, it would be easy
to understand the physical context of wind and water in which the ship must perform. However,
such a simplistic analysis would overlook the most important aspect that determines the context

defining the shape of a ship: the social context.

The study of ships (or any other human production for that matter) cannot be studied in isolation
from the social surroundings that have led to its conception. The ship is a product of a society
working within a ‘craft tradition’ within a ‘knowledge-space’*®*. The craft tradition defines the
concepts and methodologies needed to produce an object. These are not particular of individual
craftsmen. They are shared by the different craftsmen that belong to that particular craft tradition
and it is shared in a coded ideological framework.'® In such a coded ideological framework, the

manner in which the shape is conceived, by applying design-knowledge which is known and used

102 Alexander, C. 1964. Notes on the Synthesis of Form. Cambridge (Ma): Harvard University Press, p. 1.
103 Alexander. Notes on the Synthesis of Form, p. 19.

104 David Turnbull described ‘knowledge-spaces’ as collective spaces where knowledge is made possible by
a combination of people, local knowledge and equipment which are inter-connected by shared
strategies and technical devices (Turnbull, D. 1997. Reframing science and other local knowledge
traditions. Futures, 29(6), p. 553).

105 Adams. A Maritime Archaeology of Ships. p 197.
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by the community of shipwrights who shared the same building tradition, becomes of paramount

interest.

2.2.3.2 17 century ship-design knowledge in the academic literature

Shipbuilding and ship design have always been a craft in which experienced shipwrights did not
pass on their knowledge openly. However, the knowledge had to be passed on to the next
generation, and thus it was shared with a selected number of apprentices.' There are sufficient
sources to show that by the 16" century, shipwrights did not build and design their ships ‘by-eye’,

but after a careful process of design.'®” Chapters 4 and 5 will describe such design processes.

In modern naval architecture, most design decisions are based on scientific understanding and
empirical tools developed in engineering.’®® In contrast, during the 17" century, there was a
limited understanding of the scientific principles that explained the behaviour of complex
technological devices. Hence, shipwrights of the period, in common with other crafts, had to base
their design methods on practical procedures.'®® As chapters 4 and 5 will show, geometry and
proportion were the basis of the procedures they followed to guarantee that the ships were
shaped according to tradition, thus, meeting certain attributes of speed, stability, capacity, etc.'*
Shipwrights of the period had not yet developed the ability to explain in scientific terms the
behaviour of a ship. This, however, did not prevent from elaborating complex theories that helped
them in their processes of design. Although, in most cases, these theories were flawed from a

modern, scientific, point of view.'!!

106 Lavery, B. 1993. Marine Architecture Directions for Carrying on a Ship (1739). New York: Scholars'
Facsimiles and Reprints, p. 11.

107 Barker, R. 1988. Many May Peruse Us. Ribband, Moulds and Models in the Dockyards. Revista da
Universidade de Coimbra. Vol. XXXIV, p. 4.

108 For example: Ferreiro. Ships and Science. The Birth of Naval Architecture; Kemp, J. and Young, P. 2001.
Ship Stability Notes and Examples. Third Edition. Oxford; Marchaj. Seaworthiness: the forgotten factor;
Rawson, K.J and Tupper E.C. 2001. Basic Ship Theory. (Fifth edition. Vols 1 and 2). Oxford: Butterworth-
Heinemann.

109 Hall, A.R. 1961. Engineering and the Scientific Revolution. Technology and Culture, 2(4), p. 333.

110 Roberts, O.T.P. 1998. An exercise in hull reconstruction arising from the Alderney Elizabethan wreck.
International Journal of Nautical Archaeology 27.1, p. 32.

111 Ferreiro’s Ships and Science provides a very interesting study of the development of the modern
discipline of naval architecture throughout the early-modern period. It shows that the academic pursuit
of a theoretical understanding which could help explain the behaviour of a ship as a floating body lagged
behind the practical achievements of ship-constructors of the period.
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One such theory described the optimum underwater hull shape by using the expression cod's
head mackerel's tail. This would seem to suggest that the forward half of the hull should be
shaped like the head of a cod, while the after half of the hull should resemble the shape of a
mackerel's tail (figure 7).1'2 However, figure 8 shows a superposition of two figures drawn by M.
Baker (chapter 4) which seem to suggest that, perhaps, the expression cod's head mackerel’s tail
could be referring to the shape of the rising line, which at the time was considered one of the
fundamental lines which determined the shape of the hull and, therefore, its performance
(chapters 4-5). Irrespective of this, from a modern naval architect’s perspective there is no
scientific reason to sustain this or other similar theories in vogue at the time. Consequently, one
could be tempted to say that in their pursuit of the cod's head mackerel’s tail shape, or similar
theories like the body of least resistance'® shipwrights of the period followed ‘flawed’ rules. And,
having no real justification behind them, it could be concluded that they could not be useful to
create ships of adequate shape and, hence, satisfactory performance. This, however, would be a
mistake. The fact that these theories are flawed from a scientific point of view did not prevent
shipwrights of the 17" and, indeed, other periods from building satisfactory ships. Thousands of
ships built and used before engineering calculations were developed are proof of the success of
pre-engineering design methods. Thus, these often seemingly absurd theories and practical rules-
of-thumb provided a framework, gained through experience, where decisions could be made

within the boundaries set by the rules, thus making successful, repeatable, designs possible.

From a modern perspective the boundaries set by the design rules might be arbitrary and
technically flawed. However, by limiting the amount of possible choices available to the designer,
to the ones acceptable within the boundaries of the rule, the designer and the ultimate user of
the ship knew what to expect at the end of the design and construction process. Following a set

114

design procedure the basic performance*** of the outcome of the design process (a ship) could be

112 This interpretation of the expression ‘cod’s head mackerel’s tail’ is common. For example: Adams. A
Maritime Archaeology of Ships. p 195; Edwards, C.R. 1992. The impact of European overseas discoveries
on ship design and construction during the sixteenth century. GeoJournal, 26(4), p. 447; Jong, J. 2010.
Standvastigheid and verwachting: a historical and philosophical inquiry into standardization and
innovation in design and production of the VOC retourschip during the 18th century, p. 87.

113 Even great scientists like Sir Isaac Newton, one of the pillars of modern science, developed theories that

later science has proved to be wrong. For example the theory of the ‘Body of Least Resistance’ which
proposed the existence of a three-dimensional shape which would have the least resistance when
moving thorough a fluid. This theory was based on an erroneous understanding of the phenomena that
determine the resistance experienced by a body moving through a fluid. See: Solid of least Resistance in
Chambers, 1740, Cyclopaedia (Vol I1).

114 For this research performance has been defined in very broad and simple terms. This research has
focused on certain aspects of the ship’s behaviour in the water which shipwrights of the period seem to
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estimated. Of course, this estimation would be a far cry from the precision expected from any
modern design procedure. However, when compared to the other possibility, that of not having
any method or limitations at all, it is obvious that the arbitrary sets of rules and procedures
available at the time provided a great advantage. The design-methods and rules-of-thumb
enabled the storage and transmission of knowledge in a successful manner, hence, reducing the

uncertainties of the ship design/building process to within acceptable limits.1*®

The previous paragraph would seem to indicate that, although 17" century shipwrights followed
complex design procedures that made uncertainties manageable, their efforts could often lead to
ships with unsatisfactory characteristics. It could be concluded, then, that these methods were
unreliable and, by extension, unsatisfactory. However this analysis and conclusion, which perhaps
would be correct if applied to a modern, engineering-based process of design, is flawed when
viewed through a 17™"-century perspective as the following example will illustrate. In 1673
Anthony Deane (1638-1721) !¢ built The Royal Charles which after construction proved to be
relatively unstable. That is, under operating conditions it heeled dangerously. There was a
solution to this problem that was relatively common at the time. It was called girdling, and
consisted on adding an exterior layer of thick planking to the hull around the waterline area. This
increased the beam of the hull which has a direct influence on its stability,?*” thus it could be used
as a practical solution in certain cases. A similar procedure followed to solve the problem of
insufficient stability was called furring and consisted in removing some of the hull’s planking in
order to supplement the frames of the hull. This way a new underwater shape was defined which

was planked again, hopefully solving the problems of stability.'*®

be trying to control from the earliest stages of the conception phase. These basic performance
characteristics for which the shipwrights of the period seemed to have a practical mechanism of control
are: (1) that the ship must float at a given waterline, (2) that it must remain upright during normal
service conditions and (3) that it must be made strong enough to resist the strains of normal service.

115 Gorman, M.E. 2002. Types of knowledge and their roles in technology transfer. The Journal of

Technology Transfer, 27(3), p. 222; King. Technology and the course of shipping. Ocean and coastal
management, 44(9), pp. 567-577 (p. 570); Taylor. Boat Building in Winterton, Trinity Bay,
Newfoundland. National Museums of Canada (2006 edition), pp. 50-51.

116 Walker. Ships and Shipbuilders, p. 20.

117 The effect would be in relation to the increase in beam squared. Thus, a relatively small change in beam,

like adding a thick layer of planking around the waterline, would had a positive effect for ships whose
stability problems were not too severe.

118 \Wagstaffe, C. 2014. Furring in the light of 16th-century ship design. In J.Auer and T. Maarleveld, (eds),
The Gresham Ship Project. A 16th-Century Merchantman Wrecked in the Princes Channel, Thames
Estuary. Volume I: Excavation and Hull Studies. NAS Monograph 5. BAR British Series 602. Archaeopress,
p. 75; For athorough archaeological analysis and theoretical reconstruction of a 16" century English
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Few modern naval architects, or their clients, would be happy with the idea of having to widen
the ship after launching it in order to solve stability problems that resulted from flaws in the
design and construction process. Therefore, from a modern perspective these methods of hull
design followed by 17*"-century shipwrights could appear unsatisfactory. However, the conclusion
is different if girdling is viewed through the eyes of a 17!"-century observer. Shortly after
launching the ship, Charles Il reflected on the stability problems of the ship in a letter written to

Prince Rupert on the 4" of August 1673. He wrote:

I am very glad the Charles does so well; a gerdeling this winter when she comes it will

make her the best ship in England.'*®

It is evident from Charles Il's words that, although the ship had to be girdled, it was considered a
very satisfactory and apt ship. So much that, with the girdling, it was hoped that it would become
the ‘best ship in England’. For 17t"-century shipwrights girdling was an acceptable solution to the

many unknowns within their knowledge-space.

A more detailed description of Early Modern English and Dutch ship design will be discussed
further in 2.3.4 and 2.3.5.

2.2.3.3 Ship design treatises as sources of knowledge

There are no written records that explain the design procedures followed by shipwrights prior to
the 15" century when the first surviving ship design treaties where written in Venice. These
shipbuilding practices and Mediterranean shipbuilding practices spread to the Iberian
Peninsula.'?? It has been established that during the 15" century there was a gradual change in
the approach to build a ship in North West Europe. Thus English shipwrights abandoned
(gradually) their traditional shell-first construction in order to adopt new methods imported from
southern Europe.!?! The manner in which those techniques arrived to Northern Europe is still
unclear, although the main influence seems to have come from Iberian Atlantic regions

(Portuguese, Basque) and bordering regions of the South-Western French coast (Bordeaux,

ship with evidences of furring see: Auer, J and Maarleveld, T., (eds) .2014. The Gresham Ship Project. A
16th-Century Merchantman Wrecked in the Princes Channel.

119 Creuze, A.F.B. 1840. Treatise on the Theory and Practice of Naval Architecture: being the article “ship-
building” in the Encyclopaedia Britannica, seventh edition. Edinburgh: Adam and Charles Black, p. 18.

120 steffy, R. 2001. The development of ancient and medieval shipbuilding techniques. In Proceedings.
International Symposium on Archaeology of Medieval and Modern Ships, p. 60.

121 Adams. A Maritime Archaeology of Ships. Chapter 6.
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Gascoigne).’?2 However, a direct route by which these techniques could have been transmitted by
itinerant workers following the Iberian model is also considered a possible route of technological
transmission.'? Independently of the way in which shipbuilding knowledge could have travelled,
the fact is that by the 16th century English shipwrights and those of other Northern European
nations were adopting frame-first shipbuilding, at least for the construction of large, prestigious,

ships.'?*

There are a number of manuscript and printed treatises on ship design written during the 16" and
17*" centuries which describe the practical procedures followed in order to design the shape of a
ship (see chapters 4-5). They describe different methods of design. However, in general terms,
they all share conceptual similarities. The procedures described in 16" and 17" century
shipbuilding treatises were based on geometry, and proportion. The design of a ship would be
based on a master frame obtained by following a geometrical construction and a significant
(variable) number of sections of the hull would be derived by a controlled transformation of the
master section shape.'® As it will become clear in chapters 4-5, and was also stated by
contemporaries of these ship design procedures, these rules and proportions were not based on
science. 1% Instead, they were based on accumulated empirical knowledge, transmitted from

generation to generation.

The study of these treatises has allowed modern scholars to describe the knowledge-space of ship
designers of this period and the manner in which such knowledge was put to use. This has helped
create an image of the societies using such knowledge in the frame-first traditions of early
modern Europe. This image, in turn, has been used to create a mirror image which, by contrast,
has been used to describe the social arrangements in the shell-first traditions still practised during
the early modern period in Europe. Most notably in the Netherlands and northern European Baltic
regions. These perceived differences in social arrangements will be described in section 2.2.3.6.

The manner in which the knowledge contained in the treatises — and used by frame-first builders

122 Hocker. Bottom-based Shipbuilding in North Western Europe, p. 80.
123 Adams. A Maritime Archaeology of Ships, p. 71.
124 Adams. A Maritime Archaeology of Ships, p. 71.

125 For a discussion of these methods —as used in different periods and areas of Europe—, see: Castro, F.
2007. Rising and Narrowing: 16th-Century Geometric Algorithms used to Design the Bottom of Ships in
Portugal. International Journal of Nautical Archaeology, 36.1, pp. 148-154; Rieth, E. 1996, Le Maitre-
Gabarit la Tablette et le Trébuchet: essai sur la conception non-graphique des carénes, du Moyen Age au
XXe siecle. Paris : Comité des travaux historiques et scientifiques.

126 Ferreiro. Ships and Science, pp. 46-49.
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—isinterpreted plays an important role in setting the differences and in explaining the
technological trajectory of the early modern period. Thus, the following paragraph will give a brief

overview of the manner in which such knowledge is characterised in the literature.

The design methods contained in these early modern ship design treatises are often described as
the creation of highly skilled individuals, who Barker defined as highly gifted geometers.'?” Hass|6f
—one of the earlier authors who described these treatises as a way of understanding social
organisation— considered that the authors of these treatises were not necessarily shipwrights.
Instead, their merit was that they knew how to write without any real experience in shipbuilding
or ship design.'® Not only this, Hass|éf concluded that these methods would be of little use to
real shipwrights who, instead, would prefer more concrete methods of conceiving hull shape.*?
Following this line of argument, Ditta, Auer and Maarleveld considered that the contents of the
treatises would not reflect real practices in the shipyards of the period. Instead, these methods
would have been invented by sophisticated scholars who would try to create a type of knowledge
based on their world view which at the time contemplated an orderly universe, explicable by
geometry.®* This is in line with Gilmer’s opinion who wrote that these methods, which relied on
geometry, may have been elegant but had little relation with the performance of the ship.***
However, this view of the knowledge contained in the treatises is not shared by all. For example it
was criticised by Jonathan Adams who realised that these methods might not be able to predict
performance as expected from a present-day method, however, they produced ships of known

type, therefore of predictable performance based on past experience.'*?

127 Barker. Many May Peruse Us, p. 547.

128 Hasslof described that the inspiration for the treatises came from the ideas of natural science created by

Galileo, Newton and others (Hassl6f. Sources of maritime history and methods of research, p. 141-2).

129 For example Hasslof wrote that: ‘the complicated arithmetical arguments about the proportions of the

various parts of a ship and the use of geometrical figures as aids, [...], seem to belong to the world of the
scholar, rather than to that of the illiterate craftsman.’” (Hassl6f, O. 1966. Sources of maritime history
and methods of research. The Mariner’s Mirror, 52(2), pp. 127-144 (p. 142).

130 Ditta, M., Auer, J. and Maarleveld, T. 2014. Albrecht Diirer and Early Modern Merchant ships. A
reflection on the spread of ideas and transfer of technology. Archeologia Postmedievale, p. 87.

13

-

Gillmer, T. 1985. Evolving ship design technology revealed in wrecks of Post Medieval ships. In
Cederlund, C.0. (ed.), Postmedieval Boat and Ship Archaeology: papers based on those presented to an
International Symposium on Boat and Ship Archaeology in Stockholm in 1982. Swedish National
Maritime Museum Report 20, Stockholm or BAR International Series 256, Oxford, p. 261.

132 Adams. A Maritime Archaeology of Ships, p. 179.
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It can be seen that there is a wide scholarship that considers that these treatises were created by
a social group that had little relation with ship design. Such a group would create these written
pieces within a climate of intellectual scholarship of the period, for the ‘enlightened discussions of
learned men’.’33 Going further, some moderns scholars consider that the goal of the authors of
these treatises would be to better the public status. For example, Brian Lavery wrote that
‘[Mathew] Baker, who [wrote Fragments of Ancient English Shipwrightery (chapter 4)], seems
more interested in showing off his knowledge in arithmetic than in providing information on his
principles of ship design’.!3* Similarly, Hocker distinguished between treatises of diverse periods
with respect to the reasons which could have prompted the authors to write them. He wrote that
‘[ship building] treatises produced in the 16" and 17" centuries, unlike those of the 15" century
were written to demonstrate their brilliance and worthiness.”** With this, however, these authors
do not necessarily imply that the contents of these treatises are worthless. After all, one could try
to impress their contemporaries and at the same time produce a work of relevance. However,
other authors have gone beyond this reasoning. Ab Hoving, for example, analysed Witsen’s 17-
century treatise (chapter 4) which contained information that did not fit within the currently
accepted narrative. Thus, Hoving justified that, by claiming that one of the reasons that Witsen
had for writing parts of the treatise was to try to impress his contemporaries, he could disregard

information contained in the treatise which questioned the accepted narrative (chapter 4).1%¢

From the previous paragraphs, it can be seen that the manner in which the contents of the
treatises have been interpreted initially tended to cast doubts about their usefulness, although it
is generally accepted now that these practices became the norm for the construction of larger
ships throughout early modern Europe, perhaps with the exception of the Netherlands until the
early 18™ century (chapter 4). Thus, a narrative has been created which describes the eventual

adoption of these design methods, from the earliest methods first written down in Venice, to the

133 For example, Castro wrote that:

‘Shipbuilding treatises began appearing in the Iberian Peninsula in the final quarter of the 16th
century but were not written by shipwrights and do not seem to have been written for shipwrights.
They seem, rather, to be a consequence of a Renaissance taste for collecting and organizing
knowledge, and eventually using it in enlightened discussions of learned men.’

Thus, according to this, these treatises would have been of little practical use. (Castro, F. 2008. In search
of unique lberian ship design concepts. Historical Archaeology, 42(2), p. 67).

134 Lavery, B. 1988. The Colonial Merchantman Susan Constant 1605. London: Conway Maritime Press, p. 8.
135 Hocker. In details remembered, p. 81.
136 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 18.
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latest methods embracing scientific knowledge of the end of the 18" century. Steffy described
such a progression, where mathematics and formalised design procedures, relying in increasingly
sophisticated graphical depictions, played an ever-more present role which, eventually leading to

the adoption of modern science in the 19" century.*’

In the following chapters the knowledge contained in early modern treatises will be analysed and
interpreted. Most of the available treatises, analysed in chapters 4 and 5, describe shipbuilding
and ship-design knowledge as used by shipwrights of the frame-first tradition. However Witsen’s
treatise, and some aspects of Van Yk’s treatise, both written in the Netherlands during the late
17" century, describe Dutch shipwrights building in the Dutch version of shell-first construction,
called bottom-based by Hocker.**® Therefore, the following sections will offer a simple description
of the conceptual approach to hull design in both traditions, useful to understand the analysis and

discussion in the following chapters.

2.2.3.4 Frame-first process of hull design. A conceptually common approach.

This section describes in general terms the process followed by shipwrights building in the frame-
first traditions of the period to derive the shape of their hulls. The methods described in the
following paragraphs could refer to English practices as well as those of other nations like, for
example, France, Spain, Sweden and Portugal, where conceptually similar procedures were
followed at least for the construction of large ships.'*® The notable exception would be the Dutch,

who followed a different approach to the construction of their ships (see 2.2.3.5).

Shipwrights of the time were not necessarily educated people, and often, even highly esteemed
individuals were incapable of reading or writing,'*° therefore, the rules of ship design were, in
general, simple and easy to remember and transmit (see chapters 4-5). However, as literacy levels
and formal education increased during the 18" century, although the conceptual approach to hull

design remained unchanged, the actual practical methods became more complex.'* During this

137 steffy. Wooden Ship Building and the Interpretation of Shipwrecks. Chapter 5.

138 Hocker. The Development of a Bottom-Based Shipbuilding Tradition in Northwestern Europe and the
New World; Hocker. Bottom-based Shipbuilding in North Western Europe.

139 See chapters 4 and 5 to see the conceptual similarities between the design methods in use in England,
Spain and France.

140 Ferreiro. Ships and Science, p. 24.
141 Ferreiro. Ships and Science, p. 80.
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time, the knowledge which had historically been passed on orally was recorded on written

notebooks, first, and more organised treatises, later (see chapters 4-5).

The process of hull design as practised in the 17" century was generally described in a ‘recipe’
that defined the shape in such a way that, by defining a few parameters, the three-dimensional
shape of the hull was established (see chapters 4-5). First, the shipwright decided on the main
dimensions of the hull such as its length, beam and depth. Then, the shape of the backbone -
stem, keel and sternpost— was decided. Following this, the shipwright would define the three-
dimensional shape of the hull based on the shape of the master section and on its gradual
transformation to obtain the shape of the reminder of the transversal sections of the hull. In
general, the shape of the master section consisted of a series of arcs of circle and straight lines
that could be drawn following some geometrical rules based on a proportional relation between

its elements. * This could be easily defined by simple rules-of-thumb (chapters 4-5).

The shape of the master frame could be used to obtain the shape of the transverse sections or
frames of the hull. Thus, let us imagine the process of designing the shape of a frame (figure 9).
The first step would be to narrow the master frame template by a predetermined value which
was decided by simple geometrical constructions that produced a series of incremental values,
appropriate for each individual frame. This movement is termed the narrowing. If a ship were to
be designed by narrowing alone, its bottom would be too full in the ends, therefore the
shipwrights of the time had an extra transformation they could apply to the template of the
master frame. Shipwrights would raise the template, by a predetermined amount. This movement
is the rising. Finally, different methods would be used to fill the ‘gap’ that resulted from rising the
template above the keel level. Initially, this process would be done using templates shaped as the
master frame, on a loft floor or directly over the framing stock (figure 10), without the need for
drafted plans.* In larger ships, the template of the master section would be divided in several

parts. Later, the same process was used to draw the shape of the hull on paper.'**

The values of narrowing and rising were predetermined using a variety of methods that varies

from treatise to treatise, and from shipwright to shipwright (chapters 4-5). As a general rule, the

142 For example: Adams. A Maritime Archaeology of Ships, p. 116; Barker, R. 1985. Fragments from the
Pepysian Library. Revista da Universidade de Coimbra, 32, pp.161-178 (p. 165); Endsor. The Restoration
Warship, p. 34; Rieth. Le Maitre-Gabarit la Tablette et le Trébuchet, p. 57.

143 Castro. Rising and Narrowing: 16th-Century Geometric Algorithms, pp. 148-154.

144 Qlaberria, J. P. and Olaizola, I. 2013, A Basque Shipyard Design Method of the Late 19th and Early 20th
Centuries and its Relationship to Non-graphic Hull Design of the 15th Century. International Journal of
Nautical Archaeology. 42.2, 358—64.

37



Chapter 2 Contextualisation

designer would choose the maximum values of rising and narrowing at the extreme sections of
the hull where the method would be applicable, and by following simple geometrical
constructions, numerical methods, mathematical curves, or fully graphical methods, the values of
rising and narrowing for each intermediate sections within the hull could be obtained.*** These
systems of hull design, which did not make use of drafted plans, could not solve very well the
shapes of the hull at their most extreme ends: the bow and stern. Hence these areas had to be
solved by the shipwright in situ, as the construction proceeded, based on their personal

experience and wisdom. As a result, two identical ships could not be built.24®

These procedures became more complex with time, but conceptually similar methods of hull
design remained in use until they were abandoned, in general, during the 19'" century.'¥
However, they did not disappear completely, and have remained in use until our present times for
the construction of workboats and fishing boats in traditional shipyards in different areas of the
Mediterranean basin and in regions of the world influenced by colonial European shipbuilding

traditions (chapter 7).

Change in hull form during the 17" century was gradual and slow.* Similarly, the design
procedures changed during that time, but remained, in essence, the same: based on a master

frame described by a geometric construction which was transformed in a controlled manner to

145 For example: Castro. Rising and Narrowing: 16th-Century Geometric Algorithms, p. 149.

146 Barker, R. 1991. Design in the Dockyards, About 1600. In R. Reinders and P. Kees (eds), Carvel
Construction Technique. Skeleton First, Shell First. Fifth International Symposium on Boat and Ship
Archaeology, Amsterdam 1988. Oxford: Oxbow Monograph 12, p, p. 64; Lavery. Deane's Doctrine of
Naval Architecture, p. 26. Treatises of the time recognised another reasons for the somewhat unreliable
results of the design-construction process. For example the c.1620 anonymous treatise identifies the
lack of geometric and arithmetic skills of English shipwrights who relied on small scale plans, as one of
the reasons why shipwrights could build very fine ships which too often did not match the shape of the
intended ship represented in the drafted plans (Salisbury, W. and Anderson, R.C. (eds), 1958. A Treatise
on Shipbuilding and A Treatise on Rigging, Written About 1620-1625, p. 32).

147 For a contemporary (early 19t century) account of these methods, see: Morgan, W. and Creuze, A.

1829. Article I: On Mechanical Methods of designing Ships' Bodies. In Papers on Naval Architecture and
other subjects connected with Naval Science, Volume Il. London: G.B. Whitaker.

148 Castro, F. and Gomes-Dias, D. 2015. Moulds, Graminhos and Ribbands: a pilot study of the construction
of saveiros in Valenga and the Baia de Todos os Santos area, Brazil. International Journal of Nautical
Archaeology, 44(2), pp. 410—422; McGrail, S. 2001-b. Portuguese-derived ship design methods in
southern India? Proceedings International Symposium on Archaeology of Medieval and Modern Ships of
Iberian Tradition. (Trabalhos de Arqueologia n? 18). Lisbon, pp. 119-129; Rieth. Le Maitre-Gabarit la
Tablette et le Trébuchet, p. 191; Rieth. Navires et Construction Navale au Moyen Age, pp. 256-261;
Taylor. Boat Building in Winterton, p. 5.

149 Adams. A Maritime Archaeology of Ships, pp. 179-180; Endsor. The Restoration Warship, p. 7.
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obtain the shape of the rest of the transversal sections of the hull (see chapters 4-5).1°° By the
1670s naval architecture is said to be changing from a medieval shipwright’s craft to a modern
scientific discipline. Thus, the use of drafted plans, the definition of rising and narrowing curves by
numeric calculation, logarithms as aids for calculations, and other similar signs of sophistication in
shipbuilding treatises are considered a sign of an increasing scientific approach to hull design
during the 17t century.'>* Mathematical knowledge is generally considered to be an important
aspect of early-modern ship design.'>? Eric Rieth considered that by 1740-1745 the cultural

rupture with medieval methods of ship design had been completed.?>3

2.2.3.5 Dutch methods of ship design. A particular case

Although, the design procedures described above were used across Europe during the 17t

century, the Dutch had a different approach to hull design.

Dutch shipbuilding of the 17" century is often considered one of the most sophisticated in Europe
at the time.”* The social organisation of Dutch shipwrights in Guilds is said to have provided the
Dutch with an advantage when compared to their closest competitors of the time: England and
France. Moreover, it would have provided Dutch shipwrights with an efficient way of
guaranteeing that shipwrights were properly trained, resulting in an efficient process of storing

and transmitting their accumulated knowledge from one generation to the next.®

150 Adams. A Maritime Archaeology of Ships, pp. 179-180.

151 Adams. A Maritime Archaeology of Ships, p. 148; Barker. Design in the Dockyards, p. 61; Ditta, M.,
Auer, J. and Maarleveld, T. 2014. Albrecht Direr and Early Modern Merchant ships. A reflection on the
spread of ideas and transfer of technology. Archeologia Postmedievale, p. 87; Lavery. Deane's Doctrine
of Naval Architecture, p. 21.

152 Ditta et al. Albrecht Diirer and Early Modern Merchant ships, p. 95; Rose, S. 2011. Digs and Documents:

Gaps in our knowledge of medieval shipping. The Mariner’s Mirror, 97(1), pp. 63-76 (p. 72); Johnson, S.
1994. ‘Making mathematical practice: gentlemen, practitioners and artisans in Elizabethan England.
Ph.D. Thesis. Cambridge, p. 108.

153 Rieth, E. 2003. A Similar Atlantic and Mediterranean Ship Design Method: The Case of the French Royal
Dockyards at the End of the XVIIth Century. In H. Nowacki and M. Valleriani (eds) Shipbuilding Practice
and Ship Design Methods From the Renaissance to the 18t Century. Max Planck Institute for the History
of Science, preprint 245, p. 80.

154 Unger, R. W. 1997. Dutch ship carpenters' guilds, c.1400 to ¢.1600. In: R.W.Unger, Ships and shipping in
the North Sea and Atlantic, p. 5; Unger, R.W. 1985. Dutch design. Specialization and building methods in
the seventeenth century. In: C. O. Cederlund (ed.), Postmedieval boat and ship archaeology. Papers
based on those presented to an International Symposium on Boat and Ship Archaeology in Stockholm in
1982. British Archaeological Reports, International Series 256, Oxford, p. 154.

155 Unger, R. W. 1976. Wooden shipbuilding in Zeeland. First Transactions of ‘Houten Scheepsbow in
Zeeland’, Zeeurus Tijdschrift 26, 4/5, p. 133.
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For a student of ship design in the early modern period, and of ship-design in general, the Dutch
case poses interesting challenges as, during the 17" century, the Dutch had two distinct
shipbuilding traditions. One, centred on the area of Rotterdam and the other centred on
Amsterdam. In Rotterdam ships were built frame-first and in Amsterdam ships were built in the
Dutch version of shell-first construction.®® Thus, two distinct traditions, said to represent
different ways of organising knowledge and society were practised in the same region, within the

same cultural context, and within a very short distance from each other.*>’

Contemporary treatises written by Van Yk and Witsen during the second half of the 17" century
describe their particularities in detail.’>® Witsen described the bottom-based procedure followed
in Amsterdam, although he also mentioned that ships were built differently (frame-first) in other
areas of the Dutch Republic.**® However, when modern scholars refer to Dutch shipbuilding
practices of the 17™" century they refer mostly to shipbuilding as practised in Amsterdam and

described by Witsen.¢°

The process of ship construction followed by the Dutch in Amsterdam during the 17" century was
initially termed as Dutch-flush by Maarleveld.'® The process of hull construction started as a shell-
first process, where the skin of the bottom of the ship was erected without any internal framing
or other support elements such as provisional moulds that could serve as a means of
guaranteeing the shape of the hull. Based on this particularity, that seems to indicate that the

shape of the bottom constitutes the basis of the conceptual approach to the conception of hull

156 Barker, R. 2003. ‘Cradles Of Navigation’ Re-Visited. In H. Nowacki and M. Valleriani (eds), Shipbuilding
Practice and Ship Design Methods from the Renaissance to the 18" Century. Max Planck Institute for the
History of Science. Preprint 245, p. 103; Hocker. The Development of a Bottom-Based Shipbuilding
Tradition. p176; Hoving, A. 1988. A 17th-century Dutch 134-foot pinas, Part 1. International Journal of
Nautical Archaeology, 17(3), p. 212; Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age,
p. 7.

157 Rieth. Navires et Construction Navale au Moyen Age, p. 47.

158 van Yk, C. 1697. De Nederlandse Scheeps-bouw-konst. Open Gestelt. Amsterdam: lan Ten Hoorn;
Witsen, N. 1671. Aeloude en Hedendaegse Scheeps-bouw en Bestier. Amsterdam: Casparus Commelijn.

159 Witsen 1671 in Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 57.

160 For example: Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age; Maarleveld, T.J. 2013.
Early Modern Merchant Ships, Nicolaes Witsen and a Dutch-Flush Index. International Journal of
Nautical Archaeology, 42(2), pp. 348-357.

161 Maarleveld. Archaeology and early modern merchant ships.
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shape, Hocker adopted the term ‘bottom-based’ to refer to this particular approach to ship

construction.®?

To our current mind this construction process seems a counter-intuitive process, and one fraught
with many difficulties, but the Dutch had previous experience in building the bottoms of a
medieval ship type called cog before erecting the internal framework.'®® In order to build ships
from the bottom up, the Dutch had developed different techniques and tools that allowed them
to proceed in this manner. As they lacked any pre-erected internal structure (frames or
provisional moulds), the planking was fixed by numerous short wooden cleats that joined
provisionally each plank to adjacent planks (figure 11). The cleats were nailed to each of the
planks, bridging the joints between them. Once the bottom of the ship was finished, or at least
sufficiently planked up, interior framing was installed inside, planks were fixed permanently to the
frames, and the cleats, having become redundant, were removed.'®* After the framing had been
inserted to stiffen the bottom of the hull, additional framing for the sides was fixed to it and was
left protruding upwards, thus offering a structure to which the planking of the sides could be
attached in a frame-first manner (figure 12). This second phase of the ship's construction did not
differ in essence of the procedures followed by English shipwrights of the period where the

planking was attached to a pre-erected framework of transversal frames.¢

In the Dutch method of ship construction, the bottom of the ship was built without pre-erected
frames or moulds to guide the construction of the bottom's planking, in a shell-first fashion. As a
result it is described as a method in which there is no pre-design of the hull shape. Rather, Dutch
shipwrights designed and built in a simultaneous process where there was no distinction between

conception of hull shape and its construction.'®® However, there is also evidence that suggest the

162 Hocker. Bottom-based Shipbuilding in North Western Europe, p. 66.

163 Unger, R.W. 1985. Dutch design. Specialization and building methods in the seventeenth century. In: C.
0. Cederlund (ed.), Postmedieval boat and ship archaeology. Papers based on those presented to an
International Symposium on Boat and Ship Archaeology in Stockholm in 1982. British Archaeological
Reports, International Series 256, Oxford, p. 156.

164 Hocker. Bottom-based Shipbuilding in North Western Europe, p. 82; Lemée, C.P.P. 2006. The
Renaissance Shipwrecks from Christianshavn. An archaeological and architectural study of large carvel
vessels in Danish waters, 1580-1640.Roskilde, Denmark: The Viking Ship Museum, pp. 218-227.

165 Hocker. Bottom-based Shipbuilding in North Western Europe, p. 82.

186 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 9, 15; Maarleveld. Archaeology
and early modern merchant ship, p. 167; Verweij, J., Waldus, W., Van Holk, A. 2012. Continuity and
change in Dutch shipbuilding in the Early Modern period. The case of VAL7 and the watership in general.
Journal of Archaeology in the Low Countries, 4, pp. 65-93 (p. 86).
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contrary. For example, Witsen’s treatise and other contemporary accounts such as Arnoul’s
(chapter 4) indicate that Dutch shipwrights of the period used certain design procedures which
may have helped them in the conception of hull shape. These design procedures were not based
on drafted plans, but on traditional formulae of proportions and simple geometry that were used

by the master shipwright during the building process.®’

Some scholars have studied how these formulae and recipes could have been used by the
shipwright to shape the hull. By analysing 16-17t" century Dutch shipwrecks found in Denmark,
Christian Lemée suggested that Dutch shipwrights of the period did not rely on their ‘eye’ to
shape their hulls. Lemée argued convincingly that methods of pre-design and shape control could
have been used for the constructions of Dutch ships of the period. The method would be based
around the provisional cleats that shipwrights used to fix adjacent planks to each other (figure
13). By cutting the cleats with a pre-determined angle, it was possible for the shipwright to
control the bevel angle between adjacent planks. **8 Thus, in a gradual process, plank by plank,
the transversal shape of the hull could be built to a pre-determined shape. Similarly, Kelby Rose’s
analysis of the remains of the 17™"-century Vasa —built by Dutch shipwrights in the Dutch
tradition—allowed him to suggest that simple geometry might have been used to design the turn
of the bilges of the master section of the Vasa.'®® Kroum Batcharov found further evidences which
pointed towards the existence of pre-erected control frames in the bottom of the Vasa which
could have been used by the shipwrights to determine the shape of the bottom of the ship before
it was built. 1% There is additional archaeological evidence that shows that actual frames were
pre-erected before the planking of the bilge and sides was erected. Thus, André van Holk’s study
of the early 17" century OE 34 wreck of Dutch construction found in the Netherlands, showed
that at least two frames had been erected before the bilge and sides of the hull had been
planked.”! Consequently, the archaeological evidence identified by Lemée, Rose, Batcharov and
Van Holk , above, suggests that control mechanisms of the transversal shape of the hull in line
with the ones described by Witsen’s treatise (chapter 4) were being used for the control of the

transversal shapes of seagoing Dutch ships built on the bottom-based tradition.

87 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 9.
168 | emée. The Renaissance Shipwrecks from Christianshavn, p. 140.

169 Rose, K. 2014. The Naval Architecture of Vasa. A 17%-century Swedish Warship. Phd Dissertation. Texas
A and M University, p. 292.

170 Fred Hocker, personal comment (January, 2017).

171 Van Holk, A.F. 2014. Maritime archaeology, mind-set and money, the IFMAF and the Zuiderzee:
Education, research, awareness and management, p. 46.
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The traditional design formulae, the geometric method described by Witsen to define the shape
of the master section in the 17t" (chapter 4) together with the archaeological evidence should
have led to re-considering the idea of Dutch shipbuilding as a process that was based on the ‘eye’
of the shipwright; where ships were built in a simultaneous process of design and construction;
with no method to pre-determine the shape of the hull. However, this is not generally the case,
and the formulae and simple geometric procedures are described as a secondary tool, used to aid
the ‘eye’ of the shipwright in the shaping process, as the following quotation by Ditta, Auer and

Maarleveld shows:

In fact, both the historical, the archaeological and the anthropological evidence shows
that Dutch ship- building — or more specifically building ships in the Dutch Flush manner
—comprises a whole toolbox of skills-based rules and techniques that could be drawn
upon to support the builder’s eye in shaping the hull and assisting him in control of

symmetry along the main axis (Highlights not in the original). 172

Consequently, the role of these rules and techniques as a means to store information about
three-dimensional shape, thus allowing this knowledge to circulate, is downplayed to the role of
mere control of symmetry. In chapter 6, this and other shortcomings of the currently accepted

narrative will be discussed.

2.2.3.6 Social arrangements in English and Dutch shipwright communities according to the

current narrative

One of the consequences of the current narrative that describes frame-first hull design and
construction methods —as the ones used in England- and shell-first methods —as the ones used to
make the bottom by Dutch bottom-based shipwrights—is the perception that those different
approaches resulted in different social arrangements. The study of design treatises has influenced
these ideas about the social climate in which the knowledge was created (Dutch republic vs
English kingdom). The following paragraphs will provide a general description of the social
climate, as currently described, in the English and Dutch cases. These ideas will be criticised in

chapter 6.

English ship design: an activity divided by social hierarchy

It is generally accepted that with the adoption of frame-first ship construction during the 15" to

16" centuries a social transformation took place which contrasted with the social arrangement

172 Ditta, M., et al. Albrecht Diirer and Early Modern Merchant ships, p. 90.
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prior to the adoption of frame-first design/construction methods. According to this, as a
consequence of the adoption of frame-first design and building process, where frames were made
at the early stages of the construction process, ship design and ship construction became
separate endeavours.”® This brought with it a transformation of the social structure involved in
shipbuilding. The design process became the responsibility of master shipwrights who became
ship-designers. Their status grew and rose on the hierarchical ladder to a position above that of
shipwrights taking part in the actual construction of the ship. }’* The geometric desigh methods,
described in treatises, were imposed upon the practical shipwrights by theoretically minded
designers with no practical craft-experience.'’> Moreover, these methods would respond to the
world view of these theoretically minded ship-designers who were inclined to create complex
geometric design methods which, in effect, had no relation to the performance of the ship.'’®
Thus, shipwrights lost the ability to influence in the design of the ship and became craftsmen who
followed orders and decisions issued by the ship-designer.!’” However, these methods, imposed
by learned men which led to a hierarchical division of knowledge and practice in English shipyards
is considered by some to be responsible for remarkable failures in ship design. Thus, for some,
English ship design of this period was ‘bogged down on theoretical dogma’ with pernicious
effects.”® As a result of such flawed design methods English ships would suffer from an unusually
high number of failures that would result in the need for girdling and furring to correct such faulty

performance.’”

It is generally accepted that, as the 17*" century neared its end, design methods became more
complex by the use of numerical methods and mathematical devices —such as logarithms— and

drafted plans, the use of which have been interpreted as the first signs towards a scientific

173 Adams. A Maritime Archaeology of Ships, p. 148.
174 Adams. A Maritime Archaeology of Ships, p. 148.

175 Auer, J. and Maarleveld, T. 2014. In Conclusion: Looking Back and Looking Forward. In J.Auer and T.
Maarleveld, (eds), The Gresham Ship Project. A 16th-Century Merchantman Wrecked in the Princes
Channel, p. 86.

176 Gillmer. Evolving ship design technology revealed in wrecks of Post Medieval ships, p. 261; Auer and
Maarleveld. In Conclusion: Looking Back and Looking Forward, p. 86.

177 Ditta et al. Albrecht Diirer and Early Modern Merchant ships, p. 84.

178 Bellamy, M. 2006. David Balfour and early modern Danish ship design. The Mariner’s Mirror, 92(1), p.
15.

179 Auer and Maarleveld. In Conclusion: Looking Back and Looking Forward, p. 86; Wagstaffe. Furring in the
light of 16th-century ship design, p. 80. It should be noted, however, that this opinion is not supported
by the archaeological record where evidences of furring or girdling are scarce.
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approach to ship design.!®® By then the social division between designer and shipwrights is
considered complete, leading from the early attempts by Mathew Baker to extend the limits of
contemporary knowledge towards the full scientific approaches by Swedish Naval Architect

Chapman in the latter years of the 18" century.*®!

Dutch shipwrights

The manner in which Dutch shipwrights of the period designed and built their ships has led to
depictions of the social climate around Dutch shipyards which contrast to those of their English
contemporaries. Therefore, based on the partially shell-first approach followed by Dutch
shipwrights, it is often considered that Dutch shipwrights of the period would not need a method
of design.'®? Rather, they would shape their hulls in a simultaneous process of design and
construction, creating the shape of the hull while it was built (see section 2.2.3.5 below).'®
According to Richard Unger, Dutch ship designers did not have a method of design based on
geometry or mathematics. As a result they would be easier to train as they did not need to learn
theory or mathematics. Consequently, it is considered that Dutch shipwrights knew, by way of
experience and skill, how to shape a hull to guarantee a successful performance without requiring

any method of design. '8

The way in which Dutch ship construction is generally understood as a process in which the ship is
built and designed simultaneously, without a process of pre-design, has resulted in a definition of
Dutch shipyards that is markedly different to those of contemporary shipyards of other European
nations. In Maarleveld's view, contrary to the geometrical pre-design methods used in frame-first
England and other European nations—known to a relatively learned elite while the majority of the
workforce would be left to follow orders—, Dutch shipwrights had only a set of simple rules of
proportion which, by their own nature, would be easy to transmit and, therefore, harder to keep

secret from the workforce. The ship would be built and shaped in full view, following methods

180 Tebeaux, E. 2008. Technical writing in English Renaissance shipwrightery: Breaching the shoals of orality.
Journal of Technical Writing and Communication, 38(1), pp. 3-25 (p. 18); Adams. A Maritime
Archaeology of Ships, p. 148; Barker. Design in the Dockyards, p. 61; Ditta et al. Albrecht Diirer and
Early Modern Merchant ships, p. 87.

81 Barker. Fragments from the Pepysian Library, p. 174.
182 \erweij et al. Continuity and change in Dutch shipbuilding in the Early Modern period, p. 86.

183 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 9; Maarleveld. Archaeology and
early modern merchant ships, p. 167.

184 Unger. Dutch design. Specialization and building methods in the seventeenth century, p. 161;
Maarleveld, T.J. 1992. Archaeology and early modern merchant ships, p. 167.
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that everyone could see as it happened straight in front of their eyes. This would result in a social
organisation which contrasted with the hierarchical, bureaucratic description of English
shipwrights above. Instead, Dutch shipwrights would constitute a more egalitarian social group
with a limited hierarchical and bureaucratic organisation.'® Thus, the manner in which Dutch
shipwrights are understood to organise their ship-design knowledge and the way in which it is

shared by the community of shipwrights is a contrast to that of English shipyards.

2.3 Closing remarks

In this chapter the Royal yachts have been described as a ship type that does not appear to be
specifically designed to fulfil any particular role. On the contrary, they have been shown to be
able to play numerous roles within the Royal Navy which, in principle, would seem to require
different performance characteristics. This leads to questioning the ability of designers of the
period, to create ships with special requirements in mind. The following chapters will analyse how
shipwrights of the period designed the three-dimensional shape of their hulls. Therefore, the
chapter has introduced the current scholarship that describes this matter, which, as this thesis will
discuss in chapter 6 is based on a flawed understanding of the contents of the treatises and of the
procedures followed by early modern shipwrights to design the shape of their hulls. It will be
argued that shortcomings in the current narrative which describes shipbuilding knowledge go
beyond the particular cases of English and Dutch ship design. Consequently, the research and
analysis of written sources of evidence will broaden its temporal limits to include the early
modern period, from the 15™ century to the mid-19" century when a change in the design
paradigm can be shown. But first, in order to understand the outlook of this researcher, the

theoretical approach of the thesis will be introduced in the following chapter.

185 Maarleveld. Archaeology and early modern merchant ships, p. 169; Adams, J. 2003. Ships, Innovation
and Social Change, p. 190; Verweij, J. et al. Continuity and change in Dutch shipbuilding in the Early
Modern period, p. 84; Ditta et al. Albrecht Diirer and Early Modern Merchant ships, p. 100.
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Chapter 3: Theoretical approach of the thesis: In
search of the design knowledge contained in

shipbuilding treatises

One of the objectives of this thesis is to discuss and establish the nature of the knowledge
contained in the different early modern shipbuilding treatises and to establish whether the
variety of methods of conception and recording of shape among the different treatises, represent
a true technological development; whether the current understanding of these design methods is
correct or can they be defined in a different light. In order to do so, chapters 4 and 5 will describe
a number of early modern ship design treatises. Therefore this chapter will describe the manner
in which knowledge is defined in this research which, in turn, will allow the reader to understand

the outlook of this researcher.

3.1 Technology as a window to observe past societies

Human societies, often, enjoy different scenarios of technological development.*® As a result, the
manner in which technology is made, put to use, learned and taught will be different. There is
much to be said for the study of particular technologies of different societies: their application,
tools of implementation, materials and processes available, etc. These aspects may inform us of
the knowledge-space in which a society makes their technological choices. This knowledge-space
sets the boundaries that envelope the possible number of choices available for the development
and implementation of technological processes and devices. Consequently, by knowing these
boundaries one can start to describe a picture of the particular technology used by a social group
with possible justifications for their choices. However, this approach ignores that, probably, the
limiting factor that determines the technological choices available to a social group may not be

practical (in a physical sense of materials and tools, for example), but they may cognitive.'®’

18 The reason for using the term scenarios instead of levels is to avoid suggestions of any kind of
technological evolutionary path in which the technologies of different social groups fit. It does not
always follow that a group will adopt the most advanced technology available to them. In practice, each
group will choose the technology that suits them best, regardless of it being the most advanced
technology or not.

187 There is an extensive body of literature that studies how different social groups tackle the problem of
‘design’ when the knowledge is partial (as it was the case of ship designers described in this document).
In cases where the design problem is ill defined, designers must base their design decisions on modes of
design based on practice, rules of thumb and accumulated tacit knowledge. For example, see: Ahmed,
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There are many studies that try to comprehend the historical development of technology and
especially technological changes.'® Often, those studies of technology are based on particular
technological objects or practices which are seen as a valuable means of observing past
individuals and social groups. However, it has been suggested that research should avoid
concentrating on the particularities of individual objects or it would result in an over-
particularistic and distorted view. Instead, researchers should widen their focus, with a view to
understanding the general ‘landscape’ in which particular technologies or technological device

were used.®

The idea of technology as a dynamic element of society, and not of particular individuals, is very
much present in the numerous studies that try to understand technological changes throughout
history.’ In those studies, the definition of technological paradigms is crucial as it helps
understand what is really being researched. In that respect, this research has been shaped by the

following definition of technological paradigm proposed by Giovanni Dosi:

A ‘technological paradigm’ [is defined] as an ‘outlook’, a set of procedures, a definition

of the “relevant’ problems and of the specific knowledge related to their solution.*

Thus, in the study of a particular technological paradigm and what it tells us about the
practitioners and their knowledge-space, the outlook with which the practitioners tackle a
particular technological problem becomes of primary interest. To solve such problems

practitioners must, first, identify the relevant aspects of the problem to, then, create and apply

S., Wallace, K.M. and Blessing, L.T. 2003. Understanding the differences between how novice and
experienced designers approach design tasks. Research in engineering design, 14(1), pp. 1-11; Cross, N.
2001. Designerly ways of knowing: Design discipline versus design science Design issues, 17(3), pp. 49—
55; Dorst, K. 2006. Design problems and design paradoxes. Design issues, 22(3), pp. 4-17; Dym, C.L. et
al. 2005. Engineering design thinking, teaching, and learning. Journal of Engineering Education, 94(1),
pp. 103-120; Eilouti, B.H. 2009. Design knowledge recycling using precedent-based analysis and
synthesis models. Design Studies, 30(4), pp. 340-368; lJiang, Y. and Chun, M.M. 2001. Selective
attention modulates implicit learning. The Quarterly Journal of Experimental Psychology: Section A.
54(4), pp. 1105-1124.

188 For example: Kuhn, S. 2004. Evolutionary perspectives on technology and technological change. World

Archaeology, 36(4), pp. 561-570; Schiffer, M.B. 2004. Studying technological change: A behavioral
perspective. World Archaeology, 36(4), pp. 579-585.

189 For example: Martin, C. 2001. De-particularizing the particular: approaches to the investigation of well-
documented post-medieval shipwrecks. World archaeology, 32(3), pp. 383—399.

190 For example: Smith, P.H., Meyers A.R.W. and Cook H.J. 2014. Ways of Making and Knowing: The
Material Culture of Empirical Knowledge. University of Michigan Press.

%1 Dosi, G. 1982. Technological paradigms and technological trajectories: a suggested interpretation of the
determinants and directions of technical change. Research policy, 11(3), pp. 147-162 (p. 148).
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appropriate knowledge. Hence, the goal of the researcher should be to identify what the problem
is, as understood by the practitioner. Once the problem is identified, it should become possible to
better understand the knowledge created and the technological solutions to which such
knowledge leads. The final goal should be to understand the particular world view of the social

group responsible for the technology being researched.

One of the challenges of studying the design paradigm of traditional shipwrights is the well-
established theory that relates the assembly sequence of the hull with design-paradigm and by
extension with a particular world view and social arrangement (chapter 2). Following Dosi’s
definition of paradigm, this research attempts to define the outlook of early modern pre-
engineering shipwrights towards the technologically challenging task of designing a ship. In
particular, what aspects of ship design were perceived as relevant by shipwrights as reflected in

the knowledge they created to solve the challenge.

In the field of architecture and the craft of the stonemason the role of geometry and practical
tools as a means of facilitating the storage and transmission of knowledge leading to the
construction of buildings and other structures is well established.? If traditional craftsmen did
not find a way of recording past experience —which memory alone cannot do—to use it as the
basis of future technological devices, the need to re-invent the wheel would present itself time
and time again. Thus, rules-of-thumb based on geometry and proportion made it possible to store
and transmit the knowledge in the stonemason’s craft and other crafts, such as the construction
of machines or musical instruments, for example.®® Similarly, shipwrights willing to create ships,
by building on past experience, would have required a means to store information about past
design. By analysing the basic needs of such a method from the perspective of the present author
—a modern naval architect—, for such a storage method to be successful, it would have to provide
the means to store two very different aspects of a ship. These are, the physical configuration of
the ship on the one hand, and its three-dimensional shape on the other. Each, in turn, pose

distinct challenges with respect to how such information can be stored and transmitted.

192 salas, J.F. 1996. Geometria y funcién estructural en canteria. La canteria y la estereotomia de la piedra
en el aprendizaje del arte de construir y otras consideraciones. In Actas del Primer Congreso Nacional de
Historia de la Construccion, p. 21; Turnbull, D. 1993. The ad hoc collective work of building Gothic
cathedrals with templates, string, and geometry. Science, Technology and Human Values, 18(3), p. 317.

133 Birkett, S. and Jurgenson, W. 2001. Why Didn’t Historical Makers Need Drawings? Part I-Practical
Geometry and Proportion. The Galpin Society Journal, p. 244; Birkett, S. and Jurgenson, W. 2002. Why
Didn’t Historical Makers Need Drawings? Part II: Modular Dimensions and the Builder’s Werkzoll. The
Galpin Society Journal, p. 184; Guzzomi, A.L., Maraldi, M. and Molari, P.G. 2012. A historical review of
the modulus concept and its relevance to mechanical engineering design today. Mechanism and
Machine Theory, 50, p. 7.
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The physical configuration would contain information about the actual physical ship itself. Most
prevalent would be information about the structure of the ship (arrangement and sizing of
elements), of its rigging (arrangement and sizing of elements) and other necessary fittings and
technological devices required for the ship to function correctly (e.g. control devices such as
rudders or steering oars; installations such as galleys or living quarters). All these can be touched,
felt, measured or weighed by the shipwright. Hence, the information can be specified and stored
in templates, story-sticks,!%* traditional recipes, complex design functions which can be
committed to memory or recorded in documents and books. The information contained in these

storage methods can be recalled by the shipwright in order to create a new design.

However, the other important aspect of ship design, three-dimensional hull shape, poses very
different challenges, especially at a period when methods to record three-dimensional shape on
drafted plans had not been developed yet (chapters 4-5). Shape is abstract in nature and hence,
not easy to measure and specify. However, shape is seldom arbitrary and most human made
artefacts conform to a certain typological order where objects share common characteristics of
physical features and form. In shipbuilding, basic performance characteristics of the ship such as
buoyancy and stability are influenced by hull-form. As a result, the control of hull shape must
become one of the principal preoccupations of any shipwright. Moreover, in a context where
shipwrights lacks the analytical means to predict the performance of the ship being built, the only
way of guaranteeing a certain level of performance comes from repeating past designs or, at
least, on basing the new design on previous known examples. Thus, in parallel to the storage of
the physical fabric of the ship (above) the shipwright must find a way of storing the three-
dimensional shape of the hull. Developing such a storage method which allows three-dimensional
shape to be remembered, in order to provide a common method of communication with others,

must be necessary for most, if not all, shipwrights.'%

This research has approached the problem of defining the three-dimensional shape of hulls by
early modern shipwrights with two premises. One which assumes that all shipwrights, irrespective
of their building traditions, must be aware of the importance of hull shape in the performance
characteristics of the ship. A second premise would be that one does not require any inherent

cognitive superiority in order to be able to design the shape of a ship. In other words, there is no

134 A story stick is a piece of wood or similar material in which the worker inscribes the principal dimensions
of an object and its features for future reference (Walker, G. R. and Tolpin, J. 2013. By Hand and Eye.
Fort Mitchell, KY (USA): Lost Art Press, p. 4).

195 See chapters 4, 5 and 7 for a discussion in the different mechanisms used to store information regarding
hull shape.
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reason to suspect that the cognitive abilities of shipwrights would be above those of other
craftsmen. Certainly, it is possible that extremely skilful shipwrights might have built successful
ships based only on their inherent ability for the job. However, without a means to store the
information devised by such a genius, it is not possible to transmit it to others or future
generations. Thus, it would die out. Based on these premises, this research has approached the
design methods of the early modern period by assuming that, in common with similar strategies
used in other crafts, the main motive for the existence of these methods must be to serve as
storage devices for three-dimensional shape. Thus, allowing shipwrights to accumulate the
complex three-dimensional shape of a hull on a simple device, a design recipe, which can be
stated in a few words, and can be stored and, most importantly, transmitted by recording a

relatively small number of parameters.

Another important outlook of this research is that the contents of the treatises that will be
analysed do not imply, necessarily, a constant improvement of technology and technological
knowledge; one that is based on optimum and efficient solutions. Technological practice rarely
behaves in this manner. It often follows paths which may lead to sub-optimal solutions, or to the
survival of theoretically obsolete solutions, that may be satisfactory to its users.’®® As a
researcher, the study of these design-tools and technological choices becomes a primary goal as a
means of studying the cultural landscape.'®” The treatises analysed in chapters 4-5 have been
approached from a practical point of view, focusing on the potentially practical value of the

information contained in them.

3.2 Shipbuilding treatises. A window into past practical knowledge

In chapter 2.2.3.3, shipbuilding treatises have been described as sources that could be used to
characterise the knowledge of early modern shipwrights engaged in the design of ships. This
section will give a brief overview of the type of knowledge that is contained in these treatises and

the methodology followed in this research to extract the knowledge from them.

1% Baumol, W.J. and Quandt, R.E. 1964. Rules of thumb and optimally imperfect decisions. The American
economic review, 54(2), p. 23; Harley, C.K. 1973. On the persistence of old techniques: the case of North
American wooden shipbuilding. The Journal of Economic History, 33(2), p. 398; Wright, G. 1997.
Towards a More Historical Approach to Technological Change. The Economic Journal, 107(444), pp.
1560-1566 (p. 1564).

197 Sillar, B. and Tite, M.S. 2000. The Challenge of ‘Technological Coices’ for Materials Science Approaches in
Archaeology. Archaeometry, 42(1), pp. 2-20.
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In 1578 William Bourne wrote his treatise called A booke called the treasure for travellers (figure

14).1%8 At the end of the Third Book he enumerated the ideal characteristics required from a ship

in order to be of practical use and the manner in which the shipwright could ensure that the ship

had those features (figure 14). He wrote:

199

Wherefore thus much | have sayde as touchinge the moulde*” of Shippes, as concerning

theyr qualyties, as thus: a Shippe that hath Tucke or Runne ynough, wyl steare well:>® a
Shippe, that doth hange well of on the nayle above the water, wyll beare a good sayle?°:
a Shippe that doth draw a reasonable good drafte of Water, and well wayed forwardes,
wyll sayle well by the winde:*°* and beinge well bowed and not to fatte buttocked, **

wyll goe well a head the sea, and also ryde well at rode, and also wyll hold well at the

198

199

200

20

s

202

203

Bourne. A booke called the Treasure for traveilers. Third book 21-22.
Moulde: mould or more generally —in the context of Bourne's text— shape.
Tucke and Runne: Tuck and run.

The tuck and the run are the extreme forward and aft areas of the bottom of the hull respectively. Both
have an influence on the flow of water around the hull and, consequently, on its performance; in this
case on how the ships steers.

a Shippe, that doth hange well of on the nayle above the water, wyll beare a good sayle: With this
expression Bourne seems to be suggesting a ship that is stable enough when floating in the water (by
imagining it to be hanging of a nail; like a pendulum perhaps?), can carry its sails properly, or as Bourne
says beare a good sayle, as it will be able to counteract the heeling forces imposed by the sails.

Drafte: draught. The draught of a ship is the dimension that measures its depth below the water.

In this sentence Bourne is describing that, in order to sail by the wind, a ship requires to have sufficient
draught and also should be well wayed, or shaped, forward. It is unclear to what point of sail he may be
referring to, although it would seem reasonable to assume that he is referring to sailing into the wind, or
upwind.

well bowed and not to fatte buttocked: well bowed and not too fat buttocked.
These are references to the shape of the hull at the forward end of the ship, the bow.

In this sentence Bourne indicates that the ship should be shaped in such a manner that it is sufficiently
full (or fat) forward, at the bow. However, he warns that a shape that is too full (or fat buttocked) can be
counterproductive.
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Sea loose.?** and floty Shippes that steere well and wyll beare a good sayle, wyll sayle

well,?® then ynde beyng large .etc. And thus | doe ende this thyrde Booke.etc.?%

Bourne had a clear idea of what characteristics were desirable in a ship and, most importantly,
that all these characteristics were dependant on the three-dimensional shape of the hull.
However, the text also points at the limitations of the technological knowledge of the period.
Although the ideas expressed by Bourne are correct in qualitative terms —as abstract ideas of
general trends and concepts— they fail to provide quantitative information that may be used by
the shipwright. The reader is told that ships should have enough tuck or run; they should have a
reasonable draught; they should be well shaped, well bowed and with buttocks that are not too
fat. In conclusion, they should be shaped and proportioned correctly so that the result is a ship
that sails well. Unfortunately for the reader the text gives no indication of how much tuck or run is
considered enough; or, what constitutes a reasonable draught; what is considered by the author
to be the shape of a good bow or buttocks that are not too fat. Unfortunately for Bourne and
contemporary shipwrights and scholars, the development of theoretical knowledge of the period
did not allow more precision. However, lacking a theoretical framework that explained the

207

performance”’ of a ship in the water did not prevent the development of practical procedures

204 If the ship is made with the right amount of fullness, it will sail well into a head sea. Although Bourne
does not explain why this would be the case, it is clearly a consequence of the fact that when a ship with
a very full bow is driven against incoming waves it tends to slam hard. On the other hand, a finer ship
will have a softer ride as it will not tend to pound so hard if driven against incoming waves. However, if
the bow should be made too fine, it would not provide sufficient buoyancy to lift to incoming waves and
it would tend to plunge, dangerously, into them.

Similarly, when a ship is at anchor —the rode Bourne refers to is the anchor rode or the line (rope) that
attaches the ship to the anchor— the ship normally lies facing the wind and oncoming waves. Thus, if the
bow is too full the waves and wind will exert higher forces against the ship than if it were to be shaped
with a finer bow. These high forces could make the anchor drag or put too much strain on the rode,
deck gear etc. In general, it is a circumstance that should be avoided.

Finally, another reason to shape the hull with a sufficiently full bow is given by Bourne who says that
such a shape will hold well at the Sea loose. This could very well refer to the practise of letting the ship
run the storm, without sails, or with very limited sail area, often by dragging lines (ropes) and objects
behind the ship. The combined drag of the lines being towed and the wind and wave pressure result in
the ship travelling (in a more or less controlled manner) in the general direction of the wind and waves,
whilst taking the waves by the stern.

205 |n this final sentence Bourne summarises all. If the term floty is understood as floaty or buoyant ships,

Bourne is simply saying that buoyant ships that steer well and have enough stability to be capable of
bearing sufficient sail area will be good sailors. In other words, they will be good ships.

206 Bourne. A booke called the Treasure for traveilers. Third book 21-22.

207 1 the context of this document the term performance will be used to refer to the most basic behaviour

of a ship in the water: its ability to float and its ability to stay upright or stability.
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that allowed shipwrights to produce ships that behaved in a satisfactory manner as it will be

shown.

At the time when Bourne's treatise was printed, Mathew Baker wrote his famous manuscript,
known as Fragments of Ancient English Shipwrightry (c. 1580)2° which is said to be one of the first
works where it is possible to see the incipient application of science and mathematics in ship
design.?% Shortly after Diego Garcia de Palacio published his Instruccién Nautica in Spanish
(1587), a treatise that is generally considered the first example of a treatise where the method

followed to shape the hull is shown in printed form.'°

These manuscripts and printed treatises had been preceded by unpublished manuscripts, of
Italian (15" century) and Portuguese origin (16" century), which have been used to create a
narrative of the development of the knowledge required to design a ship in post-medieval
Europe. The first written accounts are of Venetian origin, thus suggesting that the ship design
methods described in them might have originated there.?'! However, others have suggested that
these methods may have an earlier Greek origin.?!? This knowledge would have made its way to

213

the Iberian Peninsula from where it could have expanded to northern Europe,*** although a direct

route from Venice to northern Europe has also been considered.?'

Eventually, new treatises were published during the 17" and 18™ centuries in all major European

languages, some of which will be analysed in chapters 4-5.

208 Baker. Fragments of Ancient English Shipwrightry. Pepys Library MS 2820. Magdalene College,
Cambridge.

209 For example: Ditta et al. Albrecht Diirer and Early Modern Merchant ships, p. 95; Johnson. Making

mathematical practice: gentlemen, practitioners and artisans in Elizabethan England, p. 108; Rose. Digs
and Documents: Gaps in our knowledge of medieval shipping, p. 72.

210 Rieth, E. and Burlet, R. 1988. Essai de restitution d’un batiment de 400 toneladas, d’aprés Diego Garcia

de Palacio (1587). Histoire and Mesure, 3(4), pp. 463—489 (p. 466); Rivera, F.T. 2009. El libro y los
saberes practicos: instruccion nautica de Diego Garcia de Palacio (1587). Mexico: Universidad Nacional
Autonoma de México, p. 82.

21

[

Alertz,U. 1995. The Naval Architecture and Oar Systems of Medieval and Later Galleys In R. Gardiner
(ed), The Age of the Galley. Mediterranean Oared Vessels since Pre-classical times. London: Conway, pp.
142-62; Rieth. Le Maitre-Gabarit la Tablette et le Trébuchet, pp. 133-148; Steffy. Wooden Ship Building
and the Interpretation of Shipwrecks, pp. 93—-100.

212 Hocker, F.M. and McManamon, J.M. 2006. Mediaeval shipbuilding in the Mediterranean and written

culture at Venice. Mediterranean Historical Review, 21(1), p. 3.
213 Adams. A Maritime Archaeology of Ships, p. 74.
214 Adams. A Maritime Archaeology of Ships, p. 71.
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3.2.1 Methodological approach to identify the knowledge contained in the

treatises

Traditionally, the main investigative methodology used to document changes in ship design
approaches during this period has been to analyse the different methods described on some of
the treatises published during this time.?*> Archaeological material, where available, has been
used to corroborate the use of the methods described in the treatises.?'® The analysis and
interpretations of these treatises is not always easy. Not all treatises are complete and most were
written for a readership that was already familiar with the matter being described. As a result,
many concepts and ideas are not described fully. Despite these difficulties, the idea of a linear
transformation of the design methods following logical pathways of ever increasing complexity
and sophistication, which must have resulted in better ships, has taken hold.?!” However, this
research approaches the evidence differently in order to provide a more nuanced view of the
technological background in which early modern shipwrights designed their ships. The main
premise that drives this research is the belief that, often, the analysis of these treatises has been

conducted following a flawed methodology (see chapter 6).

The conclusions one gets from analysing data set is, very often, determined by the (metaphorical)
lenses one wears to look at the data. In this particular case, arguably, this matter has been
approached with a set of lenses that focus on particularities that mark differences between the
contents of the treatises (chapter 6). Thus, a complex account of the development of ideas and
knowledge has emerged that explains the stepwise progression from one set of ideas, from one
body of knowledge, to the next; where complex methods substitute more simple and less
sophisticated methods. This research would like to approach the treatises with a different set of
lenses which focuses on the common traits, rather than the particularities, in search of the
knowledge underlying the design approach. In order to do so, a number of primary sources have
been analysed producing a more nuanced view of the knowledge used by early modern

shipwrights to shape their ships and the development, or stasis, of such knowledge over time.

215 steffy. Wooden Ship Building and the Interpretation of Shipwrecks, p. 93.

216 Adams. A Maritime Archaeology of Ships, p. 141; Bojakowski, P. and Custer-Bojakowski, K. 2017.
Warwick: report on the excavation of an early 17th-century English shipwreck in Castle Harbour,
Bermuda. International Journal of Nautical Archaeology, 46(2), p. 290; Loewen, B. 1998. Ships and
Shipbuilding, p. 47.

217 For example: Steffy. Wooden Ship Building and the Interpretation of Shipwrecks.

55



Chapter 3. Theoretical approach

Following the same logic, it was felt that limiting this research to the 17" century created an
artificial boundary that could not be justified. Consequently, it was decided that this research had
to analyse treatises and shipbuilding traditions where the same conceptual approach had been
followed. For this reason, this research includes historic and archaeological materials that extend
from late antiquity to the 19" century supported by 20%™-century ethnographic research. Most of

the research, however, will be centred on the early modern period.

If one focuses on the particularities of the methods described in the treatises, no two of the
treatises analysed describe the same ship design method. Some methods use simple geometry to
define the shape of the hull; others use mathematical approaches. The methods described in
some treatises are fully graphical, while full non-graphical approaches are also defined in others
(chapters 4-5; tables 1-2).%'8 Their approach is often, seemingly, so different in the details as to
suggest that different cognitive processes have been followed by their writers. For example, some
methods appear highly practical, only needing a simple tool like a compass to develop the shape
of a hull. On the other hand, others appear highly mathematical, needing numerical dexterity to
develop the shape of a hull. Thus, this research tries to identify the commonalities or differences
in the design paradigms of the treatises in order to identify the possible development or stasis of

ship design knowledge during the period under consideration.

As a methodological approach it was felt that focusing on the particularities of each of the
treatises acts as a distraction from the common knowledge contained in them. Consequently, this
research would focus on the conceptual approach to ship design described in the treatises,
leaving aside the particularistic minutiae of the treatises. This simple idea —that minutiae must be
ignored in order to concentrate on the core abstract knowledge— is simple to state. However,
what constitutes a core idea or an irrelevant detail is, necessarily, a subjective concept that
requires some clarification. Therefore, the following example —which compares two cooking
recipes supplied by two individual bakers— will be useful to help understand what is meant by

irrelevant minutiae and what is meant by relevant knowledge in the context of this research.

3.2.1.1 The knowledge contained in a recipe

Let us imagine that two different bakers supply us, each with a recipe for making bread. In the
recipe the two different bakers describe a process that starts by kneading a ball of dough made up

of, mainly, flour, water and yeast in certain proportions. After kneading it to a given consistency

218 The methods of ship design shown in the different treatises will be discussed in chapters 4-5 of this
document.
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the dough is left aside for a certain time before being introduced in an oven to bake at a given
temperature and for a specified amount of time. However, one of the bakers uses a tin mould to
hold the dough while it is baked. Meanwhile, the other places the ball of dough directly on the
bottom of the oven without any external mould. Other differences would also be described in the
written recipes: for example, type of flour, amount of salt, oil/fat content; proportions between
the main ingredients; other additives; baking temperature and time; or the type and design of the

oven.

Having read and compared both recipes, one could ask the following questions:

1. Are both recipes the same or are they different?

2. What sort of knowledge is contained in the recipes? Is it a common knowledge or does

each baker have a different knowledge?

To the first answer most would answer that both recipes are different, after all, one describes
how to bake bread in a tin mould, while the other describes how to bake a loaf of bread without a
tin mould. Also, there are numerous differences in the ingredients and processes described.
Hence, it could be safe to assume that both recipes were, in detail, different from each other.
Additionally, if the two recipes originated from bakers from different time periods and
geographical origins, the idea of distinctive recipes transmitting distinctive knowledge, a different

paradigm, would be strengthened.

However, if one analyses the recipes in order to answer the second set of questions, the result
would be different. Both recipes are clearly recipes for the same thing: bread. Moreover, if one
looks at the knowledge contained in both recipes one has to conclude that the knowledge is, in
essence, the same: in order to make bread, one needs to mix flour, water and yeast (other
additives being optional). The mixture must be kneaded and left to prove in order for biochemical
processes of fermentation to start (although the bakers may not know that such a biochemical
process is happening and all they see —and observe as important- is the ball of dough growing in
size). And, after a period of rest, the dough must be baked in an oven for the process to end. Both

bakers share what is, in essence, a common knowledge or paradigm.

From the example above it might be appreciated that, depending on the focus of attention, two
different pictures might be obtained. On the one hand, it could be argued that each baker had
distinctive knowledge that represented a different paradigm on how to make bread. On the other
hand, it could also be said that both shared a common paradigm. Which of those pictures is a
correct representation of the real knowledge of the bakers becomes relevant if one is to interpret

a hypothetical exchange of information between them.
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Let us imagine that each baker tries to make bread in the style of the other baker and that the
idea of two distinct paradigms was considered to be correct. In this case, the researcher would
conclude that in order to reproduce the other baker's recipe it would require to make a large
mental adjustment as it would require to learn a new recipe, which is said to represent a different
paradigm. Such a change in paradigm would require a very precise set of instructions. Every
ingredient should be described and specified and the process would have to be specified with
precision (temperatures, times, consistencies of mixtures and so on) if the process were to be

successful. The exchange of information would require complex levels of information exchange.

Our understanding of the process of information exchange would be very different if the idea of a
common paradigm is assumed to be correct. In that case, it would be very easy for one of the
bakers to ask the other about his/her process of making bread. The exchange of information from
one to the other would have to be minimal as both shared a common paradigm as described
above, where the differences would be in the details and not in the core conceptual knowledge.
As a result, with minor adjustments, it would be easy for one baker to reproduce the recipe of the
other baker. Both being proficient and having the same paradigm or knowledge base would help
them in the exchange and acquisition of new knowledge, so much, that it is not difficult to
imagine that such an exchange of information could happen without the need for words or a
common spoken language. Careful observation of the other baker whilst making the bread would
suffice for any of the two bakers, as they would already have the knowledge and they would only
have to make adjustments to their manner of making bread. The differences in their respective
recipes do not represent any real difference in the knowledge, thus, the exchange of information

does not require any change of paradigm.

3.2.1.2 The relevance of the researcher’s focus of attention

The examples above serve to illustrate how the outlook of the research —focusing on details or in
general concepts— leads to a different interpretation when, for example, the exchange of ideas
between different practitioners of a craft is studied. This research will suggest that a particularistic
approach that focuses on the differences is not a satisfactory way of analysing a particular

technological paradigm like ship design.?'® Interestingly, this particularistic approach, has been

219 This does not mean that details should always be ignored in favour of general concepts. Often what may
seem like an over-particularistic focus on a seemingly unimportant feature may open the way to
understanding the adoption of a new technology with the social changes that this brings (Adams. A
Maritime Archaeology of Ships, p. 89).
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used most prevalently to analyse the contents of shipbuilding treatises. Such particularistic

approach seems to lead to an erroneous conclusions that will be discussed in chapter 6.

This research has focused on the abstract conceptual approach to hull design. Each treatise has
been approached with an objective in mind: to identify the cognitive mechanism by which
shipwrights of the period ensured that the ship would have a certain shape. What was the form of
such a cognitive mechanism? How was it used and transmitted? In essence what was the

220 3 ship and how was it described in each of the treatises?

knowledge required to design
Understanding the essence of this knowledge would provide an insight in the technological

transformations that happened during the period of interest.

3.2.2 Authors, users and purpose of the treatises?

In the following chapters a number of design treatises will be analysed to provide information
about the design-knowledge described in them and the development of such knowledge over
time. However there is another interesting aspect that the research will focus upon. This focus
will try identify the social groups who wrote and read these treatises. Several questions come to
mind (see chapter 2). Is it true that these treatises were written for the self-aggrandisement of
their writers as it has often been said? Similarly, does it hold true that these treatises were of no
real use for the practical shipwright? Did science and higher mathematics play any role in the
development of the knowledge stored in the treatises? Did those treatises describe a type of
knowledge that was prescriptive and thus reduced the liberty of action of the practitioner? In

other words, who wrote these books and what and who were their objectives.

When reading these early treatises, it must be remembered that the complex information
contained in them —as is the case of shipbuilding treatises— might not have been interpreted or
understood equally by all readers or users of those treatises, or that the contents of the treatise
might have been written in such a manner as to make them more useful for the intended
readership. Thus, a treatise with simple information would not necessarily be indicative of the
knowledge of the writer. It could be indicative of the manner in which the writer tried to transmit

the message successfully to a particular readership.??

220 |n the context of this research, design does not mean a graphical representation. It is understood in
more general and abstract terms as the idea in the shipwright's (or naval architect's) mind, who defines
it in such a way that, by the use of tools, materials, and a series of practical actions, results in the
construction of a ship. (Hocker. Shipbuilding: philosophy, practice, and research, p. 4.)

221 This problem was put forward very clearly in the introductory pages of the Ashley Book of Knots, written
in 1944, which describes graphically and in text how to tie and use more than 3800 knots:
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Early treatises can be compared to two types of modern publication. They are ‘how-to’ manuals
and reference books. There are marked differences between both types of publication, both in
style and in content. How-to manuals usually give a basic understanding of a problem and, as the
name implies, the manner in which the reader can solve the challenge (figure 15). The
information is given, generally, in different media (e.g. text and images) so that readers may
extract it using their preferred means. However, the most noteworthy aspect of a how-to manual
is that the information is given in a step-by-step manner, without theoretical disquisitions, so
that, by following a series of steps, the reader can accomplish the result that the manual
promises. Reference books, on the other hand, describe knowledge in a deeper and abstract
manner, defining general concepts from which the reader can extract the information required
for a practical application. Thus, generally, reference books are written for very specific readers

with a degree of assumed knowledge and expertise.???

Chapters 4-5 will show clearly that the treatises that will be analysed can be compared to modern
how-to manuals and not to reference books. Their contents are arranged in such a manner that
the material can be read and applied in a step-by-step fashion, without theoretical discourses. It
will become apparent that their aim is not to introduce theoretical knowledge. On the contrary
their aim is to explain, normally by way of a particular example, a practical method that will

produce a ship shape.

‘Methods of tying will be demonstrated with progressive diagrams in such a manner that it is hoped
they can be followed without recourse to the text.

This, however, may not suit all readers, for there are some people to whom diagrams are an
annoyance. There are others to whom an arrow or the printed letters A and B savor of higher
mathematics. On the other hand there are some who are irked by written or printed directions of
any sort. Sometimes, with the latter, it is possible to have another person read aloud the directions.
This alters the situation for them, since they can follow oral directions with ease. Apparently it is only
the printed pages that balk them.” Ashley, C.W. 1944. The Ashley Book of Knots. London: Faber and
Faber, p. 9.

222 For example, in the opening paragraph of one of the most important mid-20th century references in
hydrodynamics:

‘It is taken for granted that one who reads or uses this book possesses a background of knowledge
comprising those phases of mechanics and hydrodynamics that are taught in undergraduate college
courses or that are adequately covered in standard textbooks and other works of reference, readily
available to all naval architects and marine engineers.” (Saunders. Hydrodynamics in Ship Design.
Volume 1, p. xxii.)
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3.3 Closing remarks

The purpose of this chapter was to present the theoretical boundaries that have guided this
present research. By using Dosi's definition of technological paradigm this research attempts to
define the outlook of early modern shipwrights towards the technologically challenging task of
designing a ship and, most crucially, define the knowledge created towards guaranteeing a
successful process of conception of hull shape. It has been argued that in the search of the shared
knowledge of pre-engineering shipwrights, the focus must be placed on the common traits of
each of the treatises and not on their differences. This, which is a personal choice of the
researcher, will produce different results when interpreting the processes transmission of

knowledge that took part during the early modern period.
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Chapter 4: 16'™ and 17" century treatises

Chapters 2 and 3 served to establish the nature of ship design processes and paradigms against
the backdrop of maritime archaeological/historical study. In doing so, a number of key themes
were raised around the manner in which the ideas about methods of conception and construction
of hull shape have been linked directly to social organisation. Some of these ideas will be criticised
on chapter 6. However, in order to fully appreciate the justification for these criticisms —and
bearing in mind that the reader may not be familiar with the contents of the treatises— the focus
must now turn to the treatises themselves in chapters 4 and 5.2% The analysis of the treatises will
be used to set the scene for chapters 6 to 8 where the prevalent narrative will be criticised and
new ideas will be offered to provide a nuanced description of the knowledge of early modern

shipwrights.

Chapters 4 and 5 will cover ship design treatises and written accounts from the earliest
manuscripts to the late-19™" century, when the last of the treatises written following a pre-
engineering design paradigm where produced (tables 1-2). The treatises are shown in
chronological order with the exception of the treatises that discuss Dutch ship design which
describe a different approach to design. They are included in a separate section at the end of the

chapter.

4.1 Italian treatises

This short description of Italian ship design treatises is based on secondary information. However,
itis included as it provides the starting point for the chapter as the first known written treatises

are of Italian origin.?**

Early Venetian treatises do not describe the process in as much detail as the treatises that will be

analysed in subsequent sections. However, they provide sufficient detail to extract from them the

223 Most of the treatises analysed in chapters 4-5 are included in the accompanying DVD.

224 pAlertz. The Naval Architecture and Oar Systems of Medieval and Later Galleys, pp. 142—62; Anderson, R.
C. 1925. Italian Naval Architecture about 1445. The Mariner's Mirror Vol. 11 (2); Bellabarba, S. 1996. The
Origins of the Ancient Methods of Designing Hulls: a hypothesis, The Mariner's Mirror 82.3, pp. 259-68;
Lane, F.C. 1934. Venetian naval architecture about 1550. The Mariner’s Mirror, 20(1), pp. 24-49; Steffy.
Wooden Ship Building and the Interpretation of Shipwrecks, pp. 93—100; Rieth. Le Maitre-Gabarit la
Tablette et le Trébuchet, pp. 133-148.
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approach to shaping the hull followed by Venetian shipwrights of the period.??> The method to
shape the hull is conceptually simple. In order to produce the shape of the hull the shipwright
determined the shape of the master section, as well as the shape of the stem and sternpost. With
a template made to the shape of the master section, the shipwright could obtain the shape of a
large portion of the frames in the hull by a process of transformation of the template regulated by
narrowings and risings.??°The conceptual process of shaping the hull has been explained in section

2.2.3.4.

This manner of designing the shape of the hull by rising and narrowing a master template will be
constant throughout the treatises analysed in this document. Venetian design practices are no
different in this respect. However, the manner in which the Venetian manuscripts define the
shape of the master frame and other curved elements of the hull differs when compared to
subsequent treatises. Venetian treatises describe their shape as a series of coordinates or offsets
whereas in later treatises these elements are described as a series of geometrical constructions.
There are two views to the significance of this particularity of Venetian practices. Some scholars
interpret that the Venetian method of design was based on geometry and the offsets were just a
manner of storing the shape of the hull.??” Others, on the other hand, consider that these design
methods were based on some mathematical rules that defined offsets, without geometric

constructions based on arcs of circles.??®

In his study of the 15'™-century manuscript known as The Book of Michael of Rhodes, Mauro
Bondoli concludes that the information contained in this treatise should not be considered a
description of the design methods and additional information regarding navigation or
mathematics contained in the treatise. Rather, it should be interpreted as a compilation of

knowledge, obtained from different sources. Thus, with respect to the shapes of hulls shown in

225 steffy. Wooden Ship Building and the Interpretation of Shipwrecks, pp. 96-7.

226 Alertz. The Naval Architecture and Oar Systems, p. 146; Lane. Venetian naval architecture about 1550, p.
29; Hocker, F.M. and McManamon, J.M. 2006. Mediaeval shipbuilding in the Mediterranean and
written culture at Venice, p. 2; Steffy. Wooden Ship Building and the Interpretation of Shipwrecks, p. 97.

227 Barker, R. 2003. Whole-moulding: a preliminary study of early English and other sources. H. Nowacki

and M. Valleriani (eds), Shipbuilding Practice and Ship Design Methods from the Renaissance to the 18t
Century. Max Planck Institute for the History of Science. Preprint 245, p. 43

228 steffy. Wooden Ship Building and the Interpretation of Shipwrecks, p. 97; Lane. Venetian naval

architecture about 1550, p. 28; Alertz. The Naval Architecture and Oar Systems p. 144; Barker, R. 1998.
Sources for Lusitanian shipbuilding. In Proceedings of the International Symposium “Archaeology of
Medieval and Modern Ships of Iberian-Atlantic Tradition”, Lisbon, p. 220; McGrail. Boats of the World, p.
164.
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the treatise, Bondoli concludes that the offsets used to describe the shape of the different curved
elements of the ships shown in the treatise, should be understood as a record of a shape —which
would have been obtained following an unidentified design procedure— and not as a graphical

description of the design method.?%®

Thus, in order to take a stand on these two different views a quick check was conducted on the
geometry of two structural elements of the 15" century Flanders galley. The sternpost of the
Flanders galley described in Regioni antique (2™ half of the 15" century) is analysed in figure 16,
which is based on the offsets obtained from the original manuscripts by Bondioli.?*° A grid with
the offsets was drawn in AutoCAD and a series of arcs were tried to find out if the offsets could
have been derived following a geometric construction based on arcs of a circle. A two-arc
construction (figure 16) matches very closely the offsets given in the text. The errors are small and
can be assumed to be acceptable with the tolerances of the measurements of the period and the
manner in which these measurements were probably recorded. A similar analysis of the figure
that describes the sternpost of the Flanders galley illustrated in The Book of Michael of Rhodes as
reconstructed by Bondioli shows, again, that a simple arc can be used to describe the figure with
great accuracy (figure 17). This would suggest that both elements could have been designed
following simple geometrical rules and constructions for which only a compass or a piece of string
was needed. The analysis of the master sections, on the other hand, produced inconclusive
results. Although, it could be reasonable to assume that the master frames of the hulls, could

have been designed following similar geometric constructions.

To summarise, Venetian ships were built after a process of design where geometry played a
leading role in the shaping of the main elements used to design the shape of the hulls. These are:
the shape of the end posts (stem and stern), possibly the master section, and the rising and
narrowing lines which controlled the transformation of the shape of the hull from amidships

towards the ends (figure 18-19).

229 Bondioli, M. 2009. Early Shipbuilding Records and the Book of Michael of Rhodes. In P.O. Long, D.
McGee and M. Stahl (eds), The Book of Michael of Rhodes. Volume 3: Studies. Cambridge,
Massachusetts, pp. 244-280 (p. 251).

230 Bondioli, M. 2009. Early Shipbuilding Records and the Book of Michael of Rhodes. In P.O. Long, D.
McGee and M. Stahl (eds), The Book of Michael of Rhodes. Volume 3: Studies. Cambridge,
Massachusetts, pp. 244-280 (p. 253).
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4.2 A booke called the Treasure for traveilers (William Bourne, 1578)

Full title: A booke called the Treasure for traveilers, devided into five Bookes or partes,
contaynyng very necessary matters, for all sortes of Travailers, either by Sea or by
Lande, written by William Bourne.

Author: William Bourne

Type of book: Printed

Year and place of publication: 1578, London.

Edition consulted: 1578

Language: English
Section 3.2 started with a quotation from A Booke called the Treasure for Traveilers which shows
that its author, William Bourne (c.1535-1582),%* had a well formed opinion of what
characteristics a good performing ship should have. In the preface, Bourne also specifies who the
intended reader of the treatise is. It was written to instruct those who were ‘simple and

unlearned’. 232

Treasure for Traveilers describes in five sections, called books, a body of knowledge of interest for
traveillers. This term identifies workers who travel and settle abroad and later return, bringing
with them great benefits to England.?*3* Among other subjects, the book discusses: celestial

navigation, surveying techniques, ship construction and navigation, and geography.

The section on shipbuilding deals with conceptual aspects of ship design. Although it does not
discuss the actual process of designing a ship, the treatise shows that during this period there was
a good understanding of basic hydrostatics —why bodies floated in water—and how this

knowledge could be applied to shipbuilding.

The author describes that a body will sink in the water until it has displaced the same amount of

water (in weight) as the weight of the body itself. 3% Based on this idea, which is none other than

231 G, L'E. Turner, ‘Bourne, William (c.1535-1582)’, Oxford Dictionary of National Biography, Oxford
University Press, 2004 [http://www.oxforddnb.com/view/article/3011, accessed 7 Aug 2017]

232 Bourne. A Book called the Treasure for Traveilers, The preface: to the reader (pages unnumbered).
Bourne himself had not received his education through university as other contemporary authors
writing about mathematics. Instead, he acquired his mathematical knowledge through reading, self-
study and the daily contact with practitioners who used mathematical knowledge, such as seamen, and
gunners (G. L'E. Turner, ‘Bourne, William (c.1535-1582)’, Oxford Dictionary of National Biography,
Oxford University Press, 2004 [http://www.oxforddnb.com/view/article/3011, accessed 7 Aug 2017]).

233 Bourne. A Book called the Treasure for Traveilers. The preface: to the reader (pages unnumbered).
234 Bourne. A Book called the Treasure for Traveilers : Book4, p. 3-r.
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Archimedes' principle, the conceptual approach to establishing the weight of a ship is clear to the

author:

Looke what quantitie of the Ship is buryed in the water, that is to say, from the edge of
the water downwards: then if there were a vessell or great thing made of the proportion
of the moulde of a Shyppe, as much as is buried in the water, if that were filled with that
water that the ship were in, the water shoulde be of iust equall waight, that the Ship

were of, with all her tackle and implements in her. #°

Bourne continues by observing that whether the ship is floating in fresh or salt water has an effect

on

how deep it will sink. He is correct in his observation and, also, when he observes that the

reason for this is the differences in weight —we would call it density— of the two types of water.

Bourne's interest is not only theoretical and, consequently, he describes three methods by which

the weight of a ship may be found. These methods are correct from a conceptual point of view.

However, they would only be useful to know the displacement of an existing ship and not as a

means of designing a ship with a certain displacement.?®

The importance of shape control in ship design is clear for Bourne:

[...] in the buildyng of Ships, the one of the pryncipal poyntes is this, the flowring and

quarteryng®®’ of them [...]*®

235

236

237

238

Bourne. A Book called the Treasure for Traveilers : Book4, p. 3-v.

Two of the methods are based on the same idea. The shipwright would measure the cross-sectional area
of certain sections of the hull below the waterline for which the ship had to be taken out of the water.
The next step would be to assess the distance in which this shape remains fairly constant and,
consequently, by multiplying the cross-sectional area by this length, the volume of this portion of the
hull could be found. The same approach could be followed for the rest of the hull by dividing it in as
many vertical planes as possible. Always treating the hull as a series of prisms for which the volume
could be calculated relatively simply. By adding the volume of all the prisms the true volume of the
submerged part of the hull could be found. The third method was a fully practical approach. The process
started by making a scale model of the ship as accurately as possible in solid wood. Following this, the
solid model would be wrapped by a sheet of malleable metal such as lead. Then, the lead shape could
be removed from the solid model and could be used as a container to be filled with water. Bourne
argued, correctly, that the weight of this water could be used to calculate the weight of the full sized
ship by applying the correct scaling factor.

The ‘flowering’ refers to the floors, or the bottom area of the hull close to the keel. This could be related
to the modern term called deadrise angle which describes the fullness or sharpness of the transversal
sections of the hull. ‘Quartering’ refers to the quarters, or ends of the ship. Both aspects of a ship's hull-
form will have an effect on the hydrostatic and hydrodynamic characteristics of the ship.

Bourne. A Book called the Treasure for Traveilers. Book 4, p. 4-r
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... orin modern terms: one of the principal points on building a ship is how its bottom is shaped.

Bourne is aware that not all hull forms are suitable for all circumstances, thus explains —in very
general terms— that ships should be shaped according to their intended use. It is during these
explanations that the author concedes that he is not ‘a ship carpenter, neither usual Sea man’. #°
However, his lack of practical experience in the actual construction of ships does not decrease the
importance of this treatise as a testimony of certain theoretical knowledge and practical
procedures that were possible at the time. Bourne does not give the impression of describing new
knowledge or some obscure knowledge that was not known at the time. Hence, it would seem
that Archimedes' principles which describes why ships float were well known at the time, and that
they had not been lying dormant for two millennia —as stated by Nowacki— until it was

rediscovered by Flemish/Dutch mechanicist and engineer Simon Stevin in the late 1500s.%*°

Although Bourne considers that it is easy to estimate the weight of a ship by calculation or the
practical methods he describes, in reality, his methods would have had very limited practical use.

This will be a constant through history, as the analysis of subsequent treatises will show.

4.3 Fragments of Ancient English Shipwrightry (Mathew Baker, c.1580)

Full title: Fragments of Ancient English Shipwrightry
Author: Mathew Baker

Type of book: Unpublished manuscript.

Year: c.1580

Edition consulted: Original manuscript (MS 2820) and transcript in the Pepys Library,
Magdalene College, Cambridge

Language: English
Fragments of Ancient English Shipwrightry —written at the end of the 16" century- is considered
to be the first shipbuilding treatises written in English that shows hull design methods. It is

attributed to Mathew Baker (1529/30-1613),%*! although parts of it were written by a second

239 Bourne. A Book called the Treasure for Traveilers. Book 3, p. 19-r.

240 Nowacki, H. 2006. Developments in fluid mechanics theory and ship design before Trafalgar. Max Planck
Institute for the History of Science. Preprint 308, p. 9.

241 James McDermott, ‘Baker, Matthew (1529/30-1613)’, Oxford Dictionary of National Biography, Oxford
University Press, 2004; online edn, Jan 2008 [http://www.oxforddnb.com/view/article/45684, accessed
7 Aug 2017].
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author, most probably John Wells, in the early years of the 17t century.?*? In contrast to the
treatises analysed below there is no facsimile or edited version available for consultation,

therefore, in order to check its contents the original of the manuscript was consulted.

Richard Steffy wrote that M. Baker applied superior mathematical skill in his designs.2*® This idea
would sit well in the current description of the technological trajectory from a craftsman’s
approach to ship design to that of a modern naval architect, with ever increasing use of
mathematics and science. However, an analysis of the text shows that M. Baker described
procedures that could be beneficial to mathematically skilled shipwrights as well as to those who
did not have a knowledge of mathematics. Thus on folio 21 of the original, M. Baker proposes a
method to plot a ship of a certain burden based on the scaling up or down of a previous design. It
was a method that required basic knowledge in arithmetic which, according to him, would be
useful to the learned shipwright, or to quote the original, ‘to him that has the use of the pen’.
However, in order to aid readers who may not be skilled in the arithmetic required, he provides

some graphical scales where the ratios and transformations can be read directly.

A second example of these two types of readership he might have been aiming at can be seen in
folio 33 of the original where M. Baker proposes methods to calculate the rising and narrowing of

the frames.
The method he describes, is defined as:

[a] mechanical demonstration [...] devised for the workman unskilled in mathematics

and geometry.2*

Thus it can be seen that the knowledge described in the manuscript could also be destined for

shipwrights who were not skilled in either geometry or mathematics (multiplication and division).

The manuscript is beautifully illustrated. However, it lacks a coherent order and a clear line of
argument within the text. It does not provide a description of the method of ship design that M.

Baker himself followed, or proposed others to follow, without a high level of interpretation from

242 Barker. Fragments from the Pepysian Library, p. 161.

243 For example, on this subject Steffy wrote that ‘Mathew Baker must have used his mathematical
dexterity to produce more accurate formulas for tonnage.’ (Steffy. Wooden Ship Building and the
Interpretation of Shipwrecks, p. 145). However, the formula used to justify the ‘mathematical dexterity’
of Mathew Baker was just as arbitrary as any of the many formulae for tonnage in vogue at the time
(see figure 41).

244 Baker. Fragments of Ancient English Shipwrightery. f33.
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the modern reader. However, from the drawings and some explanations within the text the
general approach to hull design can be established. The process is shown graphically in several

instances (figure 23).

The method relied on geometry and proportion. To design a ship, the designer would decide the
principal dimensions (length, beam, depth). With these he could shape the midship frame
following different graphic design methods based on simple geometry (figure 24). The shape of
the transversal frames of the hull could be obtained from the transformation of the shape of the
master section following some simple transformation rules. These rules were controlled by
several rising and narrowing lines that determined how the shape of the hull tapered as it
approached the ends of the hull. The shape of the rising and narrowing lines are based on arcs of
circle of a large radius, and folio 23 shows an example of the method that the designer could
follow to calculate the radius of the rising line from the distance from midship to the tuck and the
rising at the tuck. In common with the rest of the methods analysed in this document, the shape
of the hull depended directly on the shape of the master section and the rising and narrowing
lines that controlled its transformation. The ‘goodness’ of the hull depended on the ‘perfectness’

of the midship mould.?*

The manuscript was never completed. As a result, it does not explain the reasons behind the
variety of geometric methods used to define the shapes of the master frames shown in the
treatise (figure 24). However, this variety of midship frame shapes has focused the attention of
many scholars who, by a few references to dates and geographical references given by Mathew
Baker, or inferred from the text, use them to link geographic origins to certain midship frame
shapes,?*® or to describe an evolution in shapes and design methods from the middle of the 16

century to the early years of the 17t century.?¥’

Although Fragments of Ancient English Shipwrightry represents an invaluable document and a

necessary source of information, it lacks the coherence and clarity of text that other treatises

245 Baker. Fragments of Ancient English Shipwrightery. f. 34.

246 For example, in a discussion about a Venetian drawing showing a master frame drafted in 1619, Barker
hypothesises about the possible influence of English design practices based, solely, on the similarities
with one of the master sections shown in Mathew Baker’s manuscript (Barker, R. 2003. A Venetian Ship
Drawing of 1619. In H. Nowacki and M. Valleriani (eds) Shipbuilding Practice and Ship Design Methods
From the Renaissance to the 18th Century. Max Planck Institute for the History of Science, preprint 245,
p. 72).

247 Barker, R. 1998. English shipbuilding in the sixteenth century: evidence for the processes of conception
and construction, In E. Rieth (dir), Concevoir et construire les navires. De la triére au picoteux, p. 117.
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have. Despite these important shortcomings it is one of the key documents on which the current
narrative is based, and there is hardly any study of the trajectory of shipbuilding or ship design
technology that does not include a reference to it. However, it is worth bearing in mind that this
was an uncompleted manuscript and, as such, it may have had less influence at the time it was

written as opposed to its influence in more recent study.

4.4 Instruccion Nautica (Garcia de Palacio, 1587)

Full title: Instrucion (sic) Navthica, Para el Buen Uso, y regimiento de las Naos, su traga, y
y gouierno conforme a la altura de Mexico

Author: Diego Garcia de Palacio

Type of book: Printed

Year and place of publication: 1587, Mexico

Edition consulted: 1587

Language: Spanish
Instruccién Nautica®*® —written by Diego Garcia de Palacio in 1587 is considered to be the first
treatise in which the method followed by shipwrights to shape their hulls is described in printed
form in any language.?* It covers, in 313 pages, all aspects required for navigating, sailing,
designing and building ships suitable for the waters around Mexico.?*° The treatise is written for
the information and benefit of the ‘common person’.?*! Thus, although it covers themes like
astronomy and celestial navigation, the author provides methods that are suitable for the
practical person who might not be accustomed to written communications or may lack previous

formal education (figure 20). This paragraph illustrates Garcia de Palacio's intended readership:

Let us not confound the understanding of those who know no philosophy, nor letters,
who are the ones we have to work for, as they are the ones who most commonly
practice this art [of shipbuilding]. As | have promised above | shall describe the nao, %2

its parts, and people, and trades [involved in its construction and running], by the

248 This title is normally shown in a form which corrects the grammatical error in ‘Instrucion’ as well as by
adopting current Spanish spelling rules. Thus, in this document it will be referred to as Instruccion
Nautica, in its correct spelling and shortened version.

249 Rieth and Burlet. Essai de restitution d’un batiment de 400 toneladas, p. 466.
250 Garcia de Palacio. Instruccién Nautica . Title page.

251 Garcia de Palacio. Instruccidén Nautica , p. 1.

252 Nao: a type of sea going vessel from the Iberian peninsula of the period.
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clearest method of which | am capable.?*? (Translation from the Spanish original JPO.

Some punctuation has been altered for clarity).

With this readership in mind, ‘those who know no philosophy, nor letters, who [...] are the ones
who most commonly practice this art’ Garcia de Palacio writes in a clear language the conceptual
method of shaping the hull. In common with other treatises of the period, the text presents the
information in the style of a conversation between two participants. The design method is based
on knowledge accumulated from past experience. This knowledge is stored in a series of
proportional relations, or ratios, among the principal dimensions of the hull. The author is aware
that these proportions are not immutable and that they often respond to the environment where
the ship is to be used. For example, he cites that ships destined for the shallow harbours of New
Spain, from Cozumel to Panuco (in modern day Mexico), require ships with fuller and flatter floors
than ships destined for areas with deeper waters.?>* He is also aware that ultimately, when it
comes to deciding the proportions and shape of a ship, the shipwright's personal choice and

individual opinion play a decisive role in the process of designing a ship.?>

Garcia de Palacio does not provide any method to aid the shipwright in the choice of proportional
ratios relating the principal dimensions of the hull and its components. Instead, the text describes
the design method based on a single example of ship of 400 tonnes that illustrates the conceptual
approach used by shipwrights of the time. The design process is described in schematic form
where many of the details are omitted. Despite the description's shortcomings, a shipwright with
knowledge of the general principles that were followed at the time would have had no difficulties
building a hull, provided that they had sufficient knowledge to fill in the numerous gaps left in

Garcia de Palacio’s schematic description.?*®

The design process is centred around a master section that is transformed to obtain most of the
frames on the central part of the hull. The master frame is described as being based on an arc of
large radius (specified) and a flat floor (given as a proportion of the keel's length). In order to
control the transformation of the master frame into the other frames the author ‘rises’ and

‘narrows’ the shape of the master section. Interestingly, he makes no mention of the manner in

253 Garcia de Palacio. Instruccién Nautica , p. 89-v.
254 Garcia de Palacio. Instruccién Nautica , p. 91-v.
255 Garcia de Palacio. Instruccién Nautica , pp. 91-v, 92-r.

256 This was corroborated by Rieth and Burlet who reconstructed the shape of the nao of 400 tons from the
information given by Garcia de Palacio in: Rieth and Burlet. Essai de restitution d’un batiment de 400
toneladas, p. 585.
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which the values of rising and narrowing of the individual frame stations are obtained. However,
suitable maximum values of rising and narrowing at the tail-frames®’ are specified. The positions

of the tail-frames are also described in the text although with some imprecision.

The explanation continues by describing that once the central part of the ship has been framed
up, three strong ribbands should be placed at specified heights, bent around the erected frames,
and taken all the way to the ends of the hull (the stem and sternpost). Thus, the ribbands would
define the shape of the ends of the hull, which have not yet been framed at this stage. These
ribbands would be used to obtain from them the shape of the frames on those areas. Following
this, some other considerations about the placement of the master section and its relevance to its
effect on the ship's trim and steering are given. To finish the process of shaping the ship of 400
tons, its heights at different parts as well as the manner in which the rudder must be made and
attached to the ship are described.?*® The method described by Garcia de Palacio to shape the hull

occupies only three pages of a small 20x15 cm book.

One relevant feature of the method described in the treatise is that it does not require any
drawings to be made of the ship. The method described is entirely non graphic. However, the text
contains some illustrations (figures 21 and 22) which have led some authors to conclude that
Garcia de Palacio was describing a method of design based on the erection of three frames and

ribbands bent around them.?%°

This interpretation, however, is doubtful as the purpose of the illustrations are stated clearly by

Garcia de Palacio.

With the purpose that the method [of shaping the hull] and measurements [included in
the text] are understood better, | shall draw the following figure of the body of the
nao, in profile. [the text is followed by figure 21]. 2° (Translation JPO. Some punctuation

has been altered for clarity. Highlights by JPO. )

Thus, it is stated that the figure is just an illustration to help the reader follow the text, it is not

intended as a design aid, nor is it hinted in the text that such an aid was necessary or, indeed,

257 The tail-frames were the two extreme frames (forward and aft) were the method of rising and
narrowing was applied. Beyond those frames the shipwright had to find an alternative means of finding
the shape of the frames. Garcia de Palacio describes that ribbands were used for this (see main text).

258 Garcia de Palacio. Instruccién Nautica , pp. 92-v, 93-v.
259 Hasslof. Sources of maritime history and methods of research, p. 136.
260 Garcia de Palacio. Instruccién Nautica , p. 93-v.
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used to build ships. The building procedure would have been, in common with other methods of

the period, fully non-graphic.?%!

This section of the treatise is finished by providing a second drawing of a smaller ship which,
again, is shown for illustration purposes only by the author (figure 22). This second drawing
provides more information about certain dimensions of the ship yet, unless the reader had a
working knowledge of the methods being described, there would not be sufficient information to
define the shape of the ship. However, if the shipwright was familiar with the method, the
dimensions given would have provided a framework to aid the shipwright in making design

decisions.

The next chapter of the treatise discusses the manner in which the large ship should be rigged.

Garcia de Palacio does not describe how to rig the smaller ship, giving the following reasons for it:

The following explanations [on how to rig a ship] correspond to the first of the ships.
From them, it will be possible to reduce [in size] and to design correctly, the masts,
yards, boomes, rigging, and other tackle which might be needed [for the smaller ship]
following the good directions of the master, who will have to determine many things
which, for their complexity, cannot be said in the figure and which are common to the
practitioners of this art.?? (Translation JPO. Some punctuation has been altered for

clarity. Highlights by JPO.)

Again, Garcia de Palacio made it clear that the readers should have no trouble filling up the gaps
left by his schematic explanations. Moreover, the text highlights where the real difficulty lies. The
technical knowledge shared by shipwrights is, seemingly, so complex that Garcia de Palacio
cannot find a way of conveying it in a written text or in figures. This difficulty of putting in words
or figures the knowledge used by shipwrights is a common characteristic of the treatises analysed

in subsequent sections.

This brief analysis of Instruccion Nautica by Garcia de Palacio will finish by summarizing the design

method in the treatise:

The design method is a non-graphic approach to ship design based on the transformation of the

master frame into the other frames of the central part of the hull. The transformation is

261 Barker and Rieth identified correctly the method used by Garcia de Palacio as being based on a master
section and rising and narrowing lines, pointing at Hasslof's error in: Barker. Many May Peruse Us, p.
542; Rieth and Burlet. Essai de restitution d’'un batiment de 400 toneladas, p. 485.

262 Garcia de Palacio. Instruccién Nautica , p. 95-v.
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controlled by a series of risings and narrowings, although, no rationale is given that explains how

their values are calculated.

The design method is not prescriptive as it does not give specific, precise, normative, instructions
of any of the dimensions of the hull and its constituent parts. All dimensions and measurements
given are merely descriptive in nature. These, provide information that gives a sense of
proportion to the design. Moreover, the author is clear in several instances,?® that the shipwright

is free to choose the proportions and dimensions of the ship that he considers best.

The readership is clear in intent and content. The treatise does not describe theoretical
knowledge that may seem irrelevant, or incomprehensible to the practical shipwright. On the
contrary, the contents may be of use to shipwrights with the appropriate shipbuilding skill, who,
by their own experience have the ability and knowledge required to fill in the gaps left by the
general nature of the description given in the treatise. By following the general proportions given
in the treatise the experienced shipwright may be confident to try to build a ship to a set of
proportions which he may have not experienced before.?®* A ship built to a design based on the
general proportions given in Instruccion Nautica would be, in the opinion of Garcia de Palacio,

suitable for the particular conditions of the waters around New Spain, or present-day Mexico.

4.5 A Treatise on Shipbuilding, c.1620: Admiralty Library Ms.9

(anonymous, ¢.1620)

Full title: A Treatise on Shipbuilding, c.16202%°

Author: Anonymous

Type of book: Unpublished manuscript.

Year: c. 1620

Edition consulted: 1958 edited version by Salisbury and Anderson

Language: English

This anonymous manuscript identified as Ms.9 in the British Admiralty Library was edited and

published by Salisbury and Anderson in 1958. After correcting the spelling, editing obvious

263 For example: Garcia de Palacio. Instruccién Nautica , pp. 91-v and 92-r.

264 For example, from the information contained in the treatise and personal knowledge on these design
and construction methods Rieth reconstructed the shape of the nao of 400 toneladas described by
Garcia de Palacio in: Rieth and Burlet. Essai de restitution d’un batiment de 400 toneladas.

265 5alisbury, W. and Anderson, R.C. (eds), 1958. A Treatise on Shipbuilding and A Treatise on Rigging,
Written About 1620-1625. Society for Nautical Research
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mistakes and re-drawing the missing figures from the instructions given in the text, it was
published under the title: A Treatise on Shipbuilding, c.1620. *°® Salisbury and Anderson dated this
treatise to the 1620s and suggested that it may have been written by John Wells, storekeeper at

Deptford Yard.%®’

The treatise covers in detail the procedure to follow in order to define the three-dimensional
shape of a ship's hull very similar to the ideal proportions described in the last page of Fragments
of Ancient Shipwrightry. It does not touch any other aspects of ship design such as stability or ship
resistance. In contrast to previous treatises analysed, Treatise on Shipbuilding c.1620 provides
sufficient information to be able to reproduce a similar ship to the one chosen as an example.
However, the author does not attempt to justify the choices he makes to establish dimensions
and proportions other than past experience. At most, he suggests intervals of maximum and

minimum values for certain parameters of the hull's geometry.2®®

The process of design is based on simple geometry and arithmetic, and requires, in principle, little
mathematical skills.?®® Most dimensions are related by ratios and proportions so that, as the
anonymous author states, most dimensions can be obtained from one of the principal

dimensions.?”°

In common with the design treatises described before (Instruccion Nautica and Fragments of
Ancient English Shipwrightry) the shape of the ship's hull is obtained in the following manner: a
master frame is defined by following a series of simple geometrical constructions based on arcs

and straight lines. After the master frame has been formed in this manner, the shape of the other

266 Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 3. The present analysis is based on
Salisbury and Anderson's edited version. However, as the edited version also specifies the original
pagination, page numbers will refer to both, with original page numbers shown in brackets.

267 Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 2.

268 One example of the manner in which upper and lower limits are suggested for certain dimensions of the
hull would be the following:

‘[...] the depth must never be more than half nor less [than] 1/3 [of the beam of the hull]’ (Salisbury
and Anderson. A Treatise on Shipbuilding c. 1620, p. 14 (84-v)).

269 Although some of the procedures shown in the treatise appear to be highly mathematical, at most they
require that the reader knows multiplication and division.

270 This is what the author wrote:

if only the breadth be given the rest [of the ship's dimensions] may be drawn out of that by the rules
afore-going (Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 14 (84-v).
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frames of the hull are obtained by transforming its shape in a regulated manner. Several

longitudinal curves, called rising and narrowing curves,?’ are used to regulate the transformation.

The anonymous author states that the qualities of the ship depend upon the choice of rising and
narrowing lines which ‘must neither be too high nor too low, nor [...] too lank nor too full.”?”2
These general statements are followed by specifying different types of curves that would be most
appropriate for each of the rising and narrowing curves. However, the author cannot justify from
a theoretical point of view what is considered too high or too low, or too lank or too full, or too
round or too straight. Most importantly, the author does not explain how these characteristics of

the rising and narrowing lines affect the performance of the ship. The suitability of different curve

shapes and their proportions can only be justified based on what has worked in the past.

The different types of rising and narrowing curves recommended by the anonymous author can
be obtained by simple arithmetic. The designer specifies a maximum rising at the end of the line.
This is done as a proportion of other dimension of the ship.?”® The variation in rising from one
frame to the next would be determined by the shape of the rising line which, for the anonymous
author, depends on the n™ power of the longitudinal position of the frame. The value of n used in
the definition of the n power of the curve, in turn, defines its curvature and, thus, how the shape
of the hull varies as it gets away from the ship's centre and closer to the ends. Figure 25 shows a
comparison in the curvature of the different methods proposed in A Treatise on Shipbuilding,
€.1620. From the figure it is clear that the author is trying to control the shape of the curves, so

that they have the right fullness, although no rationale is given for each of the particular choices.

The author also specifies the geometrical construction to follow in order to obtain the shape of
the master section. It is based on three arcs of circle that can be up to four (figure 26).2’* Their

radii are given as a proportion of the principal dimensions of the hull (depth and beam).?”®

The manner in which the treatise is written, using the imperative mood, might give the impression

that the method described is rigid and prescriptive. For example:

271 The method described in the treatise defines narrowing lines at the floor and at the maximum breadth.
Similarly the rising lines used are one at the floor area and an additional rising line at the maximum
breadth area.

272 salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 15 (58-r).
273 Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 23 (88-v).
274 Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, pp. 16-17 (85-v, 86-r).
275 Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 16 (85-v).
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The several lines being concluded we must begin with the midship bend, ...

... the centre thereof must always be upon a perpendicular raised to the extreme of the

floor.....(Highlights JPO) 27

However, although the method appears to be rigid the text provides sufficient clues to show that

designers need not follow the instructions so rigidly, for example:

... The radius [of the middle sweep]?’” must ever be greater than half the breadth and
less than the whole breadth, and may be longer or shorter as you desire to have the

futtock righter or rounder (Highlights JPO). 278
Another example:

The breadth of the ship [...] you may make more or less with a longer or shorter radius

[.”]279

Therefore, what may seem to be a prescriptive method may only be a direct consequence of the

fact that the method is described by using a particular example with a given set of dimensions and
proportions. Trying to describe the geometric procedures and conceptual approach to hull design
without a practical example, only in abstract terms, would have made the writing of the treatise a

more complicated effort.?®°

One interesting feature of this treatise is that it describes the process of design based on a small
scale drawing and the procedure that must be followed in order to scale up the design on paper
to the full size ship.?®* However, in order to reduce scaling errors the treatise provided an

alternative numerical method that would allow the shipwright the means of deriving the shape of

276 Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, pp. 15, 16 (85-r, 85-v).
277 One of the arcs of circle that define the shape of the master frame in figure 26.
278 salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 17 (86-r).

279 salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 17 (86-r).

280 For a modern example of the use of the imperative mood in an instruction manual see figure 15. The use
of the imperative is not identified in this case with a prescriptive manner of instruction on a particular
procedure. It is just a convenient way of transmitting information which the reader will identify and
interpret according to the particular needs and capabilities.

281 The drawings shown in figure 26 give a sense of the three-dimensional shape of the hull. However, their
ultimate purpose is to provide information about the values of rising and narrowing at particular
positions of the hull so that the shipwright can transform the shape of the master frame into the other
frames of the hull.
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the transversal sections of the hull aided by mathematical knowledge. The process would start by
designing the master section following the geometrical method described in the treatise. From
the construction the shipwright could obtain the coordinates of the centres of each individual arc
by simple numerical calculations. The positions of all the centres were, then, recorded in tabular
form. From this table the shape of the frames could be drawn, full size, in a suitably flat floor, as
the centre of each arc would be known, from the table, and the radii would be lifted from the plot

of the midship bend.?®? By this method all the frames could be drawn full size on the mould floor.

To follow the method described above the shipwright would only require to have a working
knowledge of multiplication and division. These are not higher mathematical skills. However, the
method required the shipwright to perform numerous long multiplications and divisions, always
leaving room for possible mistakes. To reduce this risk of error, the author suggests the use of
logarithms, which had been invented only recently in the 1610s as a means of assisting with the
numerical calculations.?®® The use of logarithms did not change in any manner the shape of the
rising and narrowing curves, hence the ship. The rules used to derive the shape of each of the
curves remained unaltered. The use of logarithms provided a tool by which calculation errors

could be reduced.?®

The treatise finishes by describing the process of making each of the frames from a set of moulds
obtained in the mould floor from the full size plot described above, with additional details of

other aspects of framing a ship, such as regarding bevelling.

An immediate reaction to reading this treatise is that one gets the impression of being in front of
a well-thought out document. The process of design is described in the same order in which a
shipwright would design the ship. The information is given in an as-needed basis, facilitating its
comprehension by the reader. It is given in sufficient detail to be able to follow it from the
contents of the text. This is a contrast to the treatises described before which are not so well
organised or did not provide all the information that is required to follow the design process. The
manner in which this document is organised would remain constant in most of the treatises that

followed it.

282 galisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 33 (94-r).
283 galisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 33 (94-r).

284 Ferreiro. Ships and Science, p. 43. The use of logarithms to aid in numerical calculations survived well
into the 20th century —mostly in the form of the logarithmic sliding-rule so common in the desk of pre-
1970s engineers— and was only abandoned with the introduction of calculators.
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Unfortunately, the original manuscript is missing and only a manuscript copy made during the late
17" century survives. The original has been dated to ¢.1620.2%° The author of the 20" century
edited transcription, Salisbury, considered that the original manuscript ‘does not follow the usual
format of a work written for the instruction of shipwrights’.?8¢ He justifies this idea with the fact
that the usual introduction to geometry and mathematics common in other treatises destined to
practical shipwrights are missing from the copy. However, he also explains that these pages could
have been omitted by the late 17t"-century copyist.?®’ Therefore, there is no real reason to justify
that the treatise was not destined for shipwrights. The clarity of the text and the thoroughness of
the explanations would seem to suggest that, indeed, this text would have been very suitable and

beneficial to shipwrights.

The anonymous writer does not embark on theoretical disquisitions that would not have been of
practical use to a shipwright. The design process is based —in common with the other treatises
analysed— on simple geometry and arithmetic, with no use of scientific methods. Logarithms,
which might be seen as a sign of sophisticated design methods, are only used as an aid in
calculations, much like a modern draughtsman may use a calculator, having no influence in the
outcome of the design process. In fact, the method can be followed just as well without the use of
logarithms by doing all the numerical calculations by multiplication and long division, or even by

scaling up the values of risings and narrowings from the scale drawing.

4.6 Hydrographie (Georges Fournier, 1643)

Full title: Hydrographie contenent la Theorie et |la Practique de Toutes les Parties de la
Navigation

Author: Georges Fournier

Type of book: Printed.

Year and place of publication: 1643, Paris
Edition consulted: 1643

Language: French

285 Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 1.
286 5alisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 1.
287 Salisbury and Anderson. A Treatise on Shipbuilding c. 1620, p. 1.
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Georges Fournier (1595-1652)?% was a French Jesuit priest who had been ‘employed in the French
Royal Fleet according to his condition’?® thus his knowledge was eminently theoretical and often
incomplete as he was not a practising shipwright nor a ship designer. Hydrographie is a large
format publication of 922 pages which is divided in twenty sections, called books. The first book
(58 pages) deals with ship design and ship construction. The rest of the books describe an array of
subjects related to sailing, navigation and naval matters: harbours and harbour installations; the
navies of several countries; the role and responsibilities of each crew member by rank; the
different manners in which a ship can be used; naval history; the history of France and the French

admiralty; sailing and navigation.

This brief description of the contents of the treatise shows that ship design has a relatively small
importance in this treatise (58 pages in a book of 922 pages). It contains, however, a description
of ship design methods which are often referred to in the modern literature, in the context of the

development of hull-design methods of the period. Hence, it will be described in this section.

The design methods are described in pages 15 to 26. Fournier's methods are based on
proportional ratios between the principal dimensions of the ship, and provides a table with the
principal dimensions for ships of diverse type to aid in the process of design.?*® The process of
ship design is conceptually identical to all the other treatises in this section. The designer started
by determining the shape of the backbone of the ship (keel, stem and sternpost/transom) (figure
27). Next, Fournier tells the reader that the designer also chooses the shape of the master section
(figure 28) whose main dimensions (breadth and depth) were related proportionally to the ships
service but were also very heavily influenced by the shipbuilding tradition of the ship's country of
origin.?! Finally, by modifying the master section in a controlled manner, the shipwright could

obtain the shape of the rest of the frames in a large area of the hull.

Fournier described two different geometrical methods to shape the master section. The first, he

292

called ‘selon I'ancienne fagon’*”* or ‘according to the ancient fashion’ (figure 29). The second

288 http://catalogue.bnf.fr/ark:/12148/cb12138420w.public (last accessed 11 January 2018)

289 Fournier, G. 1643. Hydrographie contenent la Theorie et la Practique de Toutes les Parties de la
Navigation. p: To the King (unnumbered) (Translated from the original by JPO).

290 Fournier. Hydrographie, p. 13.
291 Fournier. Hydrographie, p. 20.
292 Fournier. Hydrographie, p. 20.
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method of defining the shape is also shown in figure 29 and was called by Fournier ‘a la

7293

moderne’ or ‘in the modern fashion’.

The names ancient and modern have been used to identify rounder shapes, as shown in the
‘ancient’ method, with archaic ships. This has been used by some authors to identify certain
shipbuilding treatises as out-dated based on the idea that their hull shapes had a certain
resemblance to the ones shown by Fournier as the ancient method.?®* However, Fournier was
clear that the method he called ‘selon I'ancienne fagon’ was, still, very much in use at the time he
wrote his treatise. According to him, this method produced ships with round sections and, as a
result, ships tended to roll heavily at sea. The flatter floors produced by the second method, ‘@ la

moderne’, would solve the problem by reducing the ship's rolling.?*

Interestingly, the process of defining the rest of the frames of the ship from the master frame is
described in the text and it is illustrated using a master section that is neither ‘ancient’ nor

‘modern’ (figure 30).

In common to the other methods described in this section the transformation of the master
section into the other frames of the hull is controlled by rising and narrowing the sections in
gradual increments the further they are from the master section. The values of rising and
narrowing at each specific frame position is obtained from a simple quadrant and it is applied to
the line of maximum breadth of the hull (figure 31). This is a distinct particularity which sets
Fournier’s method apart from the rest of the treatises analysed in chapters 4-5, with the
exception of the plans drafted by Arrospide in the late 18" century, discussed in chapter 5 and
appendix B. Fournier's method does not require a drafted scale plan, and it would be entirely

possible to build the ship by drawing the sections full-size on the loft floor directly.

Fournier’s text was obviously destined to a segment of society that did not have a direct
involvement with ship design. Consequently, the superficial and incomplete description of ship
design methods seems to be justified, as they are sufficient to inform the reader of the

conceptual approach to ship design.

233 Fournier. Hydrographie, p. 24.

2%4 For example, Richard Barker identifies single arc methods, like the ones shown in the ‘I‘ancienne’
method with archaic practices, consequently, inferring that the shapes shown in Sutherland’s treatise
(below) may be obsolete as they are drawn using a similar one-arch method (Barker. Whole-moulding: a
preliminary study of early English and other sources, p. 33).

255 Fournier. Hydrographie, p. 24.
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One of the main interest of the treatise has generally been that it has helped create a narrative
that explains the transformation of shape with time from the ancient method (round) to the
modern method (with a flatter floor). However, it has been shown that such names are
misleading as Fournier clearly stated that the ancient method was still in common use. Moreover,
plans drafted one century later show that rounder shapes were not necessarily a sign of archaic

methods (figure 32).

4.7 The Compleat Ship-Wright (Edmund Bushnell, 1664)

Full title: The Compleat Ship-Wright (The Complete Ship-Wright)*®

Author: Edmund Bushnell

Type of book: Printed

Year and place of publication: 1664, London

Editions consulted: 1664, 1669 (Two editions), 1678, 1688

Language: English
The Compleat Ship-Wright —written by Edmund Bushnell and first printed in 1664— describes the
process of designing the hull of a ship by a method which does not differ with the other methods
described in this section. The treatise is directed to the practical craftsman who requires simple,
practical instruction. It was printed in five separate editions (1664, two editions in 1669, 1678 and
1688) (figure 33). Later, it was included nearly verbatim®’ in three other editions of a treatise
called Marine Architecture published in London in 1736, 1739 and 1748.2% It is the first printed
treatise which describes ship design in English. Consequently, it should be considered an
invaluable element in the shaping of the current narrative that describes the development of
shipbuilding knowledge in the early modern period. However, as it is discussed in chapter 6, it has

remained largely ignored.

The title page of the book states the intention of the writer:

2% This treatise was published with two alternative spellings for the word Complete.
297 With the exception of the short section on how to row a ship in a calm.

298 Marine Architecture included a literal copy of Bushnell’s The Compleat Ship-Wright, and a combination
of Miller’s The Compleat Modellist and Bond’s The Boatswayn’s Art.
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Plainly and Demonstratively Teaching the Proportions used by Experienced Ship-
Wrights, according to their Custome of Building; both Geometrically and Arithmetically

performed (Italics in the original. Highlights JPO).2%°

Bushnell's title does not leave room for doubt. His intention is not to transmit new knowledge. His
intention is to transmit the knowledge used by experienced shipwrights following their customary
methods of designing the shape of ships geometrically and arithmetically. Being a description of

the customary practices of shipwrights, Bushnell does not engage in any theoretical discourse.

The treatise starts —without the usual dedication to a patron— with a section called To the Reader
where the writer gives explicit reasons for writing the treatise and the intended readership. It also
provides a critique to the method of transmission of knowledge by apprenticeship common of the
time and the opportunities available to the shipwright who could learn to design the shape of a

ship.3%

Bushnell is clear in this introduction that the method he describes is directed to practising
shipwrights with little or no knowledge on how to define the shape of a ship. This lack of
knowledge could be the result of not having had sufficient instruction from their masters, who
Bushnell accuses of trying to keep the secret of the trades to themselves or, at most, within a
small circle of chosen craftsmen. What most shipwrights learn from their masters —as the

introduction says— is to hew, to dub and to fay pieces of wood which the master shipwright has

2%9 Bushnell, E. 1664. The Compleat Ship-Wright, p. ‘Title page’.
300 This is how Bushnell justifies the writing of treatise:

[T]his treatise, is written only for the good and profit of my Countrymen, [who] are ignorant in their
Trades, and desire Instruction; not that | presume to teach those long experienced Ship-Wrights,
whose actions hath declared their Abilities to the whole World.[...] yet the knowledge they desire to
keep to themselves, or at least among so small a number as they can, for although some of them
have many Servants3®°, and by Indenture (I suppose) bound to Teach them all alike the same Art and
Mystery that he himself useth; Yet it may be he may Teach some one, and the rest must be kept
ignorant, so that those Ship Wrights, although bred by such knowing Men, yet they are able to teach
their Servants nothing, more then (sic) to Hew, or Dub, to Fay a Piece when it is Moulded to his place
assigned, or the like: but if occasion require, that the greatest part of these Men, by being
Carpenters of Ships, or the like, may be removed from England to Virginia, or New-England, or the
like Countries, where Timber is plenty for their use, yet through their ignorance, they durst not
undertake such a Work: For their sakes | have written this Book, wherein the Reader shall finde
instructions sufficient for Moulding of any Ship, or Vessell whatever, with the Masting of them,
drawing of Draughts, and all in a very plain and exact Method, which | am confident will be
understood by the meanest capacities, if they can but read English, and have the benefit of a little
Arithmetick, as Adition, Substraction, Multiplication, Division: be diligent, and | shall be thereby
incouraged, if need be, to help thee farther in the Art. (Bushnell. The Compleat Ship-Wright, p. ‘To
The Reader’ (ltalics in the original. Highlights by JPO.)).
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decided where they should be placed. This arrangement of the work where master shipwrights
direct the work of common shipwrights who execute the manual work of crafting and adjusting
the pieces, thus building the hull, is not to the liking of Bushnell as it may not help shipwrights
transmit their knowledge successfully in times of rapid expansion and colonisation as the ones he
was experiencing. This organisation of the workforce and of the process of designing and building
a ship may work in the shipyards of England where the organisation of the workforce had
developed over the years. However, the situation of the colonies —'Virginia, or New-England, or
the like Countries’— presented shipwrights with new opportunities that would not be possible in
England.?®* If shipwrights —whose ability to hew, dub and fay was taken for granted— learned how
to design ships, then, the construction of ships in those places would be possible.?*? This would
obviously benefit England's interests in the colonies, but also, it would benefit those shipwrights
who would see that, by way of knowing how to design a ship, new opportunities of social progress
were available for them. Thus, The Compleat Ship-wright can be read as a true how-to manual
aimed at transmitting useful knowledge, to readers who already had the necessary ability and

background knowledge.

The language, structure and content of the treatise reflects the readership which Bushnell is
writing for: those shipwrights who ‘desire Instruction’. Bushnell, who in the title page informs the
reader that he is a shipwright himself, does not make any observations about the extent of the
knowledge he is describing. Therefore, it is not clear if he decided to leave other, more advanced,
types of knowledge out of the book so as not to confuse his intended readership. His style is clear
without introducing an unduly number of examples that could confuse the reader. He states that
one single example is sufficient to convey a conceptual idea.3® By reading the treatise it must be

concluded that it fulfils the intended goal successfully. This is achieved by writing in a style that is

301 Ships were so necessary in the colonies that the General assembly of Virginia encouraged the
construction of ships. This went against the policies of England that discouraged the manufacture of
goods in the colonies. However, it was allowed in order to respond to the real need for ships in the
colony (Evans, C. W. 1957. Some Notes on Shipbuilding and Shipping in Colonial Virginia. Issue 22 of
Jamestown 350th anniversary historical booklets. Virginia: 350th Anniversary Celebration Corporation,
p. 20).

302 This idea is similar to the general concept of Garcia de Palacio's treatise who wrote it for the benefit of
those who were building ships in the New World. Obviously, in the new colonies the number of skilful
shipwrights with the ability to design new ships would be limited. Anything that could be done to
provide knowledge would be greatly beneficial for the colony.

303 Bushnell. The Compleat Ship-Wright, p. 11.
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easy to understand and by following a very well organised order which helps in the transmission

of the information in an efficient manner.3%*

Bushnell’s design method requires that the shipwright produces a basic drawing of certain
features of the ship to scale. To enable this, Bushnell proposes that the shipwright should learn to
draw a graphic scale which he will use, then, to reduce full size dimensions into scaled dimensions
(figure 34). Conversely, the graphic scale could be used to pick up dimensions from the drawing to
convert them into full size dimensions. Following this, Bushnell introduces the main body of the
treatise in which the manner of designing a ship is described. It is divided in several short
chapters. The longest chapter describes how to define the three-dimensional shape of the hull.
This is followed by an additional chapter on how to measure ships in order to know their interior
capacity. A shorter chapter on masting follows. Finally, the treatise ends with a chapter in which

Bushnell describes a method of rowing ships in a calm.

The design procedure is, in principle, very similar to the methods described up to now, and can be
described in general terms as follows: The shape of the hull is obtained from the shape of the
backbone (stem, keel and sternpost/transom), the shape of the master section, and several
longitudinal curves (rising and narrowing). Geometry determines the shape of these elements.
The shape of most of the frames on the hull can be obtained from the transformation of the

shape of the master frame in a process regulated by the rising and narrowing curves.3%

The process is based on a simple drafted plan, to scale, in which the backbone, the rising and
narrowing curves, and the master frame are drawn (figures 35 and 36). The construction of the
master section is different to the one proposed in the previous treatises but, in common with
them, it is based on very simple geometric constructions that are easy to remember and if needed
could be modified (figure 36). In this particular case the master section was derived from two arcs
of circles and a straight line.3% However, Bushnell explains that other alternative ways are
possible. The rising and narrowing lines are made of arcs of circles (figure 37). These lines control

the shaping of the three-dimensional shape of the hull by guiding the transformation of the

304 The order in which the contents of the treatise are described is similar to the anonymous treatise
described in Salisbury, W. and Anderson, R.C. (eds), 1958. A Treatise on Shipbuilding and A Treatise on
Rigging, Written About 1620-1625.

305 The method described in the treatise defines narrowing lines at the floor and at the maximum breadth.
Similarly the rising lines used are one at the floor area and an additional rising line at the maximum
breadth area.

306 The particular process of drafting the shape of the master section is not relevant for this analysis. In
common with the rest of the treatises analysed it will not be described here.
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master frame mould into the other transversal frames of the hull and, therefore, are central to
the process of shaping the hull. However, in common with others treatises analysed for this
research there is no clear indication as to how to choose the values of maximum rising and
narrowing that will determine the final shape of the curves and, hence, the hull. The treatise also
provides an alternative method by which curves with fuller ends can be defined at the will of the
designer (figure 37). Again, no rationale is given to explain why a shipwright should desire to have

fuller or finer ends, or what degree of fullness could be desirable.

The shipwrights for whom Bushnell is writing are expected to have enough experience in
shipbuilding, although not in design. Therefore, it is expected that they might have a feel for what
shapes they desire even if they do not have the means —prior to reading the treatise—to
guarantee that they will build the ship to the desired shape. Consequently, although Bushnell
gives precise dimensions for many of the ship's geometric parameters they must be taken as
illustrative. The text provides a sufficient number of examples to show that the method described
is not prescriptive, or normative, and that the shipwright can divert from it, or from the

proportions and shapes shown on it, if he so desires. For example:

If any be desirous to have a Rising line rounder [...] 37

Herein any may do as they please, give more or less [breadth to the floor]; my

Judgement is, rather more than less [...]3%

Clearly the dimensions and proportions given in the text can be varied by the shipwright to suit

their particular goals.

The process of obtaining the shape of each individual frame is, again, explained very clearly by
Bushnell. Following the method of design described in the Compleat Ship-Wright, the only
transversal sections of the hull that the designer must draw on the drafted plan is the master
frame. The finished plot would be one similar to a combination of figures 35 and 36. Although it is
a close precursor to the modern lines plan, it cannot be considered equivalent to a lines plan

yet.309

307 Bushnell. The Compleat Ship-Wright, p. 41.
308 Bushnell. The Compleat Ship-Wright, p. 11.

309 The purpose of these plans was to obtain from them the values of rising and narrowing at each
individual frame. Thus their objective was not to provide a visual representation of the three-
dimensional shape of the hull as is the main purpose of a modern lines plan.
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In order to obtain the shape of the transversal frames, Bushnell proposes that they should be
drawn full size directly on the mould floor using for this a mould made of three parts which, when
joined, reproduced the shape of the master frame.3!° This is a very simple process that he
explained in the text using an illustration as an aid (figure 38). First the shipwright would choose
the values of rising and narrowing for each individual frame from the scale plan shown in figure 25
or from direct calculation following the alternative arithmetic method given.3!* These values
indicated by how much the shipwright had to rise and narrow the three parts of the mould of the
master section in order to obtain the shape of the new frame (figure 38). With the mould in place,
the shape could be scribed into the mould floor. This process would be repeated for each frame.

Later, these shapes drawn in the floor would be used to make the frames of the hull.3

The process described by Bushnell is conceptually simple but, as it requires that measurements
are scaled up from a relatively small drawing to the full size plot, there was a real possibility of
introducing scaling errors. Aiming at avoiding such errors, the treatise, proposes to use the
alternative arithmetic method. It is, in essence, the same as the one described in A treatise on
Shipbuilding (1620-1625), described before. It is based on Pythagoras's theorem and, therefore,
requires knowledge on how to calculate the squares and square roots of numbers. Bushnell
acknowledges that not all practising shipwrights may be comfortable performing square roots.3!3

Thus, he provides a table of squares and square roots that solves the problem as the shipwright

could use it to read the values directly (figure 39 and 40).

One further interesting feature of this treatise is that it shows an early attempt of providing a
method to calculate the true displacement of a ship. Formulae to calculate the tonnage of ships
were used at the time. They were a rough measurement of the volume within a hull which in turn
served as an estimate of the capacity to accommodate cargo within a hull. However, Bushnell
knew that this ‘tonnage’ had no relation to the real weight of the ship or the shape of its under-
body (figure 41).3'* He explains that unless the volume of the underwater part of the hull is
measured accurately, the shipwright will have no means of knowing the real weight of the ship.

Bushnell continues by describing a method of calculating the underwater volume of the hull

3

-

0 Bushnell. The Compleat Ship-Wright, pp. 15-18.

3

-

1 Bushnell. The Compleat Ship-Wright, p. 22.

3

-

2 Bushnell. The Compleat Ship-Wright, pp. 15-22.

3

-

3 Bushnell. The Compleat Ship-Wright, p. 25.

3

-

4 Bushnell. The Compleat Ship-Wright, p. 59.
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following a method that divides the ship in a series of prisms, delimited by vertical sections, in a
manner which is conceptually close to the method described in A Book called the Treasure for
Traveilers discussed above. The main difference would be that Bushnell's approach calculates the
volume of the hull from the drafted plan as opposed to the real ship. This method, however, can
only be used as a check of the weight of the ship, were it to float at the theoretical design-

waterline. It cannot be used to design a ship to a previously specified weight.

The design method described in this treatise requires very limited geometry and mathematical
knowledge which, together with the clarity of the explanations and simple text, would have made
it very suitable for the education of shipwrights. The treatise is totally devoid of any theoretical
discussions or conceptual description that may indicate any use of science or scientific thought in
its conception. Nor is it prescriptive. In numerous instances the reader is told to freely change

parameters to suit personal needs or ideas.

4.8 The Compleat Modellist (Thomas Miller, 1676)

Full title: The Compleat Modellist: Shewing The true and exact way of Raising the Model
of any Ship or Vessel, small or great, either in Proportion, or out of Proportion

Author: Thomas Miller

Type of book: Printed

Year and place of publication: 1676, London.

Editions consulted: 1676, 1684

Language: English
Although this book does not describe hull design, it describes the rigging of ships based on
drawing a simple plot of the ship, to scale, which is used by the rigger to specify the different

parts of the rig: masts, lines, and so on. (figure 42).

This short treatise contains a paragraph that illustrates the mindset of the period and the
importance of past experience in technological processes. The knowledge that could be obtained
from past practice was considered so important by Miller that he recommended that it should be
recorded in a ‘Book of large and good Paper Royal’.3?® In that book one should write down the
dimensions of as many ships as one could. These dimensions could be obtained from the master

carpenters of the ships, or by measuring them oneself. Once those dimensions were recorded, the

315 Miller, T. 1676. The Compleat Modellist, p. 6.
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ship should be drafted in the book, so that in the future, when one was asked to rig a ship of

similar dimensions ‘there you have a Model raised to your hand.’3

The author is only interested in representing a simplified view of the ship in profile. He is not
interested in elaborate plots, unlike others in the past who, as the author criticises, ‘were so
affected with the draught of the Ship, they minded that more than the substance that belonged
to it.”3¥ In the illustration the author purposefully distorted the ship represented on it in order to
simplify the drafting process. Decks are shown as straight lines when in reality would have had
long curving shapes. The drawing is, therefore, a simple tool to be used to store basic information
required for the definition of rigging elements. However, the author, justifies the reasons behind
this simplification of the drawing and consequently shows that basic drawings are not necessarily
a consequence of bad printing or drawing capabilities, and that often authors purposefully

produced drawings that represent a simplified, schematic, depiction of the real object.

Without this past experience, and in the absence of suitable theories, the readers of this book,
and any other craftsman of the period, would have been lost. Thus, any means that served to
record the experience, such as templates, notebooks, drawings or rules of proportions, were a
great aid for the riggers for whom the treatise was written, but would be just as applicable to any

practical craftsman.

4.9 Deane's Doctrine (Anthony Deane, 1670)

Full title: Doctrine of Naval Architecture
Author: Anthony Deane

Type of book: Unpublished manuscript (MS PL2910) in the Pepys Library, Magdalene
College, Cambridge

Year: 1670
Editions consulted: 1981 edited version, by Brian Lavery3!®

Language: English

316 Miller. The Compleat Modellist, p. 6.
317 Miller. The Compleat Modellist, p. ‘To the Reader’.

318 Lavery, B. 1981. Deane's Doctrine of Naval architecture, 1670. Edited and introduced by Brian Lavery.
London: Conway Marine Press. The present analysis is based on Lavery's edited version. However, as the
edited version also specifies the original pagination, page numbers will refer to both, with original page
numbers shown in brackets.
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Anthony Deane (1638-1721) 32° is one of the most renowned English shipwrights of the 17t
century. He is often mentioned as being one of the first shipwrights to use a scientific approach to
ship design.3?® However, even if the quality of his work and calculations appear to be superior to
the ones shown in the previous ship design treatises, his approach to hull design was based on the

same principles.

Deane's method of ship design remained rooted in tradition and was based on geometry and
proportion. His method, like the ones before and after him, were not capable of predicting the
performance of a ship. They were methods that had to be followed in a mechanical manner, step
by step, within a certain set of boundaries, which produced a ship with acceptable characteristics.
In the text Deane writes in a manner that he seems to be talking to the reader, in an almost

conversational style. For example:

To let you know from whence | derive my breadth, | take 3/10 of the length of the keel

['”]321
And then, when you have done that, sweep another of the same form.3??
On several instances Deane hints at the possible readership he was writing for:

[...] and therefore | shall learn the young artist a sure way which shall not fail of shaping
such a body as | hope may retain no blame by the reader [...]. This much | thought a
good hint, to fortify the young artist against any fanatic doctrine, [...].3* (Highlights
JPO.)

The design method described by Deane in Deane's Doctrine is described in enough detail to be
able to follow the procedure.3** However, similarly to the other methods, the choice of the design
parameters of the ship is not justified in any objective way by relating it to some scientific or
theoretical principle. Thus, it is not always clear if the actual proportions or dimensions chosen for

a particular feature reflect a general principle or a particular case of the ship used as an example.

319 Walker. Ships and Shipbuilders, p. 20.

320 | avery. Deane's Doctrine of Naval Architecture, p. 21.

321 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 52 (37).
322 peanein Lavery. Deane's Doctrine of Naval Architecture, p. 54 (43).
323 Deanein Lavery. Deane's Doctrine of Naval Architecture, p. 61 (53).

324 In common with other treatises analysed there the method is not described to its full details. Thus Deane
performs an additional transformation to the radii of the frames which is not described in the text.
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The design method does not differ in essence from any of the other methods described in this

section and can be summarized as follows:

The shipwright draws, carefully and to scale, a profile view of the ship where all the dimensions
are related proportionally to the length of the keel.3?*> Next the rising and narrowing curves are
drawn, in profile and plan view according to certain proportional and geometrical rules (figure
43).325 Following this, the midship frame shape is drawn as a series of tangential arcs of circle
(figure 44).3%” Again, the arcs of the radii and the positions of the centres are related
proportionally. Based on the midship frame shape and the rising and narrowing curves, the
shipwright could draw all the frames in the ship. One important difference to Deane’s method
and the previous cases is in the definition of the shape of the rest of the frames from the shape of
the master section. Where before, the shape of the frames was not drawn on the scale plan and
was obtained directly in the full size mould floor, Deane draws the frames on the scale plan. The
process is the same, but the level and graphical quality of the information shown in the plan

differs.328

Deane stresses the importance of the rising line of the floor as the main line which determines

hull-shape and, consequently, the good or bad characteristics of the ship. He writes:

For to lay down [the rising line] as it ought to be is great worth and advantage on every
man-of-war, which, if it had been thoroughly understood, we had never had such

mistakes in the navy as we have found [...].3%°

This quotation can be used to characterise the knowledge of the period. From a conceptual point
of view, the knowledge of the period was right. Shape and performance are related, and hence an
unsuitable shape will result in an unsatisfactory ship. But, due to the limitations of the knowledge
of the period, shipwrights did not have any means of relating form and performance in an
objective manner. Thus, although Deane describes what is, in his opinion, the most suitable shape

for the rising line he could not provide any theoretical justification for his choice.

3

N

5 Deane in Lavery. Deane's Doctrine of Naval Architecture, pp. 54-56 (43-46).

326 Deane in Lavery. Deane's Doctrine of Naval Architecture, pp. 57-62 (47-58).

327 Deane in Lavery. Deane's Doctrine of Naval Architecture, pp. 67-9(65-66).

328 Deane's scale plan gives a superior sense of shape when it is compared to the plans shown in previous

treatises. One immediate advantage of this is that the designer has a convenient manner of seeing the
shape of the hull at a very early stage.

3

N

9 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 55 (45).
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For the rising he favours true arcs of circle, although he writes that he has tried elliptical or
diminishing lines in the past.®3° To save the new artist (designer) from making the many mistakes
of others, Deane details how to obtain the shape of the rising curve by drawing it in the plan, or
by calculating its centre by numerical methods.33! With the shape of the curve drawn in the plan,
the individual values of rising at any position along the hull can be obtained by scaling from the
plan at each frame position or, alternatively, a fully numerical method is provided.®*? It is
noteworthy that Deane uses the same method for defining the shape of his rising and narrowing
lines —arcs of circle— which is the geometric construction used by Bushnell in The Compleat Ship-
Wright, by the anonymous author of A Treatise on Shipbuilding for some of the longitudinal lines

and Mathew Baker in Fragments.

One important feature in the design of a ship according to Deane is the position of the waterline.
He argues that the real ship must never sink below the waterline marked in the plan, or else the
gun ports will be too close to the water which would render the lower gun ports dangerous or
unusable at sea. He describes, correctly, that in order for the ship to float at this waterline, the
weight of the ship and the weight of the water displaced by the underwater portion of the hull
must be equal.?*? Again, we can see a correct understanding of the Archimedes principle that
explains why bodies float on a fluid. Expanding on this idea, Deane stresses the importance of
placing the waterline on the drafted plan after a careful consideration.®** Thus, to assist the
designer, the treatise describes a method by which the volume of the underwater portion of the
hull and consequently its weight can be established from the theoretical drafted plan following a

relatively simple method.?3*

330 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 60(53).

331 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 57(47).

332 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 65(62).

333 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 71 (69).

334 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 56 (45).

335 pepys credited Deane with being the first shipwright to develop a procedure to calculate ship
displacement (Creuze 1840: 18) However, it has been shown that the authors of A Book called the
Treasure for Traveilers and The Compleate Ship-Wright described methods to calculate displacement
which, in principle, are all correct. In common with the other methods, Deane's approach to calculating
the weight of the ship is based on calculating first the underwater volume of the hull which, when
multiplied by the water's density, provides the weight of the ship. To calculate the underwater volume
of the hull Deane slices the hull in vertical sections for which he calculates the area. In contrast to the
methods described in the treatises above, that did not specify how to calculate these areas, Deane gives
two alternative, approximate, methods.
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However, how could the designer ensure that the weight of the real ship, once it was built,
matched the weight calculated for the theoretical drafted plan? Deane's treatise shows the
method followed by shipwrights of the period to control the weight of their ships. This was done
by following a set of pre-established scantlings (size) of the ship's constituent elements which
would give as a result a ship of a certain total weight. Consequently, the tool available to the ship
designer to ensure that a ship performed®® in a successful manner was based on a combination of
two mutually dependant tools. The first tool would be the method followed to shape the hull
which, in turn, determined the volume of its underwater portion and, hence, its hydrostatic
characteristics. The second tool available to the designer would be, a specification or scantling
rule —not necessarily written— that controlled scantlings of the constituent parts of the hull and rig
(hence the weight of the ship) in a manner that matched the weight of the underwater portion of

the hull defined by the shape design rule. In Deane's words:

A good proportion for the ship [as described], with the assignment of every part of a
ship with the scantlings herein mentioned shall not exceed in draught of water here

declared [...].3*¥’

In other words, if the reader shaped the hull following Deane's proportion and method, and built
it according to the scantlings given, the ship would float in the waterline specified in Deane's
example. Moreover, the original text continues by saying that the combination of hull-shape
design method and specification of scantlings provided in the treatise produced ships that would
not require future alteration to correct any problem that may result as a consequence of
insufficient stability.3*® The design-recipe and its companion, the scantling rule, provided a design
route which guaranteed —to a certain extent— that hull shape, hull weight and its centre of gravity

would match in a harmonious manner.

To summarize Deane's treatise briefly, it would suffice to say that, in common with all the
treatises analysed up to now, the design method is based on the transformation of a master
section which is shaped after a geometric method for which no justification is given. The
transformation is guided by pre-established longitudinal rising and narrowing lines which,
although considered vital for the performance of the ship, are shaped following equally

unjustified methods. Deane states how shipwrights guarantee that the ship floated as expected.

336 At this period, the most basic performance characteristics that a ship had to meet was that it floated at
its design waterline and that it had sufficient stability to carry sail.

337 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 76(73).
338 Deane in Lavery. Deane's Doctrine of Naval Architecture, p. 76(73).
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This came necessarily from a mutually dependant hull-shape design-recipe and specification of

scantlings.

A few final comments about the readership and the writer. The tone of the text, and references
within, show that this text would have been very accessible to shipwrights who were literate and
had a very basic mathematical knowledge. However, it is a manuscript which remained in the
private collection of Samuel Pepys which does not appear to have been copied or printed at a
later date. Therefore, its influence on other shipwrights cannot be known. Deane's drawings are
precise and beautifully decorated. However, there is nothing in the design method that prevents
it from being used in a simpler manner, with less visual flourish, perhaps by shipwrights engaged

in the design of more utilitarian ships.

4.10 Dutch ship design: Arnoul, Witsen and Van Yk

The procedure which Dutch shipwrights of the 17" century followed to shape their hulls has been
described in chapter 2. The current narrative is based mainly, on the interpretation of documents
written during the 17*" century which play a central role in any description of 17"-century Dutch
shipbuilding and, therefore, they will be described here. The first document is a short description
by a French observer called Arnoul, the second is Witsen’s printed treatise on shipbuilding and,
finally, the third document is Van Yk’s printed treatise on shipbuilding. The manner in which these
documents have been approached by some modern scholars, in what appears to be a subjective

manner, will also be exposed.

4.10.1 Remarques Faites par le Sieur Arnoul (Arnoul, 1670)

Full title: Remarques faictes par le sieur Arnoul sur la marine d'Hollande et d'Angleterre
dans le voyage qu'il fit en I'année 1670, par ordre de Monseigneur Colbert.

Author: Pierre Arnoul
Type of publication: Manuscript
Year: 1670

Editions consulted: Microfilm of original manuscript, MF 16520. Bibliothéque nationale
de France, Paris

Language: French

In 1670 a Frenchman, Mr. Arnoul, was sent by the then Minister Colbert to observe the

shipbuilding procedures followed in Dutch and English shipyards. He wrote an account that has
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been used to interpret how Dutch shipyards of the period built their hulls. 33° According to
Arnoul's manuscript Dutch shipwrights started by building the bottom shell-first (figure 45) and
once it had been planked up internal reinforcements (floors and frames) were introduced. The

topsides were planked in a frame-first fashion by attaching planking to these pre-erected frames.

Arnoul's text is one of the few contemporary accounts of the process and was used by Hasslof in
support of his shell-first versus frame-first paradigm. Its importance as a clue to define Dutch
shipbuilding of the 17" century can be understood when it is realised that in numerous
publications in which the particularities of Dutch shipbuilding are discussed references to Arnoul's
manuscript are included.?*° However, often references seem to have been obtained from
Hasslof's publication and not from the unpublished manuscript. Additionally, it would appear that
it is the English translation of the text by Hasslof that is referred to, instead of the original French

text, which was included in one of his publications.3**

Tellingly, Hassl6f used different translations of Arnoul’s text when he developed his ideas.?*? For
unknown reasons, the latter translations, convey a different idea to that of the original text. This
faulty translation provided the evidentiary support to the idea defended by Hasslof that the Dutch
shipwrights of the period did not have a method of pre-design and that they designed and built
simultaneously, making design decisions during the process of construction.?** Unfortunately, this
distorted message has been adopted within current scholarship, thus, not taking full advantage of
Arnoul’s original text. Appendix A shows the different translations used by Hassl6f and the
distorted message that the latter versions seem to convey. It is an interesting portray of the
manner in which the evidence is interpreted in line with a pre-established narrative, instead of

shaping the narrative according to the evidence (appendix A).

This is what Arnoul had to say about the manner in which the Dutch built and shaped their hulls:

339 Arnoul. 1670. Remarques faictes par le sieur Arnoul sur la marine d'Hollande et d'Angleterre dans le
voyage qu'il fit en I'année 1670, par ordre de Monseigneur Colbert..

340 Basch. Ancient wrecks and the archaeology of ships, p. 40; Hocker. Bottom-based Shipbuilding in North
Western Europe, p. 83; Lemée. The Renaissance Shipwrecks from Christianshavn, p. 42; Unger. Dutch
design. Specialization and building methods in the seventeenth century, p. 155; Van Duivenvoorde.
Dutch East India Company Shipbuilding, p. 31.

341 Hasslof. Carvel Construction Technique, Nature and Origin, p. 54.
342 An analysis of the original text and its translations is shown in appendix A.
343 Hasslof. Main Principles in the Technology of Ship-Building, pp. 59-60.

96



Chapter 4. 16" and 17" century treatises

The first thing | have noticed is that as a rule in France one begins to place the floors
immediately after laying the keel. In Holland, on the contrary, they begin with the
planking and do not shape the floors until they have fitted as many as ten or twelve
strakes. They know the width they should give [to the bottom] forward, aft and
amidships, and thus they get the form of their ship by-eye, shaping it in whichever
manner they wish, since they have the same facility of working inside as outside. This
also ensures that the planks fit much better against one another. And as to the floors,

they then cut them according to the [shape of the] planking [...] (highlights JPO).3*

Reading this account written by Arnoul in 1670, it could be concluded that Dutch shipwrights
building in the Dutch bottom-based tradition had a clear idea of the shape of the hull before its
construction began. The shipwright knew the breadths of the bottom of the hull at three key pre-
decided positions (forward, midship and aft). Therefore, the shipwright had a clear idea of the
shape of the bottom of the hull before the construction started (figure 46). This may not seem like
much in way of pre-design. However, if it is assumed that the method described by Arnoul is
necessarily incomplete, as his description only amounts to a few sentences, and that much detail
must evidently be lost due to the brevity of the account, the conclusion that it is a method that
describes construction by-eye, with no idea of pre-design, where the shipwright is building and
designing simultaneously, cannot be necessarily inferred as Hasslof did (see appendix A for a
longer analysis). When Arnoul's text is read in conjunction with Witsen's 1671 text —analysed in
the following section— a picture will emerge that shows that 17th century Dutch shipwrights had
methods of pre-design of the bottom of their ships. In these methods the pre-established idea of
the breadths and deadrise angles of the bottom of the ship at several pre-established positions
along the ship's length played a leading role.?* However, the transversal section of the hull
through its widest point, the master frame, would also play a relevant role, and, not necessarily a

secondary role (chapter 7).

4.10.2 Aeloude en hedendaegsche scheepsbouw en bestier (Nicolaes Witsen, 1671)

Full title: Aeloude en hedendaegsche scheepsbouw en bestier
Author: Nicolaes Witsen

Type of publication: Printed treatise

Year and place of publication: 1671, 1690, Amsterdam

344 Hasslof. Wrecks, Archives and Living Tradition, p. 170.
345 As clearly stated by Arnoul and Witsen below.
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Editions consulted: 1671, 1690 and Hoving’s 2012 edited version: Nicolaes Witsen and
Shipbuilding in the Dutch Golden Age

Language: Dutch (English translation by Hoving)

Nicolaes Witsen was the Director of the West India Company and a member of the Admiralty of
Amsterdam. He was not a professional shipwright. Based on this, different authors interpret the
validity of the contents of his treatise differently. Unger, for example, thought that he knew little
of practical shipbuilding and reported only what others told him.34¢ Basch and Hoving, on the
other hand, considered him a man with a deep knowledge of the practices followed in Dutch
shipyards of the period.?*’ Similarly, his contemporary, Aubin, described Witsen as the most
illustrious author who had ever written about shipbuilding.3*® In all probability it will never be
possible to state beyond any doubt which of those two opposing opinions reflects Witsen's true
knowledge. However, based on the present author's personal study of Witsen's treatise, Ab
Hoving's opinion is followed and it will be argued that the treatise is a good source of valuable
information with regards to the practicalities of Dutch shell-first ship construction during the
second half of the 17th century. The original is written in Dutch, therefore, incomprehensible for
the present author. However, in 2012 it was translated into English by Ab Hoving which has made

it accessible to a wider readership.

Hoving's 2012 edition of Witsen’s treatise gives a direct translation of most of Witsen's text
related to ship design and construction which has been rearranged in order to describe the
construction and design process in a more orderly manner than in the original document. Other
themes like sail theory or navigation are not reflected in the edited text. Alongside the translation
of Witsen's original text —but readable as a totally independent text—, Hoving gives his own

interpretation of the original text.

346 Maarleveld, T.J. 2013. Early Modern Merchant Ships, Nicolaes Witsen and a Dutch-Flush Index.
International Journal of Nautical Archaeology, 42(2), p. 349; Unger. Dutch design. Specialization and
building methods in the seventeenth century, p. 156.

347 Basch. Ancient wrecks and the archaeology of ships, p. 5; Hoving. Nicolaes Witsen and Shipbuilding in
the Dutch Golden Age, p. 70.

348 Aubin. 1702. Dictionaire de Marine, p. 2-v.

Aubin translated the contents of Witsen'’s treatise into French as a French—Dutch dictionary. The author
informs that most of the information was translated from Witsen’s dictionary although other sources
had been consulted as well. Translations from Witsen’s treatise are distinguished by using quotation
marks. Thus, it could be used as a contemporary source of information about the contents of Witsen’s
treatise.
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Such a profound and detailed analysis of the text could have produced a nuanced description of
the whole design and construction process as defined by Witsen in his treatise. However,
although the translation by Hoving is truthful to the original content,?* the interpretation of the
construction procedures can be critiqued. The text could have been used to try to learn from it
what design procedure Dutch shipwrights of the period may have used to shape their hulls. But,
instead of taking this opportunity, the analysis starts with Hassl6f's theoretical work as a premise
and the text is approached with the pre-established idea that there was no pre-conceived method
of conception. Thus, what should have been a conclusion drawn from Hoving's careful study of
Witsen's treatise, is stated as premises instead. The danger of starting from the point one tries to

establish was put forward by Gould:

For archaeologists, the most serious potential pitfall is what historians of science call the
fallacy of affirming the consequent, that is, assuming the very thing you should be trying

to find out. 3*°(Emphasis in original)

Cases of subjective interpretation will be highlighted and Witsen's text will be interpreted in a,
hopefully, objective manner. This will result in a clearer picture of the practical procedures

followed by 17'™-century Dutch shipwrights to conceive the shape of their hulls.
A critical reading of Witsen's treatise

In the introductory sections of his modern edition of Witsen's text, Hoving set the groundwork by
making clear what is the currently accepted theory regarding hull-shape conception by 17%-
century Dutch shipwrights. He does it by introducing the key ideas as facts, as accepted wisdom.
This sets the reader into the right frame of mind in order to understand the text, and, more
importantly, it highlights the frame of mind of Hoving in order to understand why certain
passages of the book are interpreted the way they are. This most enlightening passage in the

introduction of the book reads:

[In Dutch shipbuilding of the 17™" century] there was no distinction between design and
execution. The shape was not designed on the drawing board but was shaped during

the building process, not on the basis of an engineer's calculations but through the

349 | have to thank my colleague Thomas Dhoop for his assistance in comparing the original text with
Hoving's translation.

350 Gould, R.A. 2001. From sail to steam in the late nineteenth century. In M.B. Schiffer (ed),
Anthropological Perspectives on Technology. Albuguerque. University of New Mexico Press, p. 194.
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master builder's active engagement in the building process in the yard (Highlights by

JPO). 3!

Thus, Hoving starts by setting the premise that there is no process of pre-design of the ship.
Further on, he continues: ‘The design came into being in the yard through the actual construction
of the ship itself’.3>? It is this idea that there is no difference between design and execution, that
the ship is built and shaped (or designed) at the same time, which leads Hoving’s reading and
interpretation of the text. It is not an idea that is inferred from the contents of the text. Itis a

premise accepted without discussion, previous to the reading of the text.

However, in a previous publication Hoving acknowledged that there were many rules and
proportions in place that ‘produced the measurements of all the parts that had to be worked out
into the ship’. These rules were codified in such a way that they could be recorded into written
specifications, which ‘provided the master builder with the limits within which he had to build the
ship’.3>® Therefore, although the idea of pre-design is not accepted readily, the existence of
written specifications detailing important limits to the construction of the ship is acknowledged.
Such specifications did not refer to physical elements of the hull and rigging only. They also
described certain dimensions which show that before construction began shipwrights had a series

of control dimensions that guided the shaping of the hull (figure 47).
The shaping/building process according to Witsen:

The process of ship construction according to Witsen can be described in the following steps.
They are well described in the original text which is illustrated with numerous drawings and
diagrams. All the references below are taken from Hoving's edition of Witsen's treatise, and
unless otherwise stated they represent Witsen's original ideas and not Hoving's modern

interpretations.

In order to build a ship, shipwrights could follow different rules of proportion that allowed them
to work out the dimensions of the different parts of the ship. These rules were not to be followed
strictly. They acted as guidelines which could be modified at will but at the same time gave

assurance that as long as one followed the rules closely the results would be satisfactory.3>*

3

[Vl

1 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 9.

3

[

2 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 9.

3

v

3 Hoving. A 17th-century Dutch 134-foot pinas, Part 1, p. 212.

3

[vd

* Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 9.
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Once the main proportions and dimensions of the different structural members had been
established, based on rules-of-thumb, the backbone of the ship could be erected (figure 48). This
consisted of the stem sternpost-transom assembly, and keel. Next, the first planks of the bottom
could be installed in place against the keel. This first plank (the garboard) was placed at a specific
angle (deadrise angle) with respect to the keel, held in position by a series of pre-made
provisional transversal floor-cleats (figure 49). Once the garboards fitted snugly against the keel
they could be fixed to it and to the provisional floor-cleats. The next row of planks could then be
fixed against previously laid planks. However, as there was no internal framing to guide this work,
long clamps held the planking provisionally (figure 49). In order to fix planks to each other, short

pieces of wood, cleats, bridging the seams between planks were nailed in place (figure 49).

Witsen's description matches very well with Arnoul's description above. They both agree that
shipwrights knew the breadths of the bottom of the ship at specific positions along the ship's
length before the process of planking started. Witsen supplies further detail by informing that in
addition to the breadths, shipwrights also had a preconceived idea of the deadrise angle at those
specific positions. Witsen does not specify a rule by which deadrise could be chosen. However, he
gives examples of deadrise angles at different longitudinal positions for several types of ships.®>®
Therefore, it is evident that at this early stage shipwrights had a very clear idea in their mind of
the shape of the bottom they wished to obtain. Three widths and deadrise angles, plus, the self-
fairing effect of a smooth planked bottom was all the information required to store the three-

dimensional shape of the bottom (figure 50).

Hoving acknowledges that ‘together with the width of the bottom, setting the deadrise was
another of the typical desigh moments in which the properties of the vessel were determined.”*>®
However, his acknowledgement of this fact is not sufficient for him to accept that there could be a
degree of pre-determined design in the shaping of the hull. The setting up of the deadrise seems

to be an impromptu decision of the shipwrights rather than a preconceived idea.

Following Witsen's account, once the bottom had been planked up, internal floors were

introduced and the bottom planks were fixed permanently to them. These floors gave cohesion

This freedom to change the rule as desired is pointed out as a uniqueness of Dutch flush construction.
However, a careful reading of contemporary ‘frame-first’ treatises in this chapter shows that the same
can be said for the procedures described in them. The authors of these treatises described practical
methods, with specific rules of proportion and geometric constructions, which could be altered by
shipwrights according to their particular needs or ideas.

355 Witsen in Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 59.
356 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 62.
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and structural integrity to the bottom, therefore, the short cleats bridging the seams could be
removed at this stage. The next step —and probably the most important step in the definition of
the transversal shape of the hull- was the erection of the master frame. This master frame —or
part of a master frame— consisted of the floor and two bilge-futtocks bolted to it (figure 51).3%’
The next step consisted in planking the bilges of the ship that, amidships, would be fixed to the

mainframe as far as the pre-erected bilge-futtock.3>®

At this stage, the bottom would be fully planked-up and one main frame, or a few frames would

359 were

have been erected. In order to obtain the shape of the rest of the frames, ribbands
installed longitudinally from stern to transom (figure 52). These defined the external shape of the
hull, and were used to obtain the transversal frames at any convenient location of the hull using
different devices specific for the job (figure 53). Following this, planks were fixed to the pre-

erected protruding frames.

It could be argued that the shape of the master frame inserted above could have been defined by-
eye. However, just as likely it could be argued that shipwright must have followed some pre-
established procedure to shape the master frame of the hull, in the same manner that it is argued
that frame-first builders who make the frames before the planking must have been in possession
of a pre-design method in order to shape those frames. Interestingly Witsen describes in words
and images a geometrical construction followed to derive the shape of the master frame of the
ship he uses as an example throughout his book (figure 54).3%° The original text does not mention
that this method is Witsen's invention, or that it is something he wishes to propose as an
innovation. On the contrary, it is shown as part of an illustration and description in the main text
showing all the steps followed by Dutch shipwrights to shape and build their ships, as described in

the previous paragraphs. The figure is shown in its original configuration in figure 55.

Witsen's description of a geometrical method to derive the shape of the master section would
seem to confirm that Dutch shipwrights of the 17" century had indeed methods that allowed
them to pre-define the shape of their hulls before construction. It must be remembered that this
is the main contemporary source of information, and thus, it should carry some weight in the

current narrative. However, in his interpretation Hoving considers —without any supporting

357 Witsen in Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 63.

358 Witsen in Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 64.

359 Long flexible battens bent around frames to assist the shipwright in defining a fair shape (see figure 52).
360 Witsen in Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 17-figure 1.11.
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evidence—that the method of designing the shape of the master section described by Witsen is a
method devised by Witsen himself to ‘raise the status of the building method he advertised.’¢!
This idea is echoed in other works describing 17" century Dutch shipbuilding.3%? Following this,

Hoving adds:

If Witsen's geometrical method was used by shipbuilders after all, it can only have been
used to design a frame on paper. In the yard it would have been useless, for with the
shell-first method, no entire frame was ever assembled to be raised on the keel; instead,

section after section was fitted in the hull, following the building stages.?

This idea that ‘with the shell-first method, no entire frame was ever assembled to be raised on the
keel’ was proven to be wrong by Van Holk who found archaeological evidence which shows that
ships of this tradition, some at least, were built with fully pre-erected master frames.>®
Furthermore, figures drawn by Witsen (Figures 54 and 55) and Hoving himself (figure 52) show
that full frames were erected as a matter of practice in Dutch ship construction. Additionally, a
contemporary illustration by Swedish author Ralamb (1691) shows a ship being built in the Dutch
tradition, showing again that full master frames could be erected in the early stages of building a
ship (figure 56).3%° Therefore, if the existence of pre-erected master frames have been proven in
the archaeological record, and there are contemporary depictions that show them being used,
there is no objective reason to claim that the idea described by Witsen must be an invention to
raise his status. On the contrary, Witsen’s account should be taken as valid and accept that the
frame arrangement shown in figures 51 and 55 could have been built by following a geometrical
construction similar in concept to the one drawn by Witsen, shown here in figure 54 and 55. It is
notable that, despite the description and figure by Witsen, the drawing by Ralamb and
archaeological evidence described by Van Holk, Lemée, Rose and Batcharov, Dutch shipbuilding
has been forced into the category of 'shell-construction' and is still interpreted as 'built by-eye'

according to no pre-conceived design or ruleset.

Final evidence in favour of the proposed idea that current interpretations of Witsen's treatise

have been influenced by the pre-conceived theories of shell- and skeleton-construction as

361 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 18.

362 Ditta et al. Albrecht Diirer and Early Modern Merchant ships, p. 93.

363 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 18.

364 van Holk. Maritime archaeology, mind-set and money, p. 46.
365 Ralamb, A. 1691. Skeps Byggerij Eller Adelig Ofnings Tionde Tom.

103



Chapter 4. 16" and 17" century treatises

outlined by Hassl6f come from the analysis of figure 55. In Witsen's original text this figure is
shown as a unit next to figure 49. These figures illustrate the text in pages 168 and 169 of
Witsen's (1690) original text, where the process of shaping, framing, and planking the hull is
described. If the figures and accompanying text are read as Witsen meant, as a coherent unit, it is
easy to conclude that in order to make the frame shown in figure 55-V the shipwright must have
followed a method which could be the method illustrated above it and expressed in the text, or
any other similar method. However, when the image is split and reproduced in different parts of
the book, as is the case in Hoving's edition, the coherence of the method and the link between a
method of pre-design and the making of the frame is broken. It is easier for a modern reader to
accept that the geometrical construction shown in figures 54 and 55-W responds to Witsen's
wishes to impress when it is reproduced in the introduction of Hoving's edited text (in page 17),
separated from the rest of the original figure and text (in pages 61 to 72), than when the full

figure and original text are shown in their original composition.

In a final example that shows the difficulties of reconciling established theories describing the
procedures to shape hulls in 17" century Dutch shipyards with the detailed account given by

Witsen, Hoving writes:

We do have assurance that ships built [following Hoving's instructions based on Witsen]
will have the right proportions and characteristic features [...]. The shape of the bow and
stern of a hull thus reconstructed can of course be questioned for these depended
directly on the talent and experience of the individual shipwrights. But their secrets have

accompanied them to their graves.3¢®

Therefore, in previous paragraphs, Hoving expresses that the shape of the bottom of the hull had
to be ‘left to the eye of the master-[shipwright]’,*®” as the shaping process did not follow a pre-
established design process.3®® While, in the quotation above, Hoving acknowledges that by
following the steps described by Witsen precisely it is possible to reproduce a ship with the right

characteristics, with the exception of the shape at the ends that were normally faired ‘by-eye’ by

366 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 204.
367 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 62.
368 Hoving. Nicolaes Witsen and Shipbuilding in the Dutch Golden Age, p. 9.
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the builders. This shows the difficulty of reflecting the contents of Witsen's treatise in a way that

fully agrees with the currently accepted theories.3¢° 37°

4.10.3 De Nederlandse Scheeps-bouw-konst. Open Gestelt (Cornelis van Yk, 1697)

Full title: De Nederlandse Scheeps-bouw-konst. Open Gestelt
Author: Cornelis van Yk

Type of publication: printed treatise

Year and place of publication: 1697, Amsterdam

Editions consulted: 1697

Language: Dutch

Van Yk’s treatise will be addressed briefly. It has not been translated, therefore, this author has
had limited access to its 357 pages. Still, with a few translated pages it was possible to obtain
some information which complements Arnoul’s and Witsen’s accounts above. On the introductory
pages the reader is informed that Van Yk had had twelve years’ experience as a shipwright under
the orders of his uncle from whom he inherited his builder’s notes with information regarding
past ships. From those Van Yk believed he could extract some general rules. While describing this,
Van Yk referred to Witsen’'s treatise above, and although he had not read it, he mentioned the

opinion of his colleague who praised Wisten’s work.3"?

Besides highlighting the importance of Witsen’s work, Van Yk’s treatise provides a very interesting
section in which he discusses how to control the shape of a hull, and shows the tools used in the

process. Some of those tools enrich Witsen’s and Arnoul’s accounts.

The treatise describes the manner of shaping the hull for different types of ship, each on their
heading. The first of the design ‘tools’ available to the shipwright of the period is the knowledge
of the deadrise angles at two specific positions on the hull for different types of ship, forward and
aft of amidships. This is clearly shown in a figure and is also referred to within the text. The bevel

angle at the master section is given in another section of the treatise where the making of the

369 Some authors have identified evidences in their archaeological research which may be used to argue in
favour of methods of control of hull shape and design in Dutch shipbuilding. Most notably, see, Lemée,
Rose, Batcharov and Van Holk (chapter 2.2.3.5).

370 Lemée. The Renaissance Shipwrecks from Christianshavn.

371 Van Yk. De Nederlandse Scheeps-bouw-konst. Opdragt (unnumbered pages). | have to thank my
colleague Thomas Dhoop, and Jaap Luiting for translating the relevant passages of the book.
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keel is discussed (figure 57).372 Therefore, the idea described by Arnoul and Witsen is repeated
again, in a different contemporary source. In addition to this tool, the shipwright stored the
longitudinal curvature of widest point of the hull, the breadth line. This information was stored in
a wooden staff, as a series of marks which indicated the height of the breadth line at specific

positions of the hull (figure 58).373

This very brief description of Van Yk’s work should reinforce the idea that, indeed, Dutch
shipwrights of the period had design methods which helped them shape their bottoms, and with
the aid of simple recording staff, they could also store and reproduce the perimeter of the hull

along its point of maximum breadth.

4.10.4 Conclusion: early modern, bottom-based, Dutch ship design

This section should conclude by remarking that there is a clear discrepancy between the
contemporary information regarding early modern, bottom-based, Dutch ship-design practices

and the manner in which they are described and interpreted in the literature.

With respect to the latter, the idea that Dutch shipwrights of the period built and conceived the
shape of their ships simultaneously, without a preconceived idea of design, where the eye played
a leading role, seems to be heavily influenced by the theoretical framework established by
Hasslof. This framework seems to distort the interpretation of the design-paradigm of Dutch
shipwrights. The contemporary sources of evidence, on the other hand, point clearly that there
were design methods in place. Evidences of some of these methods had been recognised in the
archaeological record. Most notably, Lemée’s research and analysis of 17™" century Dutch ship-
wrecks helped identify some control tools that may towards methods of pre-design on Dutch
ships.3”4 Similarly, Kelby Rose’s analysis of the remains of the 17®"-century Vasa allowed him to
suggest that simple geometry might have been used to design the turn of the bilges of the master
section of the Vasa.?”® In addition to those, possible evidences of pre-erected control frames were

identified in the bottom of the Vasa by Kroum Batcharov,?’® Further evidence of the use of pre-

372 yan Yk. De Nederlandse Scheeps-bouw-konst, p. 72.
373 Van Yk. De Nederlandse Scheeps-bouw-konst, p. 72.
374 Lemée. The Renaissance Shipwrecks from Christianshavn, p. 140.

375 Rose, K. 2014. The Naval Architecture of Vasa. A 17-century Swedish Warship. Phd Dissertation. Texas
A and M University, p. 292.

376 Fred Hocker, personal comment (January, 2017).
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erected main frames by Dutch shipwrights was identified by André van Holk in his study of the
early 17™" century OE 34 wreck of Dutch construction.?”” Thus, the archaeological evidence
provides compelling evidence to suggest that Dutch shipwrights of the period had concrete
methods of pre-design and of control of three-dimensional hull shape. However, the significance
of these methods of pre-determining shape and their role in the storage and transmission of hull

shape has not been fully recognised, generally, in the current scholarship.

4.11 Closing remarks: 16" and 17th century treatises.

In the previous sections, a total of 12 treatises have been described dating from the 15" century
to the end of the 17t century. From the analysis of each treatise a picture emerges which shows
that all treatises —with the exception of the Dutch treatises— share a common design paradigm
based on simple geometric and transformation rules. These can be described in very general

terms in the following manner:

a) The shape of the hull is defined by a series of lines which are used to generate its three-
dimensional shape based on a few control parameters. The shape of these lines is

obtained by a series of graphical, geometric or mathematical procedures.
b) The lines used to generate the three-dimensional shape of the hull are:
o The ship’s profile shape; made up of the keel, sternpost and stem.

o The master frame which determines the transversal shapes of the frames of the

hull.

o Several rising and narrowing lines which determine how the shape of the frames

change as they near the ends and ‘move’ further away from amidships.

c¢) The method could be used directly on a full size loft floor, or by drafting a simple plan

previously where the lines mentioned in point (b) were drawn.

d) The lines shown in the drafted plans do not inform of the surface of the hull. Instead, they

show the lines defined in point (b). Sutherland (chapter 5) aptly called these lines ‘the

377 Van Holk, A.F. 2014. Maritime archaeology, mind-set and money, the IFMAF and the Zuiderzee:
Education, research, awareness and management, p. 46.
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Lines that shape the Body’.3”® With the exception of the plans drawn by Deane, they

provide little additional information about the real shape of the surface of the hull.

The analysis of the Dutch treatises and the contemporary texts that refer to them, has highlighted
the disparity between the manner in which Dutch shipwrights are understood to conceive the
shape of their hulls and the original description in contemporary texts. Thus, whilst modern
scholars define Dutch methods of conceiving hulls as a process in which the hull was built and
shaped simultaneously, without a process of design (chapter 2), the analysis of the treatises and
texts, and supporting archaeological material, has shown that, contrary to this, Dutch shipwrights
designed key elements of the hulls before the construction began. This allowed them to establish
the shape of the hull prior to the construction process. The repercussions of this will be discussed

in chapters 6.

In the following chapter a series of treatises will be analysed which describe methods of ship
design which function in the same principles as the ones analysed up to the moment. However, as

it will be shown, the quality of the drafted plans will change during the 18" century.

378 Sutherland. Britain's Glory: or Ship-Building Unvail'd, p. 25.
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Chapter 5: 18 century treatises

This chapter will continue the analysis of early modern ship design treatises written in the 18"
century in order to identify the conceptual approach to ship design and its relation with previous
modes of hull design. These treatises show a more sophisticated use of graphical representation
than the ones analysed in the previous chapter. However, although the visual representation of
the hull and its design methods appear to be different it will be shown that in essence the
conceptual approach to hull design remained unaltered. At the end of the period analysed here
(early 19" century) these methods lost favour and new methods based on ‘science’ took their
place, at least for the construction of larger ships within an industrial, technologically developed,
environment. This analysis will lead into the discussion in chapters 6 to 8 where some of the
shortcomings of the current narrative will be highlighted and a more nuanced description will be
provided of the realities of the knowledge contained in these treatises and of the knowledge-

space and social realities of early modern shipwrights.

5.1 The Accomplish'd Ship-Wright and Mariner (John Hardingham,
1706)

Full title: The Accomplish'd Ship-Wright and Mariner

Author: John Hardingham

Type of book: Printed

Year and place of publication: 1706, London

Edition consulted: 1706

Language: English
This treatise has remained largely ignored in the literature that describes the development of
shipbuilding knowledge of the early modern period. This makes it particularly interesting. The
author, John Hardingham, describes the design process followed to design cargo ships which
would have been built on commercial yards, not necessarily influenced by the construction and
design practices of yards involved in the design and construction of state sponsored warships. The
following extract of the introduction clearly sets out that the contents are intended for the

practical carpenter.

The design of this Tract is Principally to Instruct the Practical Carpenter and Mariner
how to Build a Ship for Burthen and Sailing; and by the Rules of Proportion to Mast her,

and fix her with Sails and Guns, and Equip her fit for the Sea, by those Proportions and
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Rules mentioned therein; and last of all, by easy Rules and Methods, Safely to Navigate

her.3”°(Highlights JPO.)

This intended readership may not be versed on mathematical and theoretical knowledge, thus,

the book was written in a practical and simple style:

| have endeavoured in as plain a method as possible | can, to be understood by the
meanest Capacity, in these parts of my Labour and Study, to level at the mark so near as

at last, the Industrious, may come to hit the white.3%

Despite Hardingham's appeal at simplicity the 406 pages of the book cover a very extensive array
of topics in six chapters. Basic geometry, basic mathematics, ship design and rigging, gunnery,

astronomical navigation, trigonometry, and so on.

Hardingham's signature, at the end of the section called to the Reader gives a final glimpse of the
author and of the treatise itself (figure 59). By signing as Your Mathematical Friend, Hardingham is
declaring his interest in a knowledge based on sound foundations. However, when Hardingham
signs as a Lover of Arts and Honest Artists, he is highlighting the reality of the technological

background of the period which was firmly rooted in the practices of traditional craftsmen.

The chapter on ship design does not deal with any theoretical knowledge and it is written in a
language that is easy to understand and at the same time follows a very well ordered structure.
The method followed to design and shape a hull is described in detail by Hardingham and, in
common with all the other treatises seen above, it is based on the design of a master section and
several rising and narrowing lines following geometrical procedures. The shape of the hull at
different transversal positions is defined by the transformation of the shape of the master section

guided by the pre-determined rising and narrowing lines.38!

The material contained in Hardingham's treatise shows similarities with Bushnell’s treatise
(figures 60). However, Hardingham section dedicated to ship design provides more detail and,

especially, more worked examples than Bushnell’s.

37% Hardingham. The Accomplish'd Ship-Wright and Mariner, p. ‘To the reader’ (unnumbered).
380 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. ‘To the reader’ (unnumbered).
381 These include the maximum breadth line which was shaped using similar principles.
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The process of design is described with an example of a ship of 65 feet on the keel.?¥2 Once the
keel length has been decided, the rest of the dimensions of the hull, the shape of the master
frame, the shape of the rising and narrowing lines and other features can be specified from

proportional relations.

Hardingham's method of obtaining the shape of his master section is identical to the one
proposed by Bushnell, although Hardingham describes how it could be modified to obtain ships
suited to specific needs. This is shown in figure 61. The general method is shown at the top and
the possible modifications for ships for burthen or for sail are shown at the bottom. The
construction of the rising and narrowing lines and their proportional relations are also discussed
in detail (figure 62) and they are based on arcs of circle. The design process is identical to the one
described by Bushnell in 1664 and requires that the shipwright draws the shapes of the frames on
a mould floor, using for this a three-part template in the same manner as described by Bushnell
above.?® Toillustrate the explanation Hardingham shows the shapes of the different sections as
they would appear on a drafted plan (figure 63), although in reality the process would be done
directly on the loft-floor. Hardingham provides a numerical method like the one described by
Bushnell to allow the builder to calculate the values of rising and narrowing of intermediate

frames without having to scale up from a small drawing.

Itis clear for the writer that every shipwright may have different ideas about proportions, and
that the dimensions he gives are just for illustration purposes only. This can be seen clearly in
expressions like: [...] set off 8 inches or more if you please [...]",%* or ‘[...] a foot more or less, as

you please.”*® The treatise is not to be followed in a prescriptive, manner.

There is no theoretical reasoning or justification behind the proportions chosen for any of the
geometric constructions used to determine the shape of the ship other than experience. The
knowledge accumulated from past experiences should guide the shipwright in making changes to
previous designs ‘thus you may proportion any ship as you intend [...] by augmenting to, or

lessening these proportions, or any proportions you will begin with [...].”38

382 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. 19.
383 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. 31.
384 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. 20.
385 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. 20.
386 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. 69.
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The lack of theoretical discussion is clearly evident in the treatise, and Hardingham feels the need
to explain why this is on at least two occasions. The first instance can be read in the section where
he discusses the relation between the shape of the master section and characteristics of the ship
such as capacity and stabilit. Hardingham treats these fundamental aspects of ship design in a
superficial manner. Aware of this, he offers his excuses saying that ‘was | to enlarge on this

Subject it would be a Volume of it self.’3®’

A second instance where Hardingham excuses himself for not dealing with theoretical aspects of
ship design can be found on the section called Direction how to Build a Ship for Sayling where he
discusses, succinctly, what shape would be most appropriate for a ship so that it would be a good
sailing ship. According to Hardingham such a shape could be obtained by studying the shape of
certain fish.3®® Following this, he concluded, however, that the ships whose design were based on
the aforementioned fish would only be suitable for certain services and that they would not be
suitable for cargo ships. Hardingham, claims to know how to solve this problem, and that he is
able to design a ship for the ‘Merchant Service’ —hence for carrying cargo— whilst retaining her
good sailing capabilities so that the ship would be ‘capable of escaping her Enemy in the
Ocean’*®, This, obviously, is a complicated matter and, therefore, Hardingham excuses himself for
not explaining it in depth. He reasoned that ‘[s]hould | enter on this Subject, it would be a Volume
of it self so only hinted it to you by the way.”*® This is followed by a brief description on the

merits of different water creatures (fish, porpoises) as models to be used in ship design.

Hardingham also proposes a method of calculating the displacement of the hull from a simple

plan where a number of frames are shown. The method is simple and uses a grid superimposed

387 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. 23.

38 The idea that fish could be used as models in which to base the shape of ships’ hulls had been suggested
before by the authors of several of the treatises analysed: e.g. Bourne, M. Baker and Bushnell. However,
fish swim under water, therefore their flow characteristics are very different to those of ships that sail
on the surface of the water. This is what Hardingham had to say:

The Dolphin, the Salmond [sic], or the Mackerel, bissected , and their ture [sic] Proportions taken
with all their Ellipsis, truly Squared and Cubed, and their Area known, are the true Molds for a
Sayling Ship, taking them in their length, breadths and depth, carrying their Proportions equally to
the Burthen of the Shyp you design to Build (Hardingham. The Accomplish'd Ship-Wright and
Mariner, p. 69).

389 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. 69.
390 Hardingham. The Accomplish'd Ship-Wright and Mariner, p. 69.
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over the plan (figure 64) which can be used to find the areas at the frame locations.3* With these
areas after a simple calculation the volume of the underwater portion of the hull can be found.
However, in common with other treatises that provide methods of calculating the displacement
of the ship, the method shown by Hardingham would only be suitable to check the volume under

a given waterline. It could not be used to design a ship of a given weight or displacement.

To summarize, Hardingham's method is conceptually similar to all the treatises described. A
master section is drawn based on an arbitrary geometrical construction. This shape is used to
obtain the shape of the other frames by a controlled transformation based on longitudinal rising
and narrowing lines which are also shaped based on arbitrary rules which can be justified only on
past experience. Based on Hardingham's words, the tone of the text and the contents, the
intended readership is clearly composed of practical shipwrights. The treatise is not to be
followed strictly and shipwrights are expected to vary the dimensions and proportions given to
suit their particular ideas. None of the dimensions, proportions or design methods is justified on

theoretical grounds.

5.2 The Ship-builders Assistant (William Sutherland, W. 1711)

Full title: The Ship-builders Assistant: or, some Essays Towards Compleating the Art of
Marine Architecture

Author: William Sutherland

Type of book: Printed

Year and place of publication: 1711, London

Edition consulted: 1711

Language: English
This is the first of four treatises written by William Sutherland (1668-1740)* that 