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The missing link 
By Ab Hoving 

Introduction 

Much hns been written in recent yea!"$ about lhe 
tc.:hnology of shipbuilding in Holh,nd during the 
sC\•cntecnth century. However, an importanl aspect 
tha1 has rc1naincd undernpprcciatcd is how. prior to 
c.-.onst,·uction, a ship's orig.in:.1.l design cante about. Did 
th• shell-first technique itself comprise the design or 
was there more to building a ship! According to ,vhat 
rules was the plan for a ship developed and when 
did that happen! Was lhe entire design worked out 
prior to construction or did that also happen partl)' 
during the process! 'The only thing that the famous 
book by Nicolaes V,'itsen ( 1641-1 i 17) Ae/011de ,,, 
Hede11dnegsclre Scheepsbo11w e11 Beslier (1671) offers 
us in the field of ship design is a simple sk<tch of how 
I he shape of lhe main f r.unr w.i.~ dclermined. (Figure 
I) However, if his suggestions urc applied to, for 
•••mplo, his own oxomple ship, the 13,a.foo1 pi11ns, 
a completely different shape will einerb"· \¥hat value 
should we now assign to this scheme? (Flgurt 2) 

Was this all that Witsen managed to extract from 
his naval architectural informants about this aspect 
of construction or did ht, as I have sometimes 
suggested, merely want to embellish his book a 
little b«ausc of the painflll lack of interesting 
geometric constructions in the shell first method? 
Such methods were elobonued In d<tail in other 
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I, Nicol.IC$ w ·111,rn: Constnx1iOO of m.1in frame. From: Arlourlr '" llf'• 
rlffltl-«0.: Sd1ttp.sl,o11wc,1 &tticr 11671 ). PL,tc LIi, \\t 

books he consulted, such as r1.1r1tembach, Pournier, -­
Crteentius. and Dudley. Did he perhaps think 
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that Dutch construction methods were a bit poor 
compared to tl1ose of neighboring countries? It is a 
tempting thought, but it does not seem very likely, 
especially because \\litsen has alwa)'s proven to be 
very reliable in lhe quality of his information. 

1bc discussion held on various forurns uhi1nately 
focused on I he ,,rrong question of whether or not the 
Dutch scvcnlcenth•century ,hipbuilder built his ships 
with lines plans in hand~ \Vrong b«~1use making a 
ship de.sign did not ncxess~nily depend on line$ plans. 
Abroa<l. too. there appear 10 h.a,·c been ma.ny other 
ways IO design a ship prior to cons1ruction. without 
the need for lines plans. Consider for example lhc 
whole moulding system that worked with three 
marked molds with which th< shape of each frame 
could be found, or the scratched planks o( some 
Sp,rnish builders. h is beuer to look at the moments 
when the ship builder had 10 resort on paper. As is 
known. no architectural drawings in the form of 
lines plans have survived of all those thousands of 
ships that were built in the Netherlands during the 
.seventeenth century and earlier, so at 1hat point the 
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2. \1/hffl \\'11,;c'n"s t.hc.'O«'IIQI framc-cooSU\l(UOn as appl.icd to the-~n 
fran~ or lhe pu,01 he d~ in dt111.1l ll .\l)pr-at-> 1~ 1k ltnpta• 
,h" mrthod pmdu.:o II complc1dy dur1mt11 .d,,pc. The l-dlld lhw rrp, 
~llh llw m.ain frin'l'M! of Ilk' r rruu., 11w dotted lhw 1h:i1 d \\i.11e11·i, 
1heorrtical rrame 
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di.scussion, 1,,.1hkh wa$ sometime.s qulle viciousl)' 
conducted by some, came to a halt due 10 lack of 
evidence. Yet l canno1 deny 1hn1 1he feeling of being 
lef1 whh an lncomplele story has always been present 
in me 100. lntu.itively a link was missing in the chain 
o(logical successh·e aclions within the construction 
system. 

But where should you look 10 find more informolion 
on this matter? Original drnwings arc thtrcforc no1 
a\•ailablc, the ships themselves no longer ex.ist, wrecks 
havo r.rcly been mapped 10 produce • crcdibk •nd 
complete lines plan, contempornry ship models are 
too unrcll:.1blc to auributt absolute documcnury 
,-Jlue to them, and 100 the artisllc historical treasure 
of paln1lngs, prints and drawings nr< of no value 10 us 
in 1hls regard. 

Or is this all a bit shor1-sigh1ed! 

Sources 

·1hc nice thing nbout internet forums is thnt 
somctimc1 someone pops up who c;in shed light 
on a. scemingl)' unsol\'·able 1nystery. 'The person 
who brings enJigh1enmen1 In this inaner is• Poltsh 
scientist, \Valdemar CurguJ, who has managed to 
analyze 1he geome1rlc unde,-lylog shape of various 
ships through reverse engineering. Unfortunately, I 
canoo1 lei him speak here himself, because he chose 
not to participate in the writing of this article. That is 
regrettable. but not insum1ountable, oh hough we will 
h;1vc to do without his explam,.tion of his research 
methods h<.•tt. The bottorn line is th:11 he nMnagcd 
10 mak,, II plau1lbl• 1ha1 \Vilsen was rlgh1 ond tha1 
som~ kind o( simple tht-oretical construct.ion did 
Indeed 1akc place before and/or during consirucllon, 
probal>ly on paper, although lhal is 001 a, all certaiJ1. 
'fhe availability of paper was a 101 less 01>,•ious in 
the seven1cen1h cea1ury than ii is today. It is equally 
possible that it was done in a much simpler way: 
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dlrectly on 1he wood. on a sla1<, or perhaps evon 
scra1ched il>lo !he dirt of !he shlp)'ard. Thal would 
explain why none of these things have survived. 

Which sources turned oul 10 be useful 10 moke 
geometric d~ign melhods in the l..ow Counlrics 
plausible? 

Pits! of rui !he« arc the rcw hull shapes 1ha1 have 
been left to us in the literature. As is known, \Vitscn's 
pi11as was measured down 10 the inch by him in the 
description of lhe ship and recorded in his book. lhe 
measured dimensions led to a per[ec1 lines plan of an 
average commercial ship. 

A.second opportunity is offered to usby 1be Vcr.:c11iRflc 
Oosti11disc/1c Co111p11g11ie (Du1ch Ens• India Company 
VOC), which laid down theshopeofilsE.,st lndinmen 
In a resolution ln 1697. 'lbe dlme11slons no1ed b)' 
P. van Dam in his 8e.sd1ryvinge wm de Oostindist/Je 
Co111pag11ie (1701) could also be conver1td into full­
fledged liru,s plans of three charters ofEas1 lndiamen, 
namely 130. 145, and 160 feet long and of a fluil or 
hagboa1 or 130 foOl. Th is defines Che original shapes 
or these r,,,. sh ips and they can be analrtcd. 

A second source of information appears to bi! a 
small number or measured hulls of shipwrecks. An 
example is 1ha1 of 1he V nsn, 1hc Swedish royal ship 
1ha1 is so mognlficently cxhibi1ed in 1bc Vasa Museum 
in Stockholm. But simpler and also much dearer 
is the wreck of the Samutl, better known among 
archaeologislS as the E8I. a pu1as looded with wine 
and oranges, which sank near the island of Schokland 
(in what is now called the Ijsselmeer) around 1650 
ond was discovered br 1he Archaeological Service in 
!he 1960s. The hull hos been excavnl<d and mapped. 
Today, large parts of ii c.an still be viewed on the site 
of 1h, former S1a1es yard \Villemsoord in O.,n fielder. 
Here too, evidence of geometric design appet,rtd to 
be prcsenl in !he drawings studied. (Figure 3) 

The third sou«e consislS or a few e>rly diflicuh-10- •8•, -
date drawings from 1bc period around !he transition 
to the eighteenth century, whkh appear to provid~ 
infom1alion aboul seven1een1h-ccn1ury ship hulls. 
Around 1700 there appears 10 be a tendency 10 
draw lines plans, although !he ,·ariely in their design 
shows 1h01 • suitable formal had 1101 yet been found. 
Some1imes frame sh~1pes were Oippc:d nt the-ir various 
locnt'ioru in lhe side view along their vertic,11 axis, 
sometimes nround n horizontal one in thr top \~irw 
and somrtim~ an ea.rly form of a body plBu appt'ars, 
with vitws drawn separately from c.'Jch othrr as we 
still use them todny. More obou1 1hn1 IMcr. 

The main frame 

V1'e choose from the first soorce, literature, \Vitsen"s 
pinas. As can be seen in Figure 2. the shape o( the 
main frame does not appear to correspond 1.0 its 
theorelical sketch shown above. According 10 his 
theory, the frame is: drawn within a reclangle. 1he 
l>ouom line of which indicales 1he lop of 1he !.£cl, 1he 
line shorl ly abo\'e 1ht1t indicates 1he ex1en1 to which 
the bottom rises. the third is the line lhat marks the 
top or the bilge, onel tht- top line marks the width 
and dcplh o f the ship, nnd is also th• lorolion of 1J1c 
m:isttr ribbJnd. From lh~kttl, a straight line is drnwn 
diagonally upwards 10 either side, represenliug 1he 
bouom. The width of iJ,e 00110111 (1wo-ilurds or !he 
wld1h of 1he ship) and its rise (half ru, inch for every 
foot of width) are thus determined. Witsen divides 
the wid1h of 1he ship, 1he 1op line. inlo four equal 
parls. raking 1hree parts as 1he radius for his cirde 
segmenl between 1he 1opof the bilge and the hull line 
(a·g). lie doc, not e,plain I he location of pOint h, bu1 
ii appears 10 be found by Inking one fiflh of !he ";d,h 
of lhe ship in !he compass and morking ii from bolh 
Ll,e edge of Llie bouom and from the bouom of 1hc 
circular arc ju.st found. From rht point 1hus found, 
the missing curve b~twttn tht bottom und the ore 
can be drown. (Figure 4) 

However, this cons1ruction does not appear 10 
correspond 10 lhe sh;,pe of !he pinas. It is e111irely 10 
Gurgul's credit chat he managed to locate the center$ 
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ol. \\'ltklU tat'tbod upblnnl! lhc- upper drrulJit ln.'. is dr.liwn Wilh 
thtt-e•quartcO CA lhc-wJdth c,l dw "'hip Pl the u:Wnplf.S, 1he s1nJl .m: b 
d,-;l,,.,'ft r,un tht W'l',w radlut.b)'OIW .fif1h of lht width. 11k widlh of tht 
iW&ct is l',·o-thirds ofche tol'al "'ldth, IOt th(' risil\l, on boch ,Id~ tht 

1-...-,--,,...,1------------l-­..... ._ .. -........ ... --... _ 
............ _ 

S. WttSen\ 1nt1hod applkd to 1hr 11-1-b>t pl,w actorJh,g to C.utgul 
11,.,, pw(IC IJOl:lll ~ thr aJnlpu,lft r...,. the, uppCT dttular art ii> .11 four-
1hint~ cir,~ width Tht' r.Mfius (l{ 1hc.• bcntorn ant li ont'•si)(th or dw 
,,.,idth.. 1:hr boctom OSC$6 i.ochn. Both this siir and lht width ol'tht 
bottom (21 (cct} .«rkllyfoU°"• the ruJe. 

of the circular arc.s of the pin.as by means of reverse 
engineering. These: appear 10 have been chosen 
differently for the pi11as than in Witscn's example: 
Instead of th.rec-quarters of the width of the ship for 
the upper arch, four-thirds was chosen. One-fifth of 
the width of the lower circular an: has been replaced 
by one-sixth. (Figure 5) Thesechanges fit in seamlessly 
with the way in which the shipbuilders dtalt with all 
the other rules of thumb that had bttn given to them 
by tradition. Shipbuilders have •lwuys pla)'ed with 
the nom\ when ll coines to sh3piJ'lg parts, as we will 

see in a momeoL They did this b«:ause they hoped to 
improve the performance of their ship. In any case, 
it is clear that geometric principles were indeed used 
by the Dutch shipbuilders when designing the main 
fmmc of the pi,,as .-i1\Cl rhot Wilsen$ cl rowing was 1101 

lhc result of his im.Jgin:ition. 

Crt-atlng a main frame desi.gn "·as irnportant, because 
the shlpbullder could take the shapes found 10 the 
timbc1· rnerchant to purchase trees wilh the correct 
cuniature. 

Wilsen r«eivcd much of his information from 
shi1>buildcrs, such :is Grtbber with his generic list of 
ship p,1rts for ships from 60 to 200 (!) feet, the Frisian 
Jan Jacobs.n Vijzclunr, and the 'famous ship builder 
Mr. Dirk Ra"':n: fronl whom he q,JOles a number of 

specification contracls. The qu-estioo is whether they 
had thtir tongues in 1heir cheeks with regard Lo the 
possibllily o( varying designs. because the profession 
of shipbuilder held secrets that would rather not be 
shared with third parties. It may also be that Witsen 
did not consider ii necessary to write more about ii 
than he did. In any case. the infonnation he provides 
in his book is like the rc,;t of his material: highly 
reliable. but it is cle•rly incomplete in this special 
case. 

Design and construction 

\'\'e will follow the construction of:. ~hip here as an 
exainpJe to see where. a pan from the construclion of 
the main frrune described above, the d,'Slgn moments 
exactly lay. The dimensions of the ship are of course 
determined in consultation with the diem. Let us 
assume a desired ship is l20 feet in length. 'lhe geuer.u 
building rules prescribe that the width was to be one 
quarter of the length, i.e. 30 feet, and the depth one 
tenth, i.e. 12 feet. But in the sur,iving specifications 
in, for eJ<ample, notary archives. )"OU rarely come 
across a ship 1ha1 exactl)• corresponds 10 the s1;1ndard 
in terms of dimensions. How did that happen? 

\Vhen • new ship is ordered. the client Indicates 
his wishes: type, length. function, geogr.iphlcal 
desllnalion, size of the crew. possible a1·11,ament, 
whether or not there are to be d«:k beams halfway 
the hold to create an orlop deck if necessary (an 
orlop deck is a temporary deck), etcetera. The 
craftsmanship of the shipbuilder is expressed in the 
successful application o( small va.riations on the 
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trndlilonal rules of thumb, based on Insight$ gained 
through e.,peri<nce. In fac t, this was often ttlso a 
n1aucr of feeling. Calculations of stability, resistance, 
speed, displacement. and loading capacity wcrt not 
made. For example, for a cargo ship. a somewhat 
narrower shape would have been chosen (or reasons 
of speed than a quaner of the length prescribed by 
the n ile of thumb, for a large warship, an extra foot 
or more could be added on either side. However, for 
the depth. 11s • rule of ~,umb one-tenth of the length. 
generally little deviation from the nonn was appli«l, 
excep1 in the case of groin carrictS, which were m3dc 
l \\'O feet $hallower lo prevent m-erlonding. Gmin is 
extremely heavy. 

The following list5 a number of ship parts that .,, 
probably not known 10 everyone. Ii is recommended 
that you visit the website https://wlt5enshipbuilding. 
nl. set up by the Cultural Heritage Agency of the 
Netherlands, where each item in the encyclopedia 
is clearly shown and discussed. One can also 
interncth•ely witness the shell-first construction 
t«:hnique there. 

When di$C\L$Sing the muin frt1me Q.bOvc, it was already 
mt1tlionl-d lhtH the builder played with 1hc rules of 
thumb on which the ,hip's design was ha.red, and ii 
also appears that • lot of variation on the rules of 
thumb is possible in other shape--drtem1ining parts. 
'lbe shapes of the stem and stem were also dctern,lned 
at the shlpbuUder's discretion. That shape depended 
on the funclion of the ship and 1he resulting imernal 
layout 1l1e nun\ber of decks was also a detennining 
factor. In the view of the seventeenth century~ a 
strongly raking stem was appropriate for a fas t ship, 
while an upright stem was chosen for a ship that 
had to be ab~ 10 load a lot. ' rhe same considerations 
applied to sterns. Van Yk gives the construction on 
paper of both an upright and a much raking stem. 
\\fitscn describes the ma~ing of both lhe stem and 
stern in deta.il but nowhere refers to a prc~drawn 
design. (Figure 6) Ii is striking in this design that 
the drn.wn <1unner circle is not stridly followed, but 
mt her SCr\'cd as :a guideline in the choict of the shtlpe, 

6, C".ctnlUuctlon u( 1 ~m .kCOtdl.ag to Van \'L Althoogh a Cittul;.w-.-c 
i.s, IIKd. ,hr , ,an~ no1 KlUow • rompktdf 

\\1e sec the same phenomenon at the transom. the 
na1 ''"" of the fuselage. where the geometry was 
al1<1 applied rather loos<ly. Although the use of the 
comp.1ss was lea.ding, h was not absolute. The shnpc 
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1. C,onutuedon t'lfthe 6'1hkin r~ hy Wihcn. Tht (tihiM rw,ce--,rm, 
lht shape C, 1ht squ:u"t 1udt. H~tt tOO. alth°"'$,h lb.; dr;iwn st ii. l~d· 
Ins,. 11 tt. not n«tiUrlJt (otluwtd. 
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11. A twbUngg.ubo11rJ .-r.tk<' mo,.ldc.J by ~Wtk'n Bui""-11',: Pffltionof th<' pbnl. (hang~'""'' &lmo,t burl.n.>l\t.al te>,'l!fUalap!n,t d"° .-nn. 1h'° 
loc-.,uon of I~ rolitl ion dt:tnmiec, tht' ,Ii.ape-c;f I he-hull. 

of lhc important and extcnshre (:1:,;,hion piece, which 
connected the transom to the sttrn, as ii were, winds 
around and through the drawn cln:ula,· arc. (Flgw·e 
7) 

Another imporlant design element was lhe garboard 
strake. This firs t strakA! next 10 the keel twisted 
somewhere afi from :llmost horl1.ontal 10 verticnl. 
to fit against 1he ioot of the srern. (Figure 8) The 
exac'l location o(thal turn had a major influence not 
onlr on the fullness nf lhe ship and 1hcn:fore on it, 
loading ~pacity, but nlso on its corr«l position in 
the water, laying down by the stern one foot for every 
SO feet of lhe •hip's leng1h. There WO! o method lo 
dcttrminc wht~re that rotntioo should tnke pince. lhc 
Oelfthaveo Cornelis vao Yk no1es a passngc in his 
De Nlelcrla11dul1c Sclre,ps-8011w-Ko11u Ope,, Gestt/1 
(1697) abou1 lhe shape of his fore and aft frame. He 
describes a somewhat differenL conslruction process 
than \ 'Vitsen did. In his ,•ision there were two central 
frames of lhc same shape and a fron1 and a rear 
frame,all four of which were dedsh·e for ilie shape of 
1he ship. (see Figure 12) He shows how a conne<:tion 
could be made between the shape of the forward 
frame, which he placed on 1he bull of lhe Siem and 
keel, and the aft frame. which was placed al the same 
dis1ance from the aft perpendicular. He achieved 
1aking in10 accounl bolh the desired amount of 
laying deeper or the srern and the narrowing of 1he 
ship towards the rear in his design. (Figure 9) 

The randomly drawn hori1.on1als in lhe fore frame on 
the left are raised as a r<1ull of 1he ship lying deeper 

In the slem and shorter due 1.0 lhc nnrrowlng of the 
ship towards tbe aft. 'Lhe position of the garboard 
st:rake gives an indkation or where it should start to 
twist. Jt is dear that thts.t two frames must have been 
designed on paper. On lop of that, Van Yk depicls a 
number of adjus1able squares, all of which indicate 
the angle wilh the keel on the fore and aft frame of 
different types of ships,• hooker,• Ouit, hro lhrce­
masted ships, and• herring buss (l'igurc 10). A good 
example o( archiving for reuse. Apparently a new 
dtsign was not made for every ship. but experiences 
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9. CQns.ttuetlffl Qt the alt fr.unr (tiJJu) dcr\,-.ed fm11n the ro~ fl'UIC 
(l('ft.). 111.t f<IR' r,.-.wt,c b 1 41ghtly inuUtt copy" 1hr. m.aln (r.amo: and 
I• 11'.Koctdal. lht JuncOon oftN kffl ind ~tm. (,c,c I01> RgW'\' 12) Thc­
dl.lftrtt1tt in M'lght bctWttn tht hori:1on1ah in both rr.i,mcs k auwd 
by the-d~ $Ccm depth {tl:N: 1t,u o( the $hip lying d«pC'r llvin the 
(ron1). 11w J1lan h ,urra.'t'r-beau~ tht 1~ 1c-t ttbbatld .urrow, 10• 

w.u(h tht" h'ilf 1~ knSOb o(1lw lu,ri1.0111.t, farm 1hroudi1tc Qf 1hc 
frame-. Nocj/' lh(" ang)t of the guzboatd ~..-.k, tht· finil MltCltn pLNdt 
next 10 tht-kttl 
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gained from previous conslructlon pl'O)ects were 
reused. 

Another part lhat inRuenced the character of a ship 
wos the widlh of the bottom of the ship. which. 
nccording to \Vitsen, sh<>uld be two-1hirds of the 
cn1 ire width. Another decisive part, the 1r;-111Som ► 

should be given the same proportion. Van Yk. ,V"ho 
pubhshed his book twca,ly•six )"Cats after \\'itsen) 
sees no connection bel"'een the h\'O and opls for n 
transom that ineas.urcs 1hree..quatters of tht width) 
which resuhed In a more spacious stern, en1Jn:ly ln 
accordance with the d,--elopmeot of ship design In 
the ~venteenth century. (Van Yk, 62) lhe bouom 
could rise more or le$$, depending on the views of 
the mas1er builder, and also with regard 10 the width. 
various specification coa1rac1S show that the ruks 
were nol ulways rigidly rollowed. Here too, more 
variation is possible 1h,m just wha1 lhc st::mdn.rd 
prescribed. Hmvc,·er. tm elabonation on paper does 
not .seem to ha.vc been llt"('.CSS11ry here. As the bottom 
grows, c.onstruc1ion already begins to reach a stage 
where one action calJs for the next, \\1i1 houl the 
nc.-cd for any means other tha.11 constant <.:onuol of 

symmetry. 

The run of the mas1er rlbband was of great 
importance. 1his was a tcmporar)r strake that was 
placed around 1he ship and made visible the ouli inc 
and therefore 1he width of lhc hull 10 be buill. In 
addition lo the width, the strake also delennined the 
depth in hold (the distance in the hold be11,·een the 
1op of 1he keel and 1he heigh! or lhe mas1er ribband) 
and it is no wonder that Van Yk writes t·hal some 
shipbuilders kept those master ribbands 10 be re­
used for a possible lnrer similnr ship. (Van Yk, 75). II 
was also important that the master ribb~md indicated 
the shttr of the ship: the wales. the timbers that were 
so visually important were placed e..<tactl>r abcvt and 
below 1he r ibband. Here Gurgul no1iced something 
!hat h3! hitherlo been overlooked by everyone: lhe 
stem was supported on either side- by a brace. (Figure 
11) Several images show 1hat a horizontal plank had 
been placed againsl I hose two bmces. II may have been 
intended as an imer,onneclion between the braces 

10 A♦-.t~lc- >qo;u-"" uloC\l lo ,nc-.a,.-,~ 1ltr .-1'5k bcc-wn 111.ibw,d 
$1~ and km rqiseffcd fo, ,'I~- a lluil, h\'O ,-hips. and I her· 
ring bu$s.. lhtpOSIIIOO o( the- t1.1tnl1ig of 1he ,i;tnk.c V.l► 11'1,po,r~I for 
Ult" ,h'l'C ol tbt 1Jdp .u,d die-a.nglt;s wt-re masurtd ,., IAC' location o/ 
the- foit :.nJ rui fnmt'. P,..-.n \';1.n \'k. Di- ,.,·cwlnlwulJ.mr SthN/)J·ll,on;. 
l(OffSI Opffl \1(1lf) (1697),68 

and lhe sltm, bul it is more likdy lhat a rope wilh 

a small depression was stretched from the transom 

at 1be stern, wilh which lhe sheer of the loller 10 be 

added masler ribband could be delermined. (Figure 
12) 'lhc rules of thumb for 1he rising of lhe w,.les and 

tl>t deck will haw guided the degree of curvature. A 
part of the design "'as not de1crmined geometrically, 

bur whooe correct shape could be obtained using 
simple a1rpen1ry techniques. 
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II, St.:wm ,;an dcr M~n: a ~dl.fim buih ~hip in :m <'atlv 1>1-agc. 
Note the cross planl on both brJiecs for the ih.'111.. 

The 1op view of 1he ribb:rnd on 1he 01her hand. 
ttquired somt simple ma1h. It is aguin Curgul who 
discovered that in 1hc top ,•lew of 1hc pimu two 
g,ome1rlcolly der<rmined curves have been applied. 
both designed as a logarllhmic curve, connected In 
the middle with a s1raigh1 line. With a logarithmic 
curve, a quarcer circle is halved repea1edly: 112, 
l/1, 1/8, 1/16, etcerera. Horizonral lines are drawn 
crossing the radial poinrs. 1 he disrance 10 be drawn 
is divided into equal parts and the logarithmic curve 
is drawn through the interseclions of ve.rticah and 
horizontals. which delivers: in foct a sl retched circular 
arc. (Figure 13) 

Once the posilion l\nd shape of the master ribband 
had been determined in tJlis wa)'. nothing could 
actunJJygo wrong. Toe design of t he, underwater pa11 
was complete. 

Transom 

Logarithmic c.urve 
aft par1 

Clrc.lt arch 

• 

• 

- ·­..... 
·­---·- J 

12: Wilh • rope I.hit ii not Mteld.:d tQo ti gt.I)' bn"'wn the end of lhc 
plank oo the s.tl'ld$ an<t the 1r.11Q01n, 1ht $httr o(the ~ip <0uld cu­
lty be dt1crmbt«l. 'n.e ma,;;u-, r'ibl,2nd ,-11.s <Opw~d !tom I hb line and 
pnw,lkd lhl-b'.lll,un o{ lhc w.aln 1obe addtd l•n-. 1ht- local on Clf lh<' 
(on and aft fr,.mt b lndlftttd. \Vium placft. 1bt 11uln fro.me ti l/$ or 
thc- lmg1h. Van Yk inmtions i;,,.•nccnlcr h ,nn.about 10 fM 11p1rt, the 
o~)• loatton 'oftht- C'Olircship that isol «itu.l &pc: 

Above wa1cr, Lhe shupe of rho hull """ mainly 
derermined according 10 rhe wishes ol I he shipbuilder 
and bis client, without the need for marhemallcol 
tricks. Van Yk even fulminates against master 
builders who. in his opinion. "due 10 a wrong delusion 
of beauty, allow«! th< top timbers (the upper frnme 
parts) hi I he bow 10 bend too far ou1wards, ah hough 
causing n lol o f wood spilling~ (V•n Yk, 72) In $hort, 

the design was too fre, for his liking. 

Wilsen gi\"eS the rule for the 1umblehome of rhe 1op 
timbers Lhat they must bend inwuds almosl two feet 
al Lhe height of the upper deck 10 make the top of 
the •hip narrower. (Witscn. 7•1) lhat wo.s good for 
stobility and made the ship more dlfficuh 10 bo,ird by 
enemies.. But warships were made as wide as possible 
abo\'e, partl)' for the same re3sons. 

i i 
: i . . 
fl / . . . ../ : : •' 
': J · " J • • • ,,· l .,.,, 

I, : . •• ,. .. / 

L09arithmk curve 
lore pal't 

t.: ,;' .• ... ~-· • 
Clr<le ord> 

ll V'1itwrd from .ibcMi, lh~ maM~r rlbNnd (ormt'J n lop,llhmk c:.ur,.-e. Such a c.un-t' I, crNt('d by ttJ>r.llNly dl\•.-:llng 1N' 11rc by f'ol'O. Thi 6N 
r-adltll gors 10 half thr arc. I hit s«ond to-:, ~n.rr. I.ht.• 1h.ird 10 Ont'-dghth,tlCt'll'l'I. 
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Wrecks 

So far we have only foDowed the litcrnlurr in our 
search for geomc1ric 1«hniqucs, But even if we 
look ~, 1ht scarce wrecks that h:.wc Mlr\'ivcd lime 
in such n condition that we can stilJ represem 1he:m 
In a reasonable lines plan, It •1,pears 1ha1 \Vllsen's 
theoretical rtpresentallon of the cons1n1e,Jon of 
the main frame can also be clearly demonstrated 
here. aJbeil with a similar variatlon in the choice 
of the location of 1he compass points for 1he used 
circular arcs as what we saw wilh the pinas. Here is 
1he reconstruction o{ the main frame of the Samuel, 
as analyzed by Gurgul. (Figure 14) As can be se,,n, 
the center point fi>r the large arch is taken al the full 
width of the ship and that of the small one is al one 
sixrh of the width. The ship hos only th,.., inches of 
bottom rising_, and the bottom hen:. also deviating 
from the norm, ha.s gont from 1w~thirds to three• 
quarters of ti>< ";drh. 

Drawings 

Rrg01ding the last category, rhc original drawings, 
it can be reporred tl1a1 a smJll number of early ship 
d rawings h1wt been preserved, most of which datl' 
from around rhc rransition from the sew111ee111h 
10 rhe eig)u~nth century. Around that 1in1e, for 
various reasons. intertsl arose in archiving the shape 
of ships, which meant drawing up Unes plans. Thal 
d id not happ<!n aulomalically. I mentioned earlier 
that the format as we know ii today bad not yet been 
developed. Only after 1he int roduction of diagonal 
lines around 1725 do we gradually see a general 
consensus emerging nboul what a complete lines plan 
should look like. (A.~ Hoving & A.A. 1.emmero, /11 

T,ke11i11g Gobmc/11, De Bal'1afsche l.eeuw 8. V., 2001) 

Gurgul has anal)7-'d a beaurlful drawing in rhe Navy 
archlv<.< 1ha1 was probably made around lhe 1un1 
of the century. (l'igure IS) Some more geometric 
techniques have already been applied 10 this drawing. 
such as an elliptic curve for rhe stern (with an ellipric 
curve rhe arc of a circle is not repearedly hah·ed, but 
divided into equal parts). bur in principle the old 
d ivision of bottom, bilge, and mastcr ribband is still 

,-,~:. :::_ =_====::;·:;;;;;;;;;;;::::::;;;;;;;;;;;;;; - ---------...... lll • --.. -........ _ - f. -

----
~-◄ ......... _ 
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M Ciu,gul\ ~l'l.ll)'Ni rl lhc 'ol'f't'..t. o( lb..• Su111111d (C"A 1650), 1ht' 1i1dl1111 
o<d1e "PP" cin:ub.r 111rti• the foll width nf tht- thq.,, die lo"'wo11e one• 
sinh 0(1ha1. The bottom "-'IU noc t"'O•lhitds o(tbc width, bu1 th1w­
quu-teo. 1hc- bottom ,os~ only tht ... 'I! lnehc-~ 

IS. Dr.wu,g of A 71 &1111&f,fglt~ ,ltiJ\ l01tt l•tr,,'tffl ittm 41ml """ '61 
fec.t. N;wy Colltt1t00, lht Hnpc 

used. Vet here we are (()()king at the announcrmenl of 
a whole new era. with complex frame constructions 
consisting of no fewer than four different connechng 
circul•r ores. Tl would take too long 10 follow I his 
development here, bur ii is dear 1ha1 both from 
the example of litcrnture (IVilsens pi11ns) ond from 
found wrre:ks $uch as the Snnwctl and also from the 
enrly druwings, gcome1ric prlnclplc.s h,we no, been 
fordgn 10 Durch shipbuUdcr;.11 ,hould be noted that 
rhe selection of frarne constructions prescnred her< 
ls mlne: Gurgul has worked on sev<ral wrecks and 
drnwings. from which the same conclusions could 
always be drawn~ 

Conclusion 

Bac.k to the d isagreement aboul whether or not the 
Dutch maSler builders built from drawings. I stated 
earlier that the question was wrong. it should ho,•e 
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16. In thh pointing br MoolmaN fron, 1632. the: Pcbm ,hipbU!ildl'f ~M Oollt(rli,.., p,nudty dto--s Ms im.Aginarr c:om.J"(t~Oi'\l'l"I'(' Co hK diJllghtcr 
all(! •On•in•bwT,crk IA!kka. The R'ilflT watcrihipJ and fluit~ RlolM' ii dw-- Vl"hk-h 1)'J)l°t he ScJl«bli:ccd in 

been: did they use mathematical design techniques 
or not? '!her did. Did they create useful lines plans 
for us? No, we definitely would hove found them. 
They designed (perhaps on paper) parts, such as stem 
and stern, the master ribband. and the mo.in frnme, 
but that apparently never led to the kind of plons that 
are recognizable and useful to us. They needed the 
dmwiogs p:trtly ror the $tnrt or cons1ruc1ion, bu1 also 
to order the shape and dimtnsion.s of 1he required 
wood. Once cons1ructlon was underway, with a few 
exceptions, no master builder oceded extensive plans, 
one construction phase auto111atlcally led to the next. 
"1he ship built itself,' as BiU Leom1rd, the master 
builder of the Australia11 sbell-6rst replica of the 
VOC yacht the Duyjken, built in the late last century, 
noted. Model building tests with the shell-first 
method showed exactly the same thing. Carpenter's 
solutions, such as appli'ing splines over the frames 
and 1he use of flexible battens to draw curves on the 
wood, together with the "ptricnce of the master 
builder, were suffkient to deliver a perfect ship. 

\Vos a new design made for each ship? No, it is 
almost certain that a shipbuilder specialized highly 
in certain ship types. And once he had a good design 
in hand. it was much easier to follow it than to create 
new designs over and over again. This may have been 
one of ~1e reasons for the particularly slow pace at 
which many developments lo shipbuilding look 
place. In • painting by Moolenaar we see a proud 

Echm shipbuilder showing his entire production 
to his daughter and son-in-law, They are almost all 
watershipsand fluits. with here and there a prestigious 
big ship. It is anyone's guess whether the builder made 
• new drawing for each ship. (Figure I 6) 

\-Vi1J, thanks to \V:ildem11t Gurgul and Maarttn 
Bun1e, and Emitl HO\ling. who made all the technical 
drawings. 
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