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| Giulia BOETTO, Sabrina MARLIER, Irena RADIC ROSSI |

BRODSKA KONSTRUKCIJA

HULL STRUCTURE

OBLIK BRODA I STANJE OCUVANOSTI

Brod se o¢uvao u duljini od oko 11 m i najvecoj $irini od
oko 7 m. U sredini se nalazi pukotina $irine 0,3 m u juznom
do 1 m u sjevernom dijelu, koja odgovara polozaju kobilice i
orijentirana je u pravcu sjeverozapad - jugoistok. Oc¢uvani
dio broda zapadno od osi kobilice dug je 9 m i Sirok 2,7 m, a
dio isto¢no od osi kobilice slomljen je u dva dijela, najvece
duljine 7 m i sveukupne $irine 3,5 m (SL. 46).

Kao $to je rec¢eno, ostatci broda leze izravno na mati¢noj
stijeni, potpuno raspadnuti i spljosteni, bez traga originalnog
zakrivljenja. Brodski je trup bio vjerojatno zaravnjenoga dna
s blagim uzvojem ispod donje bokostitnice (SI. 47).

Medu oc¢uvanim dijelovima brodskog korita ne nalazi se
niti jedan element koji pripada uzduznoj osi broda (kobilica,
pramcana i krmena statva, pete pramcane i krmene statve).

SHAPE OF THE SHIP AND ITS CONDITION

The ship has been preserved in a length of approximately
11 m and a maximum width of approximately 7 m. There is
a gap in the middle that is 0.3 m wide in the southern, and 1
m wide in the northern section. It corresponds to the position
of the keel, and it has a north-west/south-east orientation.
The preserved part of the ship west of the keel axis is 9 m long
and 2.7 m wide. The eastern section is broken into two parts
of the maximum length of 7 m, and a total width of 3.5 m (Fig.
46).

As stated, the hull remains lie directly on the bedrock,
entirely broken apart and flattened, without traces of the
original curvature. The hull probably had a flat bottom with
a gentle turn of the bilge perceivable from the shape of a frame
on the eastern side, below the lower wale (Fig. 47).

Sl 48 Dijelovi rebara i ulomak unutrasnje oplate izmaknuti iz originalnog polozaja, u jugoisto¢nom dijelu nalazista (foto: Ph. Groscaux).

Fig. 48 Displaced fragments of frames and ceiling in the south-eastern area (photo: Ph. Groscaux).
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Fig. 49 Frames damaged by shipworms in the north-eastern area (photo: Ph. Groscaux).

Oc¢uvani dio brodske oplate sastoji se od 109 platica u 34 voja,
od kojih se 56 platica u 14 vojeva nalazi u zapadnom dijelu,
a 53 platice u 20 vojeva u isto¢nom dijelu brodske konstrukcije.
Voj 19 odgovara niskoj bokostitnici*.

Elementi poprecne ¢vrstoée broda sastoje se od 33 rebra
sastavljena od 99 elemenata®. Dvije rebrenice iz pramc¢anog
ili krmenog dijela broda uocene su 2004. godine nekoliko
metara juzno od nalazista (SL. 8, 46). Vecoj, nazalost, tijekom
istrazivacke kampanje 2007. vise nije bilo moguce u¢i u trag®,
dok je manja pronadena na mjestu na kojem je ostavljena (SL.
48). S obzirom na prisutnost tih elemenata bilo je jasno kako
je rije¢ o pramc¢anom ili krmenom zavrsetku broda.

SL. 50 Rupa u oplati, izmedu rebara i rebrenih nastavaka, u visini rebara
F123W i F125W (foto: Ph. Groscaux).

Fig. 50 Hole in planking, between the frames and futtocks, at the level of
frames F123W and F125W (photo: Ph. Groscaux).

Among the preserved parts of the ship’s hull there are no
elements belonging to its longitudinal axis (keel, stem- and
sternpost, forefoot and stern knee). The preserved parts of the
ship’s planking consist of 109 planks in 34 strakes, of which
56 planks in 14 strakes are in the western section, while 53
planks in 20 strakes are in the eastern section of the hull.
Strake 19 corresponds to the low wale.*

The transversal elements of the ship’s structure consisted
of 33 frames composed of 99 elements.* Two V-shaped floor-
timbers, one larger and one smaller, were observed several
meters south of the site in 2004 (Fig. 8, 46). The larger one
could not, unfortunately, be located any more during the
excavation campaign in 2007,% while the smaller was found
where it was left (Fig. 48). Given the presence and shape of
these elements, it was clear that they were located in the bow
or stern part of the hull.

Several pieces of the ceiling and floor planks were found
in their original position in the eastern section of the ship,
excavated in 2008. The pieces noticed in 2004 in the western
section were not preserved, and their former existence may
be perceived from the visible dark traces on the upper surface
of the frames. In the northern section of the site, between the
eastern and western sections of the ship, the lower part of a
stanchion was also found (Fig. 42).

With regard to the state of preservation of wood, it is
noteworthy that the ends of the frames were rather damaged
by the aggressive activity of a marine mollusc known as

ARHEOLOGIJA JADRANSKE PLOVIDBE I BRODOGRADNJE



Nekoliko ulomaka platica unutrasnje oplate i dasaka
podnice pronadeno je u izvornom polozaju u isto¢nom dijelu
broda, istrazenom 2008. Ulomci primijeceni 2004. godine u
zapadnom dijelu broda nisu se ocuvali, a njihovo se
nekadagnje postojanje moglo naslutiti iz vidljivih tragova na
gornjoj povrsini rebara. U sjevernom dijelu nalazista, izmedu
isto¢nog i zapadnog dijela broda pronaden je takoder i donji
dio upore (SI. 42).

U pogledu stanja oc¢uvanosti drvene grade vrijedi
napomenuti kako su krajevi rebara bili priliéno osteceni
agresivnim djelovanjem crvotocca ili brodskog crva (Teredo
navalis), (S. 49). I platice su takoder bile prilicno o$tecene pa
je, primjerice, sjeverni kraj platice P45E pronaden odignut od
dna i savijen pod kutom od 45°. Osim toga, na vi$e su mjesta
zabiljezene pukotine u oplati, a velika ih je ve¢ina primije¢ena
u zapadnom dijelu broda, izmedu rebrenica i rebrenih
nastavaka koji odgovaraju rebrima F123W i F125W (S1. 50)
te u isto¢nom dijelu na kraju rebra F127E.

UZDUZNA OS BRODA

Tako se kobilica nije oc¢uvala, njezina $irina moze se
priblizno rekonstruirati na osnovi dimenzija donjeg dijela
rebrenica iz pramcanog ili krmenog dijela broda pronadenih
2004. godine, a potom i medusobne udaljenosti slivnica na
ulomku rebrenice PK07/F2. Sukladno tome moze se
pretpostaviti da je Sirina kobilice u juznom dijelu broda
iznosila oko 7,5 do 10 cm, a u sredi$njem dijelu do 13 cm, a
mozda i vi$e (SL 59). Ipak, mjere preuzete s elemenata koji se
vi$e nisu nalazili u svome izvornom polozaju, upucuju na
oprez pri donosenju dalekoseznijih zakljuc¢aka.

OPLATA I SPOJEVI OPLATE

Oplata broda bila je realizirana sti¢nim spajanjem platica
(SL. 29). U bo¢nim su stranicama platica bili izvedeni utori u
koje su bili ubacdeni drveni jezi¢ci, spojeni za platice uz pomo¢
drvenih ¢avli¢a (SI. 53, 54).

Dokobili¢ne platice (P1E i P1W) bile su izradene od daske
jednostavnog pravokutnog presjeka, prosjecne debljine 3,65
cm (od 3,1 do 4,4 cm), bez dijagonalno izvedenih spojeva na
ocuvanim dijelovima (Sl. 51). Zapadna dokobili¢na platica
(PIW) u juznom je dijelu $iroka 17 cm, ali njena se $irina
prema sjeveru smanjuje (3 cm) i $iljato zavrsava (SL. 41, 52).
Ostale platice prosjecne su debljine 2,8 cm (0d 2,1 do 3,1 cm),
a najvece $irine od 6 (P33E) do 22 cm (P8W, P11W i P29E).

Duz isto¢nog perimetra brodskog trupa zamijeceni su
tragovi niske bokostitnice, kojoj su pripadala tri ulomka
oznacena P37E, P46E i P53E (SI. 51). Element P37E $irok je
15 cm i debeo 8,3 cm (SL. 55). Element P46E, preokrenut i
pomaknut s izvornog mjesta, o¢uvao se u duljini od 1,28 m.
Taj ulomak bokostitnice, $irine 13,5 cm i debljine 10,2 cm, na
vanjskome licu nosi tragove zastitne obloge od olovnog lima
koja je vjerojatno bila postavljena prilikom jednoga od
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shipworms (Teredo navalis), (Fig. 49). The planks were also
rather damaged, so, for example, the northern end of plank
P45E was found jutting from the bottom and bent at a 45°
angle. Additionally, cracks were recorded at a number of
places on the planking, and by far the majority was noted in
the western section of the ship, between the floor timbers and
futtocks which correspond to frames F123W and F125W
(Fig. 50), and in the eastern section at the end of frame F127E.

SHIP’S AXTAL CARPENTRY

Even though the keel has not been preserved, its width
can be approximately reconstructed on the basis of the
dimensions of the lower section of the smaller floor-timber
from the bow or stern area, found in 2004, and on the distance
between the limber holes on fragment of floor-timber PK07/
F2. In this regard, it may be assumed that the width of the keel
in the southern section of the ship was roughly 7.5 to 10 cm,
up to 13 cm in its middle section, and perhaps even greater
(Fig. 59). Nonetheless, the measures assumed from elements
no longer resting at their original positions indicate the need
for caution when drawing far-reaching conclusions.

PLANKING AND PLANK JOINTS

The ship has flush-laid or carvel planking (Fig. 29).
Mortises were rendered in the thickness of the planks, into
which tenons were inserted, fastened to the planks with the
help of small wooden pegs (Fig. 53, 54).

The garboard planks (P1E and P1W) were made of boards
of simple rectangular cross-sections, with an average thickness
of 3.65 cm (from 3.1 to 4.4 cm). The garboard strakes seem
to be made of single planks, as no oblique joints were noticed
on the preserved parts (Fig. 51). The western garboard plank
(PIW) is 17 cm wide in its southern section, but its width
narrows toward the north (3 cm) and it tapers at its end (Fig.
41, 52). The remaining planks have an average thickness of
2.8 cm (from 2.1 to 3.1 cm), and maximum widths from 6
(P33E) to 22 cm (P8W, P11W and P29E).

All along the eastern perimeter of the ship’s hull, traces of
the lower wale were noticed which belonged to three pieces
designated P37E, P46E and P53E (Fig. 51). Element P37E is
15 cm wide and 8.3 c¢m thick (Fig. 55). Element P46E,
overturned and shifted from its original location, has been
preserved at a length of 1.28 m. This wale fragment, 13.5 cm
wide and 10.2 cm thick, bears traces of protective lining made
of a piece of lead sheet on its external face, probably installed
during one of the many repairs. The lead sheeting was
fastened with small copper nails, of which two heads can still
be seen 77.5 cm apart from one another. The sheet metal plate
L27, found north of plank P36E, near the aforementioned
P46E, probably served to repair a part of the wale” (Fig. 56).
As to traces of shipbuilders’ tools used to make the elements
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Centre Camille Jullian/CNRS/2008/ Survey: V.Dumas, M.Rival / DAO:V.Dumas

SL. 51 Plan oplate (M. Rival, V. Dumas).

Fig. 51 Schematic of the planking (M. Rival, V. Dumas).
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SL. 52 Pogled s jugoistoka na dokobili¢nu platicu P1W (foto: Ph. Groscaux).
Fig. 52 View of the garboard P1W from the south-east (photo: Ph. Groscaux).

brojnih popravaka. Olovni je lim bio pri¢vrs¢en bakrenim
¢avli¢ima, od kojih se dvije glavice jo$ uvijek vide na
medusobnoj udaljenosti od 77,5 cm. Plo¢a metalnog lima
L27, pronadena sjeverno od platice P36E, u blizini
spomenutog ulomka P46E, vjerojatno je posluzila za popravak
jednog dijela bokostitnice?” (Sl. 56). Glede tragova
brodogradevnog alata koristenoga za izradu elemenata
brodske konstrukcije, na mnogim platicama vanjske oplate
primijeceni su tragovi pile.

Platice vanjske oplate bile su medusobno spojene
sistemom utora i jezi¢aca. Ve¢ina jezicaca bila je ucvr§éena
drvenim cavli¢ima, ali su duz ruba dokobili¢ne platice PIW
(prema kobilici), u visini rebrenica F118W i F123W,

of the hull, on many planks of the planking traces of a saw
were observed.

The planks of the planking were connected by mortise and
tenon joints. Most of the tenons were fastened by small
wooden pegs, but along the edge of garboard plank PIW
(toward the keel), at the level of frames F118W and F123W,
few unfastened tenons were also noticed. It would appear that
this was an oversight on the part of the shipbuilders, rather
than some specific purpose. The system of mortises on both
sides of the plank was conceived according to a scheme
(alternating the joints from one side and the other of the keel)
that would cause the least possible weakening of the wood
(Fig. 51).

SL. 53 Detalj spajanja platica na dislociranom ulomku platice PK07/P11
(foto: Ph. Groscaux).

Fig. 53 Internal assemblage of the planking, on dislocated plank fragment
PKO07/P11 (photo: Ph. Groscaux).

ARCHAEOLOGY OF ADRIATIC SHIPBUILDING AND SEAFARING

SL. 54 Shematski prikaz spajanja platica sistemom utora i jezi¢aca (iz
Pomey, Rieth 2005).

Fig. 54 Schematic representation of planks with mortise and tenon joints
(after Pomey, Rieth 2005).
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SL. 55 Pogled na bokostitnicu P37E i platicu P38E sa sjeveroistoka (foto:
Ph. Groscaux).

Fig. 55 View of wale P37E and plank P38E from the north-east (photo:
Ph. Groscaux).

primijeceni i jezi¢ci koji su ostali nepri¢vrsceni. Cini se da je
rije¢ o previdu od strane brodograditelja, a ne o nekoj
posebnoj namjeri. Sustav utora s jedne i druge strane platice
bio je zamisljen po shemi koja je na najmanji nacin utjecala
na slabljenje drvene grade (SI. 51).

Utori na bo¢nim stranama dokobili¢nih platica, prema
kobilici, prosje¢no su $iroki 8,26 cm (od 7 do 9,5 cm); debljina
im varira 0d 0,5 do 0,8 cm, a dubina od 5 do 5,5 cm. Udaljenost
medu utorima iznosi prosje¢no 6,8 cm (SL. 52). Jedini jezic¢ac
dokobili¢ne platice kojega je bilo moguce izmjeriti bio je dug
4,5cm i debeo 0,5 cm. Cavliéi kojima su jeziéci bili pri¢vrséeni
za platice u prosjeku su medusobno udaljeni 15,25 cm.

Dimenzije spojnih elemenata s ostalih platica moglo se
izmjeriti samo na ponekom ulomku koji se nije nalazio in situ
pa je stoga bio izvaden iz mora i pomno pregledan (SL. 53).
Sirina utora u tim je slu¢ajevima u prosjeku iznosila 5,9 cm
(0d 4,5 do 6,4 cm). Sirina jezi¢aca iznosila je 4,7 cm, a njihova
debljina 0,4 cm.

Prosje¢na udaljenost medu utorima iznosila je 8,7 cm (od
8,1 do 10,2 cm), a udaljenost medu drvenim cavli¢ima,
izmjerena izravno in situ, iznosila je prosjecno 16 cm (od 10
do 24,5 cm)®. Moze se stoga zakljuciti da je udaljenost medu
spojnim elementima bila prili¢no ujednacena.

Ako se na osnovi navedenih vrijednosti izracuna odnos
izmedu srednje medusobne udaljenosti utora i srednje $irine
samoga utora na dokobili¢nim platicama, dobiva se omjer
1:0,823, a u slucaju ostalih platica on iznosi 1:1,47%°. Navedeni
omjeri pokazuju da je raspored utora na dokobili¢nim
platicama bio dvostruko gus$¢i negoli na ostatku oplate®, ali
se i raspored na ostalim platicama moze smatrati razmjerno
gustim.

Drveni ¢avli¢i iskoristeni za fiksiranje jezi¢aca stoZastog
su oblika i prizmati¢nog presjeka®'. Sustavno mjerenje njihova
unutra$njeg i vanjskog promjera nije bilo moguce provesti jer
se oplata nije rastavljala ni vadila*. Unato¢ tome, na mjestima
na kojima je bilo moguce izmjeriti unutrasnji promjer, on je

SL. 56 Pogled sa sjeveroistoka na olovnu plo¢u L27, iskoristenu za
popravak oplate (foto: Ph. Groscaux).

Fig. 56 View of lead plate L27 used to repair the hull, from the north-east
(photo: Ph. Groscaux).

The mortises on the lateral sides of the garboard planks,
toward the keel, have an average width of 8.26 cm (from 7 to
9.5 cm); their thickness varies from 0.5 to 0.8 cm, while their
depth varies from 5 to 5.5 cm. The distance between the
mortises is an average of 6.8 cm (Fig. 52). The only tenon on
the garboard plank that could be measured was 4.5 cm long
and 0.5 cm thick. The pegs used to fasten the tenons to the
plank were 15.25 cm apart on average.

The dimensions of the joining elements from the
remaining planks could be measured only on displaced
pieces, so they were removed from the sea and carefully
inspected (Fig. 53). The width of the mortises in these cases
was 5.9 cm on average (from 4.5 to 6.4 cm); the width of the
tenons was 4.7 cm, while their thickness was 0.4 cm.

The average distance between the mortises was 8.7 cm
(from 8.1 to 10.2 cm), while the distance between the wooden
pegs, measured directly in situ, was an average of 16 cm (from
10 to 24.5 cm).” It may therefore be concluded that the
distance between the joining elements was rather uniform.

If, using these values, the ratio between the mean mutual
distance between the mortises and the mean width of the
mortises on the garboard planks is calculated, then 0.823 is
obtained, while in the case of the remaining planks it is 1.47.%
These ratios show that the distribution of mortises on the
garboard planks was twice as dense as on the other planks,*
even though their distribution on the other planks may still
be deemed relatively dense.

The small wooden pegs used to fasten the tenons have a
conical shape and a prismatic cross-section.’ Systematic
measurement of their internal and external diameter could
not be done because the planking was neither disassembled
nor extracted.’? Despite this, at those places where it was
possible to measure the internal diameter, it was 0.92 cm on
average (from 0.7 to 1.2 cm). During the inspection of
removed pegs on pieces of wood materials that were not in
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u prosjeku iznosio 0,92 cm (od 0,7 do 1,2 cm). Prilikom
pregleda izvadenih ¢avli¢a na ulomcima drvene grade koja se
nije nalazila in situ bilo je moguce zamijetiti mali utor na
mjestima njihova dodira s jezi¢cima®™.

Na mjestima na kojima se platice spajaju u voj nije bilo
moguce utvrditi jesu li jezicci bili postavljeni okomito ili pod
kutem na dijagonalne spojeve te jesu li i oni bili u¢vrséeni
drvenim ¢avli¢ima.

I na kraju, vodoravno postavljeni ¢avli posluzili su kako
bi se pri¢vrstili zailjeni krajevi platica. Ta je znacajka
primije¢ena na platici P38E na kojoj su tri horizontalno
zabijena metalna cavla bila iskoriStena kako bi se vrh platice
pri¢vrstio za bokostitnicu P37E (Sl. 32). Ne treba sumnjati da
su i drugi metalni ¢avli mogli biti kori$teni na krajevima
ostalih platica, no ni taj podatak nije bilo moguce provjeriti
bez rastavljanja elemenata brodske konstrukcije.

ELEMENTI POPRECNE CVRSTOCE BRODA I
SPOJEVI NA KOBILICU I OPLATU

Oc¢uvani elementi poprecne ¢vrstoce broda ukljucuju 33
rebra (od FO9W do F132E)* u 99 komada, koja su ve¢inom
polomljena na krajevima (Sl. 57). Medu rebrima moglo se
raspoznati 8 rebrenica® i 7 polurebrenica® u zapadnom dijelu
broda. Tijekom proucavanja nalaza in situ, ¢inilo se da se na
¢itavoj povrsini broda moze razaznati 24 rebrena nastavka i
10 dijelova rebara koji su umetnuti prilikom popravaka. Po
zavr$etku obrade dokumentacije ¢ini se, medutim, kako za
takvu tvrdnju nema pravih temelja jer, usprkos ¢injenici da
su popravci bili brojni, nema prave osnove za razlikovanje
naknadno umetnutih od originalnih dijelova rebara®. U
svakom slucaju, razliciti elementi koji su sastavni dio jednog
rebra medusobno su u pravilu udaljeni od 1 do 5 cm. U nekim
slu¢ajevima shema orebrenja donekle odstupa od osnovnog
primijenjenog sustava: krajevi takvih rebara pomaknuti su s
pravca, a na nekim se mjestima preklapaju pa je spoj medu
dijelovima izveden uz pomo¢ utora (SL. 58). I na kraju,
elementima popreéne ¢vrstoée broda pripadaju vel
spomenute dvije rebrenice iz pramcanog ili krmenog dijela
broda (SI. 48, 57).

Sva su rebra Cetvrtastog presjeka, a u nekim slucajevima
gornji su im rubovi zaobljeni. Prosje¢na $irina rebara iznosi
9,4 cm (od 7 do 14 cm), a prosjeéna visina 9,8 cm (od 5 do 14
cm), (SL. 47). Tragovi pile i bradve uoceni su na bo¢nim stranama
gotovo svih elemenata poprecne ¢vrstoce broda (S1. 60).

Prosjecni razmak izmedu rebara iznosi 17,3 cm (od 10 do
23 cm), (S1. 57). S obzirom na to da je razmak manji od dvije
$irine rebra, $to pokazuje omjer prosje¢ne Sirine rebara i
prosjecne $irine njihova medusobnog razmaka koji iznosi
1:1,84, moze se zakljuciti da je rije¢ o razmjerno gusto
rasporedenim rebrima.

Na rebrenicama se nalaze slivnice (kaljuzni otvori) pravo-
kutnog oblika (8ir. 4 - 5 cm i vis. 2 - 3,5 cm na rebrenicama

ARCHAEOLOGY OF ADRIATIC SHIPBUILDING AND SEAFARING

situ, it was possible to note a small groove at the places at
which they touched the tenons.*

At the places where the planks connect in the strake, it
was impossible to ascertain whether the tenons were set
vertically or at an angle to the oblique joint, and whether they
were also fastened with wooden pegs.

And finally, horizontally set nails were used to fasten the
tapered ends of planks. This feature was observed on plank
P38E on which three horizontally pounded metal nails were
used to fasten the tip of the plank to wale P37E (Fig. 32). There
should be no doubt that the other metal nails may have been
used at the ends of the remaining planks, but even this could
not be verified without dismantling the elements of the hull.

TRANSVERSAL ELEMENTS AND JOINTS TO
THE KEEL AND PLANKING

The preserved transversal elements include 33 frames
(from F99W to F132E)* in 99 pieces, which are mostly
broken at their ends (Fig. 57). Among the frames, 8 floor
timbers* and 7 half-frames® could be discerned in the
western section of the ship. During study of the finds in situ,
it seemed that 24 futtocks and 10 various pieces of frames
were inserted during repairs. Upon completion of the
documentation, however, it would appear that there are no
valid grounds for this assertion, for despite the fact that
repairs were numerous, there are no genuine grounds to
distinguish between subsequently inserted and original parts
of the frames.” In any case, the different elements, which are
components of a frame were set on the same line (or centred)
generally 1 to 5 cm away from each other. In some cases, the
framing scheme deviates somewhat from the basic applied
system: the ends of these frames have been moved from their
original direction, and at some places they overlap, so the link
between the parts was rendered with the help of a recess but
always without any assembly by nails or treenails (Fig. 58).
And finally, the already mentioned two floor-timbers from
the ship’s stem and stern (Fig. 48, 57) also belong to this group
of finds.

All of the frames have a rectangular cross-section, and in
some cases the upper edges are rounded. The average width
of the frames is 9.4 cm (from 7 to 14 cm), while the average
height is 9.8 cm (from 5 to 14 cm), (Fig. 47). Traces of a saw
and hatchet were observed on the lateral sides of almost all
transversal elements (Fig. 60).

The average distance between frames is 17.3 cm (from 10
to 23 cm), (Fig. 57). Given that this gap is less than two widths
of a frame, showing the ratio between the average width of a
frame and the average width of the gap between them is 1.84,
it may be concluded that these are relatively densely
distributed frames.
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SL. 57 Plan orebrenja (M. Rival, V. Dumas).
Fig. 57 Framing schematic (M. Rival, V. Dumas).

ARHEOLOGIJA JADRANSKE PLOVIDBE I BRODOGRADNJE



S1. 58 Pogled sa sjeverozapada na spoj izmedu dvaju dijelova rebra F119E
(foto: Ph. Groscaux).

Fig. 58 View of the recess fitting between the two parts of frame F119E,
from the north-west (photo: Ph. Groscaux).

iz sredi$njeg dijela broda; §ir. 5 cm i vis. 4 cm na rebrenicama
iz pramcanog ili krmenog dijela broda) koje su omogucavale
protok vode* u kaljuznici. U sredi$njem dijelu broda, na re-
brenicama i polurebrenicama izvedena su po dva otvora
smjestena s jedne i druge strane kobilice (S 59.3, 61), a na
rebrenicama iz pramc¢anog ili krmenog dijela broda prisutan
je samo jedan otvor (SI. 59.1-2).

Nekoliko rebrenica® bilo je pri¢vr§¢eno za kobilicu
pomocu Zeljeznih svornjaka. Takav je spoj detaljno proucen
na rebrenici F119W. Svornjak promjera 1,9 cm bio je zabijen
s vanjske strane kobilice, a s gornje strane rebrenice bio je
fiksiran pomoc¢u okrugle plocice koja je pocivala u
kvadratnom utoru dimenzija 4,7 x 4,7 x 1,0 cm, (Sl 62-65).
Takav detalj primijeéen je, na primjer, na brodolomu iz
Monaka (kraj 2. - sred. 3. st. po Kr.; Mouchot 1968-1969). Na
ulomku rebrenice, pronadenom izvan originalnog polozaja i
oznac¢enom kao PK07/F2, izmedu dvije slivnice takoder se
nalaze tragovi sli¢cnog spoja s kobilicom (S1. 57.3)*. U tome
sluc¢aju promjer svornjaka iznosio je 1,7 cm.

Spojevi rebara i oplate bili su izvedeni pomoc¢u brojnih
drvenih ¢avala prosje¢nog promjera 1,3 cm (0d 0,7 do 1,9 cm,

SL. 60 Tragovi pile na bo¢noj strani rebra (foto: Ph. Groscaux).

Fig. 60 Sawing marks on the side of the frame (photo: Ph. Groscaux) .

ARCHAEOLOGY OF ADRIATIC SHIPBUILDING AND SEAFARING

svornjak / bolt ?

0 10cm
DAO:G.B., CCJ-CNRS

SL. 59  Slivnice na rebrenicama iz pramé¢anog ili krmenog dijela broda i
ulomku rebrenice PK07/F2 (crtez: G. Boetto).

Fig. 59 The limber holes on the floor-timbers from bow or stern, and on the
fragment of floor-timber PK07/F2 (drawing: G. Boetto).

The floor timbers have rectangular limber holes (wid. 4-5
cm and ht. 2-3.5 cm on the floor timbers; wid. 5 cm and ht. 4
cm on floor-timbers from the bow or stern area), which
facilitated the flow of water® into the bilge. In the ship’s
central section, two holes situated on each side of the keel
were made on the floor-timbers and half-frames (Fig. 59.3,
61), while there is only a single hole, directly above the keel,
on the floor-timbers from the bow or stern area (Fig. 59.1-2).

o ._..\-‘-. oy

SL. 61 Pogled s jugoistoka na kraj polurebrenice F112W (foto: Ph.
Groscaux).

Fig. 61 View of the extremity of half frame F112W, from the south-east
(photo: Ph. Groscaux).
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SL 62 Shematski prikaz u¢vrséenja kobilice i rebrenice uz pomoé
svornjaka (crtez: G. Boetto).

Fig. 62 Schematic representation of bolting the floor-timbers to the keel
(drawing: G. Boetto).

mjereno s unutra$nje strane broda) te bakrenih i zZeljeznih
¢avala*' zabijenih s vanjske strane broda (Sl. 65, 67). S gornje
strane rebara vrhovi ¢avala nisu bili savinuti radi dodatnog
ucvrséenja. Valja istaknuti kako su na nekim mjestima drveni
¢avli izrazito brojni (do Cetrdesetak na dijelovima rebara
dugim preko 2 m), §to se s velikom vjerojatno$éu moze
povezati s popravcima broda (SL. 47).

SL. 64 Slomljen kraj rebrenice F119W s korodiranim svornjakom in situ

(foto: Ph. Groscaux).

Fig. 64 Broken extremity of floor-timber F119W with the corroded bolt
in situ (photo: Ph. Groscaux).

-ri."

LB C 7 R i M+
Sl. 63 Cetvrtasti utor na gornjoj strani rebrenice F119W (foto: Ph.
Groscaux).

Fig. 63 Quadrangular recess on the upper surface of the floor-timber
F119W (photo: Ph. Groscaux).

Several floor timbers* were fastened to the keel with
metal bolts. Such a connection was thoroughly studied on
floor timber F119W. A bolt with 1.9 cm diameter was inserted
from the external side of the keel, and it was fastened from
the upper side of the floor timber with the help of a square
plate that rested in a square hole with dimensions of 4.7 x 4.7
x 1 cm (Fig. 62-65). Such a detail was noted, for example, on
a shipwreck from Monaco (end of 2"/mid-3" cent. AD;
Mouchot 1968-1969). There is also a similar connection to
the keel between two limber holes on a floor timber piece
found away from its original position and marked as PK07/
F2 (Fig. 57.3).” In this case, the bolt’s diameter was 1.7 cm.

The joints connecting the frames to the planking were
rendered with the help of treenails having an average diameter
of 1.3 cm (from 0.7 to 1.9 cm, measured from the inside of
the ship) and copper and iron nails*! inserted from the ship’s
exterior (Fig. 65, 67). On the upper sides of the frames, the
tops of nails were not clenched for greater reinforcement. It
is noteworthy that in some places the wooden nails are
exceptionally numerous (up to roughly forty on the parts of
frames longer than 2 m), which very likely may be linked to
hull repairs (Fig. 47).

SL 65  Ostatci svornjaka (foto: Ph. Groscaux).
Fig. 65 Bolt remains (photo: Ph. Groscaux).

ARHEOLOGIJA JADRANSKE PLOVIDBE I BRODOGRADNJE



—
~
—-*

SL 66 Metalni ¢avli raznih veli¢ina iskoristeni za gradnju i popravak
broda (foto: Ph. Groscaux).

Fig. 66 Nails of various sizes, used for building and repairing the hull
(photo: Ph. Groscaux).

UNUTRASNJI UZDUZNI ELEMENTI
BRODSKE KONSTRUKCIJE

Unutra$nji elementi uzduzne ¢vrstoce i ostali unutrasnji
uzduzni elementi brodske konstrukcije sastoje se od nekoliko
ulomaka proveza i mobilnih dasaka podnice. Bududi da se
kobilica nije o¢uvala, nisu pronadeni nikakvi tragovi niti
hrptenice niti temeljnice jarbola.

Na nekoliko rebara u zapadnom dijelu broda (F121W i
F123W)* bilo je, medutim, moguce primijetiti utore $irine
od 7,5 do 8,5 cm i dubine 1 do 2 cm. Ti su utori bili smjesteni
duz iste osi, na razini spoja prve i druge dokobili¢ne platice
(PIW i P2W), s laganim odmakom prema onoj drugoj (SL
68). Moglo bi se pretpostaviti da je rije¢ o dosjedima za

SL. 68 Utor za dosjed dohrptenice (foto: Ph. Groscaux).
Fig. 68 Recesses for sister (bilge) keelson (photo: Ph. Groscaux).

ARCHAEOLOGY OF ADRIATIC SHIPBUILDING AND SEAFARING

dEr

Sl. 67 Metalni ¢avao u ulomku drveta (foto: Ph. Groscaux).

P OB/

Fig. 67 Metal nail in a fragment of wood (photo: Ph. Groscaux).

INTERNAL LONGITUDINAL ELEMENTS OF
THE HULL

The internal longitudinal elements of the hull consist of
several fragments of stringers and mobile limber boards.
Since the keel has not been preserved, no traces of the keelson
nor mast step were found.

It is, however, possible to notice on several frames in the
ship’s western section (F121W and F123W)*? recesses with
widths ranging from 7.5 to 8.5 cm and depths of 1 to 2 cm.
These recesses were situated along the same axis, at the level
of the joint between the first and second garboard planks
(PIW and P2W)), slightly closer to the second one (Fig. 68).
It may be assumed that these are fittings for one of the bilge
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dohrptenicu (Sl. 69), kakva se, ukoliko je postojala, morala
nalaziti i na odgovarajuéem mjestu s druge strane kobilice.
Na te je dohrptenice mogla biti pri¢vr§¢ena temeljnica
jarbola, kao §to je to slu¢aj na ve¢ spomenutom brodu na
lokalitetu Burza (Bourse) u Marseilleu (Francuska, 190. — 220.
g. po Kr.), (Gassend 1982: 82-83)*, ili brodolomu Laurons 2
(Francuska, kraj 2. st. po Kr.), (Gassend, Liou, Ximéneés 1984:
100197, SL 17¢)*.

Tijekom istrazivanja pronadena su samo dva mala ulomka
unutra$nje oplate (SL. 47), ali se iz brojnih tamnijih otisaka i
tragova spojeva primijecenih na rebrima (SL. 70) moze
zakljuciti da je ona prekrivala gotovo ¢itavu unutra$njost
broda®.

Osim toga uoceno je $est ulomaka proveza, ali samo su
dva jos uvijek bila in situ (C4E i C5E), pri¢vr$cena za rebra
F122E i F125E (SL 71, Tab. 1). Ulomak C3E pronaden je
izmedu juznog kraja broda i rebrenica izmaknutih iz izvornog
polozaja (SI. 46 i 48). Sljedec¢a dva ulomka (PK08/C5 i PK08/
C57) pronadena su u isto¢nom, a samo jedan (C5W) u
zapadnom dijelu broda. To¢an poloZaj posljednjeg navedenog
ulomka nije poznat. Sirina nabrojenih ulomaka iznosi od 11
(C5E1PK08/C5) do 21 cm (C4E), a prosje¢na debljina iznosi
im 3 cm. Na svim se primjercima zamjecuju tragovi korozije
metalnih c¢avala ili rupa za prihvat drvenih ¢avala uz pomo¢
kojih su elementi bili pri¢vr$éeni za rebra.

Sedam ulomaka interpretirano je kao ostatci pomi¢nih
dasaka podnice (Tab. 1). Rije¢ je o malim daskama (od 17,6
do 70 cm duljine) smjestenima medu uzvojnim provezama i
bez ikakvih fiksnih spojeva na rebra (Sl. 71). Rubovi tih
dasaka (C4W i PK08/C61) u nekim su slucajevima koso
rezani kako bi se daske bolje uglavile izmedu fiksnih proveza.
U isto¢nom dijelu broda dvije su se daske (C6E i C7E) oc¢uvale
uizvornom polozaju, dok se tre¢a (C8E) izmaknula u prostor

keelsons (Fig. 69). The second bilge keelson had to have been
situated at the proper place on the other side of the keel. The
mast step may have been settled over the bilge keelsons, as is
the case on the already mentioned ship at the Bourse site in
Marseille (France, 190-220 AD; Gassend 1982: 82-83),* or
the Laurons 2 shipwreck (France, end of 2™ cent. AD;
Gassend, Liou, Ximénes 1984: 100 and 97, Fig. 17¢).*

During the excavations, only two small pieces of ceiling
planks were found (Fig. 47), but based on the numerous
darker imprints and traces of joints observed on the frames
(Fig. 70) it may be concluded that it covered almost the entire
ship’s bottom.*

Moreover, six fragments of stringers were observed,
although only two were still in situ (C4E and C5E), fastened
to frames F122F and F125E (Fig. 71, Tab. 1). Fragment C3E
was found between the southern end of the ship and the
smaller floor-timber from the bow or stern area, shifted from
its original position (Fig. 46 and 48). The next two fragments
(PK08/C5 and PK08/C57) were found in the eastern, and only
one (C5W) in the western section of the ship. The precise
position of the last noted fragment is not known. The width
of these fragments runs from 11 (C5E and PK08/C5) to 21
cm (C4E), and their average thickness is 3 cm. Traces of
corrosion from metal nails or holes to hold treenails, used to
fasten these elements to the frames, were observed on all
examples.

Seven fragments were interpreted as the remains of
movable limber boards (Tab. 1). These are small planks (from
17.6 to 70 cm in length) set between the bilge stringers and
without fixed joints on the frames (Fig. 71). The edges of these
planks (C4W and PK08/C61) were in some cases bevelled so
that they could be better set between the fixed stringers. In
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SL. 69 Shematski prikaz o¢uvanih utora za zapadnu dohrptenicu i njen hipotetski polozaj (drawing: V. Dumas).

Fig. 69 Schematic representation of the preserved recesses for the western bilge keelson, and its hypothetical position (drawing: V. Dumas).
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SL. 70 Tamni otisak na gornjoj strani rebra (foto: Ph. Groscaux).

Fig. 70 Dark imprint on the upper surface of a frame (photo: Ph.
Groscaux).

izmedu rebara F127E i F128E (Sl 46). Jo$ jedan ulomak
pomicne podnice (PK08/C61) pronaden je uz dasku C6E, ali
njegov tocan polozaj nije zabiljezen. Jo§ tri ulomka dasaka
pronadena su u zapadnom dijelu broda (PK07/C1, PK07/C2
i C4W). Sirina dasaka iznosila je 7,4 (C6E) i 13,2 cm (C7E),
a prosje¢na debljina 2,3 cm.

UPORA

Tijekom istrazivacke kampanje 2008., u sjevernom dijelu
nalazi$ta, izmedu dva isto¢na dijela brodske konstrukcije,
pronaden je obradeni komad drveta koji je protumacen kao
donji dio upore (St1), (Sl 46), koja je sluzila za upiranje
sponja na kojima je pocivala paluba (SL. 71, 73). Rije¢ je o
elementu pravokutnog presjeka, dimenzija 14 x 7 cm,
o¢uvanom u visini od 47 cm, koji na donjoj strani ima istaku
$irine 5 cm, debljine 3 cm i visine 3,5 cm (SI. 74). Istaka je
sluzila za u¢vr§éenje upore u utor koji se nalazio na gornjoj
povrsini hrptenice ili rebra.

ZASTITA BRODSKOG TRUPA

Kao $to je ve¢ u nekoliko navrata spomenuto, unutrasnjost
broda bila je prekrivena debelim zastitnim slojem smole.
Tragovi smole primijeceni su i na vanjskoj strani trupa, npr.
na ulomku bokostitnice P37E i na ulomcima platica koji su
pronadeni izvan izvornog polozaja, pa su stoga izvadeni iz
mora i zasebno prouceni.

ARCHAEOLOGY OF ADRIATIC SHIPBUILDING AND SEAFARING
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Drawing :P.P; DAO:G.B, CCJ-CNRS

PK08/St1

SL. 71 Ocuvani dio upore Stl (crtez: G. Boetto).
Fig. 71 Preserved fragment of stanchion St1 (drawing: G. Boetto).

the eastern section of the hull, two planks (C6E and C7E)
were preserved in their original position, while the third
(C8E) was shifted to the space between frames F127E and
F128E (Fig. 46). Still another piece of the movable limber
board (PK08/C61) was found next to plank C6E, but its
precise position was not recorded. Another three fragments
were found in the ship’s western section (PK07/C1, PK07/C2
and C4W). They are 7.4 (C6E) and 13.2 cm (C7E) wide, and
in average 2.3 cm thick.

STANCHION

During the 2008 excavation campaign, a worked wooden
element was found in the northern part of the site, between
two eastern sections of the hull. It was identified as the lower
part of the stanchion (St1), (Fig. 46) that supported the deck
beams on which the deck rested (Fig. 71, 73). Thise is an
element of rectangular cross-section, measuring 14 x 7 cm,
preserved to the height of 47 cm, which has a tenon on its
base, 5 cm wide, 3 cm thick, and 3.5 cm high (Fig. 74). The
tenon was set into a notch on the upper surface of the keelson
or stringer.

PROTECTION OF THE SHIP’S HULL

As already noted at several points, the ship’s interior was
covered with a thick layer of pitch. Traces of pitch were also
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SL. 72 Ulomci proveza i dasaka podnice (crtez: G. Boetto).

Fig. 72 Fragments of stringers and limber boards (drawing: G. Boetto).

st — ) — —
Sl 73-74  Oc¢uvani dio upore St (foto: Ph. Groscaux).
Fig. 73-74 Preserved fragment of stanchion St1 (photo: Ph. Groscaux).

SL.75 Pogled s jugozapada na popravak rebra RF114W (foto: Ph. Groscaux).

Fig. 75 View from the south-west of the frame repair RF114W (photo: Ph. Groscaux).
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POPRAVCI

Analiza ostataka brodske konstrukcije omogudila je
identifikaciju velikog broja popravaka izvedenih na oplati.
Rijec je o zakrpnim jezi¢cima i zakrpnim olovnim plo¢icama,
pri¢vré¢enima uz pomo¢ ¢avli¢a na unutra$nju i/ili vanjsku
stranu brodskog trupa.

Na osnovi mnogih elemenata (raspored rebara, velik broj
drvenih cavala koji spajaju rebra i oplatu, raznolikost vrsta
drvene grade) moguce je zakljuditi da su u vrijeme koristenja
broda popravljana i mnoga rebra. Nekim su popravcima bili
zahvaceni tek manji dijelovi, kao $to je to slucaj s elementom
uzduzno smjestenim na kraju rebra F114W, elementom u
blizini dokobili¢ne platice P1W (S1. 75) i elementom ubacenim
izmedu rebara F117W e F118W (Sl. 57).

ZAKRPNI JEZICCI

Zakrpni jezicci, koriSteni za ucvr§cenje zamjenskih
platica, primije¢eni su na ulomcima platica izvan originalnog
polozaja. Svi su oni bili ubaceni s vanjske strane brodskog
trupa, $to objasnjava ¢injenicu da tragovi takvih popravaka
nisu bili zamijeceni s njegove unutrasnje strane. Zakrpni
jezi¢ci, o¢uvani u duljini od 6 do 9 cm, prosje¢noj Sirini od
4,8 cm i debljini od 0,75 cm, bili su ubaceni u zamjensku
platicu kroz pravokutni utor izveden na njezinoj vanjskoj
povrsini (SL. 76, 77).

ZAKRPNE OLOVNE PLOCICE

Dvije olovne ploce i 28 plocica ili njihovi tragovi in situ,
evidentirani su na vanjskim i unutragnjim stranama olupine
(Tab. 2). Plo¢a L17, pravokutnog presjeka (dulj. 25 cm, §ir. 13
cm), pronadena je u jugoisto¢nom dijelu broda (SI. 46, 48 i
78), ispod platice P28E, a plo¢a L27 u njegovom sjevero-
isto¢nom dijelu, u blizini ulomka bokostitnice P46E (SL. 46,
56,78). Druga spomenuta ploca bila je savinuta u obliku slova
U (dulj. 17 cmy; $ir, 15,5 cm; vis. 6,5 cm), kako bi ¢im bolje
prianjala uz bokostitnicu. Obje su ploce bile fiksirane za drvo
nizom ¢avlica fiksiranih uz rubove.

Olovne plocice nesto manjih dimenzija pravokutnog su
ili kvadratnog oblika. Duljina im iznosi od 5 (L7 i L10) do
18,5 cm (L25), a Sirina od 3 (L4, L18) do 11 cm (L.2). I one su
za drvo bile u¢vr§éene nizom metalnih ¢avlica, visine od 1 do
3 cm i promjera glavice od 0,5 do 0,7 cm), (Sl. 81, 82). Valja
napomenuti da se ve¢ina plocica nalazila pod nekim dijelom
rebra (Tab. 2), $to bi znacilo da su bile postavljene prije negoli
elementi popre¢ne ¢vrstoce broda. Rije¢ je, dakle, o postupku
ucvrscivanja ili popravka ostvarenom prije negoli su tijekom
izgradnje broda postavljena rebra. Druga je mogu¢nost da je
rije¢ o naknadnim reparacijama, ali se u tom slu¢aju moze s
pravom pretpostaviti da su rebra na tim mjestima bila
zamijenjena.

Trideset i tri plocice koje nisu bile pri¢vrs¢ene za oplatu
pronadene su tijekom obje istrazivacke kampanje, ¢ime se
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observed on the external sides of the hull, e.g., on the piece
of wale P37E and on plank pieces found away from their
original positions, so that they were removed from the
seafloor and studied in detail.

REPAIRS

An analysis of the hull remains has made it possible to
identify a high number or repairs applied to the planking.
These are patched tenons and lead patches fastened with small
nails onto the internal and/or external sides of the hull.

Based on many elements (arrangement of the frames, a
high number of treenails connecting the frames to the
planking, different types of wood) it may be concluded that
during its use many of the ships frames underwent repairs.
Some repairs only encompassed smaller parts, which was the
case with the elements longitudinally placed at the end of
frame F114W, the element near garboard plank P1W (Fig. 75)
and the element inserted between frames F117W and F11W
(Fig. 57).

PATCHED TENONS

Patched tenons, used to fasten repaired planks, were
observed on the pieces of planks away from their original
positions.*® All of them were added to the exterior of the ship’s
hull, which explains the fact that the traces of such repairs
were not observed in situ in its interior. Patched tenons,
preserved at lengths of 6 to 9 cm, an average width of 4.8 cm
and thickness of 0.75 cm, were inserted into replacement
planks through rectangular mortises made on their external
surface (Fig. 76, 77).

LEAD PATCHES

Two bigger lead plates and 28 smaller patches, or their
traces in situ, were recorded on the outside and inside of the
hull (Tab. 2). Rectangular plate L17 (Ing. 25 cm, wid. 13 cm)
was found in the ship’s south-eastern section (Fig. 46, 48 and
78), below plank P28E, while plate L27 was in its north-
eastern section, near wale fragment P46E (Fig. 46, 56, 78).
The other aforementioned plate was bent into a U shape (Ing.
17 c¢cm; wid. 15.5 cm; ht. 6.5 cm) so that it could rest more
snugly against the wale. Both plates were attached to the wood
by a row of small nails at their edges.

The lead patches of somewhat smaller dimensions are
rectangular or square shaped. Their length runs from 5 (L7
and L10) to 18.5 cm (L25), while their width ranges from 3
(L4, L18) to 11 cm (L2). They were also attached to the wood
by a series of small metal nails, from 1 to 3 cm high with the
diameter of their heads ranging from 0.5 to 0.7 cm (Fig. 81,
82). It should be noted that most of the patches were below
some part of the frames (Tab. 2), which would mean that they
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SL. 76 Izmjesteni ulomci platica sa zakrpnim jezi¢cima (crtez: G. Boetto).

Fig. 76 Detached fragments of planks with patched tenons (drawing: G. Boetto).

sveukupan broj plocica popeo na 61 (Tab. 3). Na tri plocice
primijecen je urezan mreZasti motiv izveden nekim S$iljatim
alatom (SL 80). Na plocici PK07/5 nije bilo tragova cavlica
niti rupica kroz koje su bili probijeni, pa se moze zakljuciti da
plocica nije bila iskoristena, ve¢ se nalazila u alatu i priboru
za popravak brodskog korita u slu¢aju potrebe.

S ciljem boljeg razumijevanja tog tipa reparacije, plocice
124,125 i L29 bile su izvadene iz mora 2008. godine zajedno
s drvenim dijelovima broda na koje su bile fiksirane (SI. 83-
85). Ocigledno je da su se one koristile da bi na osjetljivim
mjestima zaprije¢ile prodor vode u brod, koji se mogao
dogoditi iz vi$e razloga. Plo¢ice L24 i L25 pokrivale su, na
primjer, prirodni ¢vor u drvetu, dok je plocica L29 bila
kori$tena da bi se zatvorila pukotina.

Na oplati su prouceni ¢vorovi pokriveni olovnim
ploc¢icama. Oni su velik problem samo u slu¢aju kad se nalaze
na mjestu na kojem je i utor za jezicac, kojega prisutnost
izaziva njihovo pomicanje. Stoga se na takvim mjestima, s
ciljem povecanja ¢vrstoce, primjenjivao sistem zastite izveden
pomocu ljepljive mase na bazi smole, same smole, drvenih
cavlica i plocice (SI. 84, 85). Isti je sistem bio primijenjen na
pukotinama u oplati®’.

Popravci trupa izvedeni uz pomoc¢ olovnih ploca i plocica
uoceni su i na drugim sredozemnim brodolomima iz vremena
kasne antike. Na brodolomu Port-Vendres I (Francuska, kraj
4./ poc.5. st. po Kr.) jedna je olovna ploca stitila spoj kobilice
i pete statve (Liou 1974: 417), a na brodolomu Yassi Ada II
(Turska, 4. st. po Kr.) olovne su zakrpe bile kori$tene da bi se
osnazili o$teceni dijelovi broda (Van Doorninck 1976: 128-
129). U novije vrijeme, popravci uz pomo¢ olovnih plocica
primijeceni su na brodolomu Posticcio (Korzika, 3. st. po Kr;
Alfonsi 2010).

were installed prior to the ships transversal elements. This
was, therefore, a reinforcement or repair procedure done
during the ship’s construction prior to installation of the
frames. Another possibility is that these were subsequent
repairs, but in this case, it may be rightfully assumed that the
frames at these places had also been replaced (and perhaps
substituted).

Thirty-three patches not fastened to the planking were
found during both excavation campaigns, so that the total
number grew to 61 (Tab. 3). A crosshatched pattern created
with some sort of pointed tool could be observed on three
patches (Fig. 80). There were no traces of nails on sheet
PKO07/5, nor the holes through which they had been pierced,
so it may be concluded that this patch had not been used but
was rather held among the tools and accessories to repair the
hull when necessary.

With the aim of gaining greater insight into this type of
repair, patches 124, L25 and L29 were removed from the sea
in 2008, together with the wooden parts of the ship to which

N N BN m = =
SL. 77 Zakrpni jezi¢ac (foto: Ph. Groscaux).

Fig. 77 Patch tenon (photo: Ph. Groscaux).
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SL. 78 Raspored olovnih plo¢a i plo¢ica (M. Rival, V. Dumas).
Fig. 78 Distribution plan of lead patches (M. Rival, V. Dumas).
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ZAKRPNE OLOVNE PLOCICE L24 1 L25

Rastavljanjem i analizom plocice L24 (od koje se o¢uvao
samo sivkasti trag na osnovi kojeg se moze reci da joj je
izvorna duljina iznosila 7,2 cm, a $irina 6,5 cm) utvrdeno je
da se ¢vor u drvetu nalazio u visini utora izvedenog na platici
P15W (Sl 83, 85). Cvor koji je imao tendenciju izmicanja u
smjeru unutrasnjosti oplate uzrokovao je pukotinu na platici.
Kako bi se izbjeglo dodatno slabljenje oplate i, povrh svega,
zaprije¢io prodor vode na toj tocci, majstor je izradio
svojevrsnu zakrpu.

Na unutragnju stranu platice P15W, preko ¢vora i okolnog
drveta nanesen je sloj smole smedesive boje, koja je stvorila
nepropusni sloj. Preko nje pri¢vr§¢ena je olovna plocica L24
kako bi zastitila smolu i zaprijecila drvenom ¢voru potpuni
izlazak iz lezi$ta. Plo¢icu je fiksiralo 8 metalnih ¢avli¢a koji
su se ocuvali samo u tragovima. Na istome mjestu, ali s
vanjske strane platice nalazi se takoder trag olovne plocice
fiksirane metalnim c¢avli¢ima postavljanima u kutevima i po
sredini svake stranice plocice (SL. 79).

Ovaj tip reparacije primijenjen je i na platici P37W na
kojoj se s unutrasnje strane nalazi plo¢ica L25, a odgovaraju¢a
plocica nalazi se i s njezine vanjske strane. Za razliku od
plocice L24, u ovom je slucaju i prije postavljanja vanjske
plocice na oplatu takoder bila nanesena smola. Na platici
P37W, izradenoj od drveta izrazito lose kvalitete, ispiljenog
pri samom rubu trupca, olovna plocica bila je postavljena
preko utora koji je bio urezan u ¢vor (Sl 85). Fiksiranje
plocice L26, ostavljene in situ, takoder je izvedeno na mjestu
¢vora koji se poklopio s mjestom na kojem se nalazi utor.

I na kraju, platice PI5W i P37W bile su u toliko losem
stanju da im je prijetilo pucanje i prodor vode. Stoga je
majstor pokusao popraviti stanje pomocu slojeva smole i
olovnih plo¢ica istovremeno na unutra$njoj i vanjskoj strani
u ,,sendvi¢” stilu.

they were attached (Fig. 83-85). It is obvious that they were
used to prevent water leakage into the hull at sensitive places,
which could have happened for a number of reasons. Patches
L24 and L25 covered, for example, a natural knot in the wood,
while patch L29 was used to close a crack.

It was possible to study the knots covered by lead patches
on the planking in situ. Knots are a considerable problem only
when they are at a place at which there is a mortise, as the
presence of the former necessitates movement of the latter.
Thus, in the interest of increasing strength at these points, a
protective system was rendered with the help of a pitch-based
glue, pitch alone, wooden pegs and patch itself (Fig. 84, 85).
The same system was also applied to cracks.”

Hull repairs done with the help of larger and smaller lead
patches have been confirmed at other Mediterranean
shipwrecks dated to Late Antiquity. At the Port-Vendres I
shipwreck (France, end of 4"/early 5" cent. AD) one lead
patch protected the joint between the keel and gripe (Liou
1974: 417), while at the Yassi Ada II shipwreck (Turkey, 4*
cent. AD), lead patches were used to reinforce damaged parts
of the ship (Van Doorninck 1976: 128-129). More recently,
repairs done with lead patches have been observed on the
Porticcio shipwreck (Corsica, 3™ cent. AD; Alfonsi 2010).

LEAD PATCHES L24 AND L25

Based on the removal and analysis of sample 124 (of which
only a greyish trace of the original lead patch remains, it may
be said that the original patch measured 7.2 x 6.5 cm. It was
determined that the knot in the wood was at the level of the
mortise made on plank P15W (Fig. 83, 85). The knot, which
had a tendency to move inward on the planking, caused the
plank to crack. In order to avoid additional weakening of the
planking and, most importantly, prevent leakage at this point,
the shipwright solved the situation with a repair.

SL.79 Primjer zakrpne olovne plocice (PK07/03), pri¢vrs¢ene malim
metalnim ¢avli¢ima (foto: F. Groscaux).

Fig. 79 Example of lead patch (PK07/03), fixed with small metal nails
(photo: Ph. Groscaux).

SL. 80 Ulomak zakrpne olovne plocice (PK07/06), s uzorkom rombova
postignutim urezivanjem prekrizenih kosih linija (foto: Ph. Groscaux).

Fig. 80 Fragment of lead patch (PK07/06), with the inner surface incised
with a crosshatched pattern (photo: Ph. Groscaux).
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ZAKRPNA OLOVNA PLOCICA L29

Treca izvadena plocica, L29, nije bila postavljena na
mjestu ¢vora, ved je rije¢ o stvarnom zatvaranju pukotine koja
je mogla uzrokovati ulazak vode u brod. Ta plo¢ica (dulj. 9,5;
$ir. 5,5 cm) bila je postavljena preko sljuba platica P34W i
P35W, na mjestu na kojem se nalazio jezic¢ac (SI. 84, 85).

Analizom je utvrdeno da je jedna pukotina bila zac¢epljena
zutim vlaknima biljnog podrijetla, ubacenima s unutrasnje
strane oplate. Preko njih bili su postavljeni jedan ili dva
komada drveta, koji su se poslije raspali u Cetiri do pet manjih
komadica. Pretpostakva je da su imali ulogu ¢epova za zastitu
pukotine, ali su po svoj prilici bili kori$teni i za uguravanje
materijala za Superenje u prostor izmedu dviju platica. Potom
su premazani smedezutom smolom i prekriveni olovnom
plo¢icom (SL. 85).

S vanjske strane na mjestu opisanoga popravka nisu bili
postavljeni nikakvi slojevi ljeplljive mase niti olovna plocica,
ali je ¢itava pukotina bila zamazana debelim slojem zastitne
smole. Uzrok stvaranja pukotine upravo na tome mjestu bio
je ¢vor koji se nasao na samom rubu platice jo$ prilikom
njezinog rezanja.
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A layer of grey-brown resin was applied to the internal
side of plank P15W over the knot and the surrounding wood,
which created an impermeable layer. Lead patch L24 was
fastened on top of it to protect the resin and prevent the knot
from entirely coming out of its slot. The patch was attached
with 8 metal nails that have been preserved in traces. At the
same place, but on the external side of the plank, there is also
a trace of a lead patch attached by metal nails at its corners
and in the middle of each of its sides (Fig. 79).

This type of repair was also applied to plank P37W, on
which patch L25 is attached from the inside, with a
corresponding patch on its external side as well. As opposed
to plate L24, in this case pitch was applied to the planking
even prior to attachment of the external patch. The lead patch
was placed over a mortise cut into a knot on plank P37W,
made of a very low quality wood cut from the very edge of a
trunk (Fig. 85). The attachment of patch L26 (left in situ) was
also done at the site of the knot, which corresponded to the
place at which there is a mortise.

And finally, planks P15W and P37W were in such poor
condition that they were at risk of cracking and leaking. The
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SL. 81 Zakrpna olovna plo¢ica PK08/152: a) sloj smole na vanjskoj strani ploc¢ice; b) unutrasnja strana plocice (u kontaktu s drvom), (photo: Ph.

Groscaux; drawing: N. Lete).

Fig. 81 Lead patch PK08/152: a) layer of pitch on the outer side of the patch; b) inner side of the patch (in contact with wood), (photo: Ph. Groscaux,

drawing: N. Lete).
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SI. 82 Zakrpna olovna ploc¢ica PK08/147 (ptoto: Ph. Groscaux).
Fig. 82 Lead patch PK08/147 (photo: Ph. Groscaux).

BRODOGRADEVNA NACELA I METODE

U sluc¢aju broda nasukanoga kod oto¢ica Velog Skolja rijec
je o longitudinalnoj konstrukeciji zasnovanoj na oplati, kod
koje je oblik odreden vojevima oplate, a rebra igraju tek
sekundarnu ulogu (Pomey 1988; 1998; 2004; Pomey, Rieth,
2005: 30-31). Spojevi platica uz pomo¢ utora i jezic¢aca
poveznica su medu vojevima i osiguravaju unutarnju koheziju
brodske konstrukcije koja ne ovisi o elementima popre¢ne
¢vrstode broda. Tako rebrenice i polurebrenice imaju funkciju
uévréenja trupa, one ni na koji nac¢in nisu povezane s
rebrenim nastavcima.

Glede brodogradevnih faza, na osnovi proucavanja
ostataka broda in situ moguce je pretpostaviti da je u prvome
¢asu tehnikom ,,prvo ljuska” bila izradena oplata zasnovana
na sredi$njim uzduznim elementima (kobilica i statve), a
potom su u nju dodani popre¢ni elementi. Ipak, bududi da se
nije pristupilo rastavljanju i vadenju broda, nema zasad
dovoljno podataka na osnovi kojih bi se s preciznos¢u moglo
rekonstruirati sve brodogradevne faze. Valja svakako naglasiti
da su rebrenice F199W, F125W i F129W bile uévr§éene za
kobilicu pomo¢u svornjaka, $to je uobicajeni postupak za
vrijeme iz kojeg potjece nalaz. S obzirom na ve¢ viSestruko
spomenutu ogranic¢enu koli¢inu raspolozivih podataka, nije
moguce pretpostaviti jesu li ti spojevi imali aktivnu ili pasivnu
ulogu prilikom izgradnje broda.*®

craftsman thus attempted to remedy the situation with the
use of layers of pitch and lead patches on the inside and
outside at the same time in a “sandwich” style.

LEAD PATCH L29

The third lead patch to be extracted, L29, was not placed
over a knot, rather it actually closed a crack that may have
caused water to leak into the hull. This patch (Ing. 9.5, wid.
5.5 cm) was placed over the joint between planks P34W and
P35W, at the place where the tenon was located (Fig. 84, 85).

An analysis established that one crack was plugged with
the yellow plant fibres, inserted from the inside of the
planking. One or two pieces of wood were placed over them,
but they later broke apart into five smaller pieces. It is assumed
that these were plugs to protect the crack, but they were also
used to stuff caulking material into the space between the two
planks. Then they were coated with brown-yellow pitch and
covered with a lead patch (Fig. 85).

No layers of glue nor lead patches were installed on the
external side at the spot of the repairs, but the entire crack
was coated with a thick layer of protective pitch. The crack
was in fact caused by a knot placed at the very edge of the
plank.

SHIPBUILDING PRINCIPLES AND
METHODS

The ship at the islet of Veli Skolj is a longitudinal structure
based on planking, in which the form was determined by
strakes, while the frames played only a secondary role (Pomey
1988; 1998; 2004; Pomey, Rieth, 2005: 30-31). The mortise-
and-tenon joints between the planks connected the strakes
and ensured the internal cohesion of the hull, which did not
depend on the transversal elements. Even though the floor-
timbers and half-frames served to reinforce the shell, they
were not connected to the futtocks in any way whatsoever.

With regard to the shipbuilding phases, based on a study
of the hull remains in situ, it may be assumed that the planking
based around the axial longitudinal elements (keel and posts)
was initially assembled according to the shell-first technique,
and then the transversal elements were added to it. However,
since the ship was not taken apart and recovered, there are
thus far insufficient data that could serve as the basis for a
reconstruction of all shipbuilding phases. It should certainly
be stressed that floor timbers F199W, F125W and F129W
were fastened to the keel by bolts, which was the standard
procedure during the period to which the shipwreck has been
dated. Given the limited amount of available data — stressed
repeatedly herein - it is impossible to speculate as to whether
these joints played an active or passive role in the assembly of
the ship.*

ARHEOLOGIJA JADRANSKE PLOVIDBE I BRODOGRADNJE



S1. 83  Uzorkovani dio oplate s prirodnim ¢vorom, pod zakrpnom

olovnom plo¢icom L24 (foto: Ph. Groscaux).

SL. 84 Uzorkovani dio oplate pod zakrpnom olovnom plo¢icom L29;
drvene strugotine iskori$tene za popunu praznina oko ¢vora (foto: Ph.

Fig. 83 Sampled part of planking with natural knot, under lead patch L24 Groscaux).

(photo: Ph. Groscaux).
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inside surface
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Fig. 84 Sample of planking under lead patch L29; wood shavings used to
fill the gap around the knot (photo: Ph. Groscaux).
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Sl. 85 Zakrpne olovne plocice L24, L29 i L25 (crtez: G. Boetto).
Fig. 85 Lead patches L24, L29 and L25 (drawing: G. Boetto).
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PROCJENA VELICINE, TIPA I FUNKCIJE
BRODA

Na osnovi prikupljenih podataka, prije svega na osnovi
dimenzija sastavnih dijelova oplate i rebara, duljinu broda
potonulog kod otoci¢a Velog Skolja moguée je procijeniti na
oko 15 do 20 m. Rije¢ je o tipu broda karakteristi¢cnom za
rimsko carsko doba, koji se prema definiciji koju je formulirao
Patrice Pomey (1998: 68; Pomey, Rieth, 2005: 166-167)
odlikuje sljede¢im elementima:

- kobilica s jednostavnim dokobili¢nim platicama na koje
se nadovezuje zaravnjeno dno broda;

- jednostavna oplata izradena stiénim spajanjem platica,
medusobno povezanima sistemom utora i jezicaca, bez
vanjske zastitne olovne obloge;

- sustav kompozitnih rebara u kojem su svi elementi
samostalni, u kojem se izmjenjuju rebrenice i polurebrenice,
ali se medu njih ubacuju rebrenice nejednakih krakova, a
odredene rebrenice pri¢vrséene su svornjacima za kobilicu;

- unutrasnji uzduzni elementi brodske konstrukcije medu
kojima je temeljnica jarbola poloZena na dohrptenice nad
rebrima.

S izuzetkom rebrenica nejednakih krakova koje u slu¢aju
ovog broda nisu prisutne, brod kod otoci¢a Velog Skolja
odlikuje se svim nabrojenim elementima, ukljudivo i
dohrptenicama koje se nisu o¢uvale, ali se njihovo postojanje
moze pretpostaviti na osnovi utora zamijecenih na rebrima.
Oni upucuju i na temeljnicu jarbola koja je morala postojati
na brodu, ali je nestala zajedno s kobilicom.

I na kraju, opisani brod, pokretan poglavito snagom
vjetra, najvjerojatnije se koristio za pomorski prijevoz robe,
¢emu u prilog idu znacajke brodske konstrukcije, ali i mogucéa
prisutnost tereta u trenutku brodoloma.

ESTIMATE OF THE SHIP’S SIZE, TYPE AND
FUNCTION

Based on the gathered data, and above all based on the
dimensions of the integral components of the planking and
frames, the length of the sunken ship at the islet of Veli Skolj
may be estimated to have been roughly 15 to 20 m. This was
a typical vessel of the Roman era, which according to the
definition formulated by Patrice Pomey (1998: 68; Pomey,
Rieth, 2005: 166-167) was characterized by the following
elements:

- a keel with simple garboard planks on which the ship’s
flattened bottom rested;

- simple flush-laid carvel planking, mutually connected
by a system of mortises and tenons, without outer protective
lead sheathing;

- a system of composite frames in which all elements are
independent, in which floor-timbers and half-frames
alternate, but with asymmetrical floor-timbers inserted
between them, while certain floor timbers are bolted to the
keel;

- internal longitudinal elements of the hull, and a mast
step, set on the bilge keelsons above the frames.

With the exception of the asymmetrical floor timbers,
which were not observed here, the ship at the islet of Veli Skolj
is characterized by all of these elements, including the bilge
keelsons that were not preserved, but whose existence may be
supposed on the basis of the recesses present on the frames.
They also point to the mast step which had to have existed on
the ship but were gone together with the keel.

And finally, the described ship, propelled primarily by the
wind, was most likely used to transport goods by sea, which
is backed by the features of the hull structure, as well as the
possible presence of cargo at the time of the wreck.

ARHEOLOGIJA JADRANSKE PLOVIDBE I BRODOGRADNJE
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Cfr. supra (M. Parica). IstraZivanje u organizaciji Odjela za arheologiju
Sveucilista u Zadru provedeno je pod vodstvom Zdenka Brusica, uz
sudjelovanje Mate Ilkica iz istog Odjela te tada$njih studenata arheologije
Mate Parice i Marka Mestrova.

Istrazivackoj ekipi, s ciljem logisticke podrske i izrade nacrtne, fotografske
i videodokumentacije nalazista, pridruzili su se Irena Radi¢ Rossi i
Krunoslav Zub¢i¢ iz Odjela za podvodnu arheologiju Hrvatskog
restauratorskog zavoda te podvodni snimatelj Marino Brzac.

Analiza je provedena u Laboratoriju za mjerenje niskih aktivnosti Zavoda
za eksperimentalnu fiziku Instituta Ruder Boskovi¢ u Zagrebu.

Godine 2007. sporazum o suradnji potpisali su Hrvatski restauratorski
zavod, Centre Camille Jullian (Aix-en-Provence, Francuska) i udruga
Arkaeos (Marseille, Francuska), a 2008. godine u ime hrvatskog partnera
u sporazumu je nastupio Odjel za arheologiju Sveucilista u Zadru. Na
temelju sklopljenog ugovora medunarodna suradnja u podrudju
arheologije broda i arheologije pomorstva nastavila se do danas.

Projekt su financijski i organizacijski podrzali Ministarstvo kulture RH,
Centre Camille Jullian (Aix-en-Provence, Francuska) i Op¢ina Pakostane.
Prethodna izvijesca o tijeku i rezultatima podmorskog istrazivanja
objavljena su u viSe navrata: Radi¢ Rossi, 2008a; 2008b; 2009; Boetto,
Marlier, Radi¢ Rossi, 2008; 2012; 2015; Boetto et al., 2012.

Cf. infra (C. Huguet).
Cf. infra (E. Guibal et al.).
Cf. infra (C. Zazzaro).
Cf. infra (C. Huguet).

Keramicki zeton (PK08/119: promjer 1,7 cm; debljina 0,4 cm, SI. 23) i dva
komada necitkog novca (PK08/65 i PK08/135) u kvadratu F2 (SI. 28, 29);
ulomak staklene posude neidentificiranog oblika (PK08/105) u kvadratu
E2 i ulomak drva s utorima (PK08/2) u kvadratu F3.

" Cf. infra (E. Guibal et al.).
12 Cf. infra (C. Huguet).

* Faunalne ostatke proudila je Audrey Renaud, tada doktorandica na

Sveucilistu Paul-Valery, Montpellier (UMR 5140, Lattes), kojoj
zahvaljujemo na suradnji i trudu. Rije¢ je o ulomku dijafize metakarpalne
kosti odrasle jedinke iz roda Ovis ili Capra (ovca ili koza) i jednom
ulomku kraljeska malog biljojeda (Ovis, Capra, Capreolus).

PK08/79, pronaden u kvadratu G2.
PK08/74 i PK08/160.

Druga sli¢na rjeSenja mogu se ostvariti uz pomo¢ drugih tipova linoleuma
ili plasti¢nih materijala crne ili sive boje, na koje se oznake nanose
vodootpornim flomasterima bijele ili Zute boje.

Navedene elemente nije u svim slu¢ajevima bilo moguce razlikovati, pa
se zbog toga u trenutku istrazivanja odlucilo primijeniti zajedni¢ku
oznaku, a kona¢ne zakljucke o vrsti konstruktivnog elementa donijeti tek
nakon naknadne analize brodske konstrukcije.

Usp. npr. brodolom broda tipa navis lapidaria na nalazi$tu Kizilburun
(Turska, 1. st. po Kr.): Carlson, 2006 i Higgins, 2007.

Na francuskim nalazistima stereo fotogrametrija pocela se primjenjivati
sedamdesetih godina prosloga stolje¢a (usp. npr. brodolome Planier 3,
Liou, 1973, i Madrague de Giens, Tchernia et al., 1978). Fotogrametrija je
poslije primijenjena i na nalazi§tu Grand-Ribaud D kako bi se skratilo
vrijeme podmorskog dokumentiranja (Blaustein, Hesnard, 1988).

Cf. supra.

NOTES

Cf. supra (M. Parica). Research organized by the Archaeology Depart-
ment of the University of Zadar was conducted under the direction of
Zdenko Brusi¢, with the participation of Mate Ilki¢ from the same de-
partment and Mate Parica and Marko Mestrov, both archaeology students
at the time.

In order to provide logistical support and to draft sketches and compile
photographic and video documentation of the site, the research team was
complemented by Irena Radi¢ Rossi and Krunoslav Zub¢i¢ from the Un-
derwater Archaeology Department of the Croatian Conservation Insti-
tute, and underwater cameraman Marino Brzac.

The analysis was conducted in the Laboratory for Low-level Radioactiv-
ities of the Experimental Physics Division at the Ruder Boskovi¢ Institute
in Zagreb.

In 2007, the cooperation agreement was signed by the Croatian Conser-
vation Institute, the Centre Camille Jullian (Aix-en-Provence, France)
and the association Arkaeos (Marseille, France), while in 2008, the agree-
ment was joined on behalf of the Croatian partner by the Archaeology
Department of the University of Zadar. Based on the concluded agree-
ment, international cooperation in the field of nautical archaeology and
maritime archaeology continues to the present.

The project has received financial and organizational support from the
Croatian Ministry of Culture, the Centre Camille Jullian (Aix-en-
Provence, France), the Pakostane Municipality and the region Provence-
Alpes-Cote d’Azur. Prior reports on the course and results of the under-
water research have been published in: Radi¢ Rossi, 2008a; 2008b; 2009;
Boetto, Marlier, Radi¢ Rossi, 2008; 2012; 2015; Boetto et al., 2012.

Cf. infra (C. Huguet).

Cf. infra (F. Guibal et al.).

Cf. infra (C. Zazzaro, S. Wicha).

Cf. infra (C. Huguet).

A ceramic token (PK08/119: diameter 1.7 cm; thickness 0.4 cm, Fig. 23)
and two illegible coins (PK08/65 and PK08/135) in square F2 (Fig. 28,
29); shard of a glass vessel of unidentifiable shape (PK08/105) in square
E2 and fragment of wood with grooves (PK08/2) in square F3.

Cf. infra (F. Guibal et al.).

Cf. infra (C. Huguet).

The faunal remains were studied by Audrey Renaud, then a doctoral stu-
dent at Paul-Valery University, Montpellier (UMR 5140, Lattes), whom
we thank for her cooperation and efforts. This is a piece of the diaphysis
of the metacarpal bone of an adult individual from genus Ovis or Capra
(sheep or goat) and one vertebral fragment from a small ruminant (Ovis,
Capra, Capreolus).

PKO08/79, found in grid square G2.

PKO08/74 and PK08/160.

Another, similar solution may be implemented with the help of other

types of linoleum or black or grey plastic materials, to which marks are
applied with water-resistant white- or yellow-ink markers.

These elements could not be distinguished in all cases, so the decision
was made to use a common designation during excavations, while the
final conclusion on the type of constructive element will be made only
after subsequent analysis of the ship’s construction.

See for example, the wreck of a navis lapidaria type ship at the Kizilburun
site (Turkey, 1 cent. AD). Carlson, 2006 and Higgins, 2007.

ARHEOLOGIJA JADRANSKE PLOVIDBE I BRODOGRADNJE



Fotograf Centra Camille Jullian, Philippe Groscaux, snimio je ostatke
broda fotoaparatom Nikon D70s, s objektivom od 20 mm.

U trenutku pisanja ovog teksta navedeni program vise nije bio dostupan.
Geodetsko snimanje brodoloma obavio je geodet Marijan Radovic.
Bokoétitnici pripadaju tri ulomka P37E, P46E i P53E.

Polozaj ostalih rebrenica utvrden je na osnovi tragova veznih elemenata
na oplati.

Sre¢om, godine 2004. napravljen je crtez u mjerilu 1:1 (SL. 57.2). Rije¢ je
o znacajnom dokumentu koji je ocuvao ne samo oblik elementa, vec i
vazne mjere poput Sirine gornje povrsine kobilice koja se nije o¢uvala.
Cfr. infra.

Udaljenost medu drvenim ¢avli¢ima za ucvr§éenje jezicaca bila je
izmjerena na mjestima koja nisu bila prekrivena debelim zastitnim slojem
smole. Zbog takve situacije, na planu oplate (SL. 51) spojevi uz pomo¢
jezi¢aca pri¢vr$¢enih drvenim ¢avli¢ima nisu prikazani na svim mjestima,
$to je posljedica nemogu¢nosti dokumentiranja, a ne nepostojanja takvih
spojeva.

Izra¢un za raspored utora na dokobili¢nim platicama izveden je na osnovi
iznosa 6,8 cm (udaljenost medu utorima) podijeljenog s 8,26 cm (Sirina
utora). Izrac¢un za raspored utora na ostalim platicama dobiven je
dijeljenjem iznosa 8,7 cm (razmak medu utorima) s 5,9 cm ($irina utora).

Rezultati pokazuju da su na dokobili¢nim platicama utori za spoj na
kobilicu izvedeni tako da u slobodan prostor koji ostaje medu njima nije
utora), dok je u slu¢aju ostalih platica u slobodan prostor medu utorima
moguce ubaciti jo$ gotovo jedan i pol utor (preciznije, ostaje prostora za
1,47 utora).

Za objanjenje stozastog oblika ¢avli¢a vidi Rival, 1991: 202.

Na brodolomima na kojima su sustavno izmjereni unutra$nji i vanjski
promjeri svih drvenih ¢avli¢a, nakon $to su s oplate uklonjeni elementi
uzduzne ¢vrstoce, pokazalo se kako su oni uglavnom ubaceni s unutra$nje
strane broda, ukljucivo i mjesta koja su poslije pokrivena rebrima. Rije¢
je 0 jednom od jasnih pokazatelja da je brod bio izgraden tehnikom ,,prvo
ljuska”. Suprotan smjer ubacivanja drvenih ¢avli¢a moze se interpretirati
kao pokazatelj prijelaza na tehniku ,,prvo kostur” samo u slu¢aju kad su
¢avli¢i ubaceni na mjestima na kojima se s unutrasnje strane nalaze
rebrenice. U slu¢aju brodoloma na lokalitetu Bourse (Burza) u Marseilleu
(Francuska, 190. - 200. g. po Kr.), ubacivanje drvenih ¢avli¢a s vanjske
strane broda primijeceno je tek ispod nekoliko rebrenica i u gornjem
dijelu broda (Gassend, Cuomo, 1982a; 1982b; 1985). Taj detalj naveo je
autore na pretpostavku da je rije¢ o kombinaciji dviju tehnika, $to je
poslije doveo u pitanje P. Pomey (1988; 2004). Vidi takoder Pomey, Rieth,
2005: 169-171.

Usp. ¢avli¢e s brodoloma Madrague de Giens (Rival, 1991: 195, tav. 54 e
95) i Dramont E (Santamaria, 1995: 145, tav. XVI); za obja$njenje malog
utora na mjestu dodira s jezi¢cem vidi Rival, 1991: 195.

Rebro FO9OW nije se ocuvalo, ali je moguée rekonstruirati njegov polozaj
na osnovi drvenih ¢avala uz pomoc¢ kojih je bilo pri¢vré¢eno na oplatu.
Na isti nacin, nizovi drvenih ¢avala omogucuju rekonstrukciju polozaja
jo$ nekih neoc¢uvanih dijelova rebara.

F115W, F117W, F119W, F121W, F123W, F125W, F127W i F129W.
F112W, F118W, F120W, F122W, F124W, F126W i F128W.

Analize vrsta drvene grade ukazale su na veliku heterogenost vrsta
iskoristenih za gradnju broda, ne upucujuci na neke posebne vrste kojima
se davala prednost prilikom popravaka; cfr. infra.

Slivnice su primije¢ene i na ulomku rebrenice pronadenom izvan

ARCHAEOLOGY OF ADRIATIC SHIPBUILDING AND SEAFARING

At French sites, stereo photogrammetry began to be used in the 1970s
(cf., for example, shipwrecks such as the Planier 3, Liou, 1973, and Mad-
rague de Giens, Tchernia et al., 1978). Photogrammetry was later also
applied to the Grand-Ribaud D site, in order to reduce the time needed
for underwater documentation (Blaustein, Hesnard, 1988).

Cf. supra.

A photographer from the Centre Camille Jullian, Philippe Groscaux, shot
the remains of the ship with a Nikon D70s camera with a 20 mm lens.

At the time when this text was written, this programme was no longer
available.

The geodetic survey of the shipwreck was done by surveyor Marijan Ra-
dovic.
Three pieces, P37E, P46E and P53E, belong to the wale.

The position of the remaining floor timbers was ascertained on the basis
of traces of connective elements on the planking.

Fortunately, in 2004 a sketch at 1:1 scale was drawn (Fig. 57.2). This is a
vital document, which preserved not only the shape of the elements, but
also important measures such as the width of the upper surface of the
keel, which had not been preserved.

Cfr. infra.

The distance between the wooden pegs to fasten the tenons was measured
at places that were not covered with a thick protective layer of resin.
Because of this, the map of the planking (Fig. 51) does not show the joints
with the tenons fastened by wooden pegs at all places, which was a result
of the impossibility of documentation rather than the absence of such
joints.

The calculation for the distribution of mortises on the garboard planks
was done on the basis of the value of 6.8 cm (the average distance between
the mortises) divided by 8.26 cm (average width of mortises). The calcu-
lation of the distribution of mortises on the remaining plans was obtained
by dividing 8.7 cm (the average interval between mortises) by 5.9 cm
(average width of mortises).

The results show that on the garboard planks, the mortises to connect to
the keel were rendered so that one more mortise could not be inserted
into the free space that remained between them (to be precise, space for
a 0.821 share of a mortise remained), while in the case of the remaining
planks, almost one and a half mortise can be inserted in the free spaces
among the mortises (to be exact, space for 1.47 mortises remained).

For an explanation of the conical shape of the pegs, see Rival, 1991: 202.

At shipwrecks where the internal and external diameters of all wooden
pegs were systematically measured, after the frames were removed from
the planking, it was found that they were generally inserted from the
inside of the ship, including those places that were subsequently covered
by frames. This is one of the clear indicators that the ship was construct-
ed by the shell-first technique. The opposite direction of inserting wood-
en pegs may be interpreted as an indicator of the transition to the frame-
first technique only in cases in which the pegs were inserted at places at
which there are frames from the inside. In the case of the shipwreck at
the Bourse site in Marseille (France, 190-200 AD), the insertion of wood-
en pegs from the outside of the ship was observed only under some
frames and in the upper section of the ship (Gassend, Cuomo, 1982a;
1982b; 1985). This detail led the authors to assume that this entailed a
combination of the two techniques (shell first and skeleton first), which
was later challenged by P. Pomey (1988; 2004). See also Pomey, Rieth,
2005: 169-171. See recently Pomey, Kahanov, Rieth 2012.

Cf. the pegs from the Madrague de Giens shipwreck (Rival, 1991: 195,
tab. 54 and 95) and Dramont E (Santamaria, 1995: 145, tab. XVI); for an
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izvornog polozaja (PK07/F2) i na rebrima u zapadnom dijelu broda
(rebrenice F115W, F117W, F119W, F121W, F123W, F125W, F127W i
F129W; polurebrenice F112W, F118W, F124W, F126W i F128W).

F119W, F125W i F19W.

Tako metalni ¢avli nisu analizirani, dvije vrste metala sugerirane su na
osnovi boje (crna za Zeljezo i zelenkasto-plava za bakar).

Velik broj ¢avala, visine od 8,6 do 11 cm i promjera glavice od 1,5 do 2
cm, pronaden je u sloju oko brodoloma.

F119W, F121W, F122W i F123W.
Po pitanju datiranja vidi Bonifay et al., 1998: 101.
Po pitanju datiranja vidi Bonifay, 2004: 105.

Zbog vremenskih ograni¢enja uzrokovanih, prije svega, raspolozivim
financijskim sredstvima, nije bilo moguce sustavno dokumentirati sve
spomenute indikatore prisutnosti unutra$nje oplate.

Ulomci platica PK07/P9 i PK07/P10; zakrpni jezicac PK08/P80.

Prema informaciji dobivenoj od Marka Mestrova i danas se u Hrvatskoj
neki vlasnici drvenih brodova koriste smjesom od smokava, osusenom
na suncu, za zatvaranje pukotina na drvenoj gradi, jer ju $ecer koji sadrzi
¢ini u¢inkovitim ljepilom.

Vise o elementima koji ukazuju na primjenu tehnike ,,prvo ljuska” na
tehniku ,,prvo kostur” vidi u Pomey, Kahanov, Rieth, 2012 1 2013, gdje je
navedena ostala relevantna literatura.

Tehnika dokumentiranja konopa preuzeta je iz Wendrich, 1994.

Analize je provela Stéphanie Wicha u Mediteranskom institutu za morsku
i kontinentalnu bioraznolikost i ekologiju (Institut Méditerranéen de
Biodiversité et d’Ecologie marine et continentale - IMBE) 2013. godine,
zahvaljujuéi sredstvima francuskog Ministarstva vanjskih poslova i
medunarodnog razvoja ((Ministere de 1 Europe et des affaires etrangeres
- MEAE). Autorica zahvaljuje Régine Verlaque za pomo¢ pri odredivanju
vrste vlakana.

Mala dubina i sastav sedimenta na nalazi$tu (rastresiti pijesak s ulomcima
$koljaka) upucuju na moguénost kontaminacije skupine nalaza
predmetima koji ne pripadaju cjelini brodoloma. U tom smislu mogu se
interpretirati tri velika ulomka amfore kampanskoga podrijetla. Preostala
skupina keramic¢kih ulomaka homogena je po pitanju podrijetla i
datiranja.

Zahvaljujem Michelu Bonifayu, istraziva¢u u institutu Camille Jullian
(Aix Marseiile Univ, CNRS, Minist Culture) na dragocjenim savjetima
prilikom obrade keramickih nalaza.

O razlikovanju brodskog tereta i opreme broda vidi Beltrame, 2002: 6-8
i42.

Kao §to je to slu¢aj na mnogim brodolomima u Sredozemlju. Vidi npr.
Madrague de Giens (Francuska, 75. - 60. g. pr. Kr.); Tchernia et al., 1978:
20-21.

Na ulomku uljanice ne vide se tragovi gorenja, $to je siguran pokazatel;j
koritenja uljanice na brodu (Beltrame, 2002). Moguce je, medutim,
pretpostaviti kako su tragovi gorenja nestali zbog dugotrajnog djelovanja
morske vode.

O predmetima koji potvrduju prisutnost igara na brodu vidi Beltrame,
2002.

Oko 1 cm’ drvene grade bio je uzet na mjestima na kojima je drvo bilo
najkompaktnije i najbolje o¢uvano. Posebna pozornost posveéena je
izbjegavanju mjesta na kojima su bili prisutni kanali nastali djelovanjem
crvotocca ili brodskog crva (Teredo navalis).

Danas Institut Méditerranéen de Biodiversité et d’Ecologie marine et
continentale.
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explanation of the small narrowing at the point of contact with the tenon,
see Rival, 1991: 195.

Frame F99W was not preserved, but it is possible to reconstruct its posi-
tion on the basis of the treenails that helped fasten it to the planking. In
the same way, rows of treenails allow for the reconstruction of the posi-
tion of certain other unpreserved parts of the frames.

F115W, F117W, F119W, F121W, F123W, F125W, F127W, and F129W.
F112W, F118W, F120W, F122W, F124W, F126W, and F128W.

Analyses of the wood have underscored the great heterogeneity of the
types used to build the ship, without giving an indication of any specific
type that was preferred during repairs; cf. infra.

Limber holes were also observed on the floor timber piece found away
from its original position (PK07/F2) and on the frames in the ship’s west-
ern section (futtocks F115W, F117W, F119W, F121W, F123W, F125W,
F127W, and F129W; half-frames F112W, F118W, F124W, F126W, and
F128W).

F119W, F125W and F19W.

Even though the metal nails have not undergone analysis, the two types
of metal are indicated on the basis of colour (black for iron and green-
ish-blue for copper).

A high number of nails, 8.6 to 11 cm high and head diameters from 1.5
to 2 cm, were found in the layer around the shipwreck.

F119W, F121W, F122W, and F123W.
On the question of dating, see Bonifay et al., 1998: 101.
On the question of dating, see Bonifay, 2004: 105.

Due to the time constraints caused by, above all, available funding, it was
not possible to systematically document all of these indicators of the
presence of internal planking.

Plank fragments PK07/P9 and PK07/P10; patched tenon PK08/P80.

According to information obtained from Marko Mestrov, even today
some owners of wooden boats in Croatia use a mixture of figs dried in
the sun to fill cracks on wood, because the sugar they contain is an effec-
tive glue.

For more on the elements that indicate application of the shell-first tech-
nique and frame-first technique, see Pomey, Kahanov, Rieth, 2012 and
2013, in which the remaining relevant sources are cited.

The technique for documenting rope was taken from Wendrich, 1994.

The analysis was conducted by Stéphanie Wicha in the Mediterranean
Institute of Marine and Terrestrial Biodiversity and Ecology (Institut
Méditerranéen de Biodiversité et d’Ecologie marine et continentale -
IMBE) in Aix-en-Provence in 2013, thanks to funding provided by the
French Ministry of Foreign Affairs and International Development
(Ministere des affaires etrangeres et du développement international —
MAEDI). The author would like to thank Régine Verlaque for her assis-
tance in determining the type of fibre.

The modest all depth and composition of the sediment at the site (loose
sand with pieces of seashells) point to the possibility of contamination of
the set of finds with items that do not belong to the wreckage site. In this
sense, they may be interpreted as three large fragments of Campanian
amphorae. The remaining group of ceramic fragments is homogenous in
terms of origin and dating.

The author is grateful to Michel Bonifay, director of Research at the
Camille Jullian Institute (Aix Marseille Univ, CNRS, Minist Culture) for
his valuable advice during the analysis of ceramic finds.

On the distinction between a ship’s cargo and accessories, see Beltrame,
2002: 6-8 and 42.

ARHEOLOGIJA JADRANSKE PLOVIDBE I BRODOGRADNJE
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ARCHAEOLOGY OF ADRIATIC SHIPBUILDING AND SEAFARING

Valja napomenuti kako je samo $est elemenata poprec¢ne ¢vrstoce broda
ostalo neanalizirano.

Podatci dobiveni iz polena izdvojenog iz smole iskori$tene za zastitu
rije¢nog galo-rimskog broda Arles-Rhdne 3 upucuju na njezino lokalno
podrijetlo: vidi Andrieu-Ponel, 2011 i Marlier, 2014.

Mali brod za lokalnu plovidbu (Caska, otok Pag, Hrvatska) i rije¢ni
brodovi (Lion i Arles, Francuska).

Koristenje ove vrste dokazano je takoder na nekim dijelovima rebara
brodoloma Pisa C (Italija, po¢. 1. st. po Kr.): Giachi et al., 2003.

Kao primjer moze nam posluziti podatak da je prilikom istrazivanja
brodoloma YK 11 (MRY 5) iz 7. st. po Kr., otkrivenog na nalazistu
Yenikapi, gdje se nalazila bizantska i srednjovjekovna luka Carigrada,
istrazivacki tim Sveucdilista Texas A&M primijetio kako je hrptenica u
pramc¢anom dijelu broda bila izradena sekundarnom uporabom dijela
kobilice drugog broda (osobno priopéenje C. Pulak, prosinac 2010.).

As was the case of many shipwrecks in the Mediterranean. See, e.g., Ma-
drague de Giens (France, 75-60 BC); Tchernia et al., 1978: 20-21.

No traces of burning can be seen on the oil-lamp, which is a certain in-
dicator of its use on the ship (Beltrame, 2002). It is possible, however, to
assume that the traces of burning disappeared due to the long-term ef-
fects of seawater.

On the items that confirm the presence of games played on board, see
Beltrame, 2002.

Approximately 1 cm® of wooden material was taken at places where the
wood was the most compact and best preserved. Particular attention was
accorded to the avoidance of places where there are holes made by the
boring of shipworms (Teredo navalis).

Now called the Institut Méditerranéen de Biodiversité et d'Ecologie ma-
rine et continentale.

It should be noted that only six elements of the ship’s transversal carpen-
try remain unanalysed.

The data from the pollen extracted from the pitch used for the Gallo-Ro-
man river ship, Arles-Rhone 3, indicate a local origin: see Andrieu-Ponel
2011 and Marlier 2014.

Small boat for local traffic (Caska, island of Pag, Croatia), river boats
(Lyon and Arles, France).

The use of this wood type has also been proven on some parts of the
frames at the Pisa C shipwreck (Italy, beg. 1** cent. AD): Giachi et al., 2003.

A useful example here may be the fact that during exploration of the
YK11 (MRY 5) shipwreck from the 7" cent. AD discovered at the Yenikap:
site, the location of the Byzantine and medieval harbour of Constantino-
ple, a research team from Texas A&M University noticed that the stern-
son of the ship had been made from the keel of another ship in secondary
use (Pulak, Ingram, Jones, 2015).
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