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Zgodnjerimska ladja iz Ljubljanice pri Sinji Gorici

Early Roman barge from the Ljubljanica River at Sinja Gorica

Miran ERIC, Andrej GASPARI, Katarina CUFAR, Franc SOLINA, TomaZ VERBIC

Izvlecek

Med preventivnimi podvodnimi arheologkimi pregledi struge Ljubljanice pri Sinji Gorici leta 2008 so bili med drugim
odkriti ostanki zgodnjerimske tovorne ladje z zacetka 1. st. n. §t. Oktobra 2012 je bil delno raziskan 4,5 m dolg in 2,8 m
$irok delladje z ravnim dnom in navpi¢nimi boki. Za dokumentiranje je bilo uporabljeno fotogrametri¢no trirazseznostno
modeliranje. Po konstrukcijskih znacilnostih in merah gre za rimsko tovorno ladjo sredozemske ladjedelniske tradicije,
podolgovate ovalne oblike z ravnim dnom in samonosilno lupino, ki je je bila med gradnjo spojena s $tevilnimi Zelezni-
mi spojkami, zabitimi ez stike platic. Ladijski trup je bil dodatno spet s talnimi tramici na nacin, ki doslej v literaturi
$e ni bil opisan. Ladja, izdelana pretezno iz bukovega lesa, je bila glede na rezultate dendrokronoloske analize zgrajena
kmalu po letu 3 nasega Stetja. Pregled je pokazal, da je les zelo slabo ohranjen. Sklepamo, da je bila ladja uporabljena
za prevoz tovora med Navportom in Emono.

Klju¢ne besede: rimska doba, Ljubljanica, Sinja Gorica, Nauportus, zgodnjerimska tovorna ladja, podvodna arheo-
logija, fotogrametri¢ni 3R-model

Abstract

Preventive underwater archaeological surveying in the bed of the Ljubljanica River, conducted at Sinja Gorica in
2008, revealed the remains of an Early Roman wooden barge from the beginning of the 1% century AD. Detailed docu-
mentation of the 4.5m long and 2.8m wide section of the boat followed in October 2012 and included photogrammetric
three-dimensional modelling. The construction characteristics and size revealed a boat of the Mediterranean shipbuilding
tradition, with an elongated oval shape and a flat bottom and vertical sides, constructed using the shell-first technique
and planks fastened with iron clamps, while the hull was reinforced with floor-timbers in a manner not yet published
in the relevant literature. The barge, made mostly of beech wood, was built soon after AD 3 according to the dendro-
chronological analysis. The wood is very poorly preserved. The barge was presumably used to transport cargo between
Nauportus and Emona.

Keywords: Roman period, the Ljubljanica River, Sinja Gorica, Nauportus (Vrhnika), Early Roman barge, underwater
archaeology, photogrammetric 3D model
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1. UVOD 1125, in 1865/1 k. o. Verd je bilo opravljen pod

Terenski pregled leta 2008

Skupina za podvodno arheologijo (SPA) Zavoda
za varstvo kulturne dedisc¢ine Slovenije (ZVKDS)
je v okviru za$citnega posega pred vzdrzevalnimi
deli - utrjevanjem desne brezine — septembra 2008
opravila podvodne terenske preglede okoli 200 m
dolgega odseka Ljubljanice pri Sinji Gorici (sl.
I: ¢).! Intenzivni podvodni pregled potencialno
ogrozenega obmocja struge Ljubljanice (Eviden¢na
$tevilka dedis¢ine 11420) vzdolz parc. §t. 1100,

! Eri¢, Gaspari 2009a; Eri¢ et al. 2009.

okriljem ZVKDS, Obmoc¢ne enote Ljubljana.?

V 44 kvadrantih je bilo med pregledom odkri-
tih okoli 2.500 predmetov, ve¢inoma odlomkov
prazgodovinskega, rimskega, srednjeveskega,
novoveskega in modernega kerami¢nega posodja
in gradbenega materiala. Med najdbami izstopajo
zgodnjerimska fibula tipa Aucissa, okoli 10 kg tez-
ka, ¢asovno neopredeljena Zelezna pogaca (ingot)
ter paleolitska lesena konica, najverjetneje del
lovskega orozja ¢loveka, ki je zivel pred priblizno

2 Terensko skupino so sestavljali Miran Eri¢ iz SPA
ZVKDS, potaplja¢i Drustva za raziskovanje morja Ljubljana
Rok Kovaci¢, Marko Gaspari¢ in Oskar Musi¢, potapljaci
$portnega drustva Trident Gasper Kosir, Anze Kosir, Marjan
Vidmar in Zlatko Kovac ter Matej Draksler in geodetski
tehnik Marko Gaspari.
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Sl. 1: Severovzhodno obmo¢je Vrhnike z rimsko naselbino. a — Dolge njive; b - Breg (Musi¢, Horvat 2007); ¢ - obmo¢je

za§¢itnih pregledov leta 2008; d — obmo¢je raziskave ladje v Ljubljanici pri Sinji Gorici leta 2012.

Fig. 1: Area north-east of Vrhnika with the Roman settlement. a - Dolge njive; b - Breg (Mus$i¢, Horvat 2007); ¢ — area

of the 2008 survey; d — area of the 2012 barge documentation in the Ljubljanica River at Sinja Gorica.
(Podlaga / Based on ©GERK MKO)

SI 2: Ljubljanica pri Sinji Gorici. Stanje plovila ob odkritju septembra leta 2008.
Fig. 2: The Ljubljanica at Sinja Gorica. State of the vessel upon discovery in September 2008.
(Foto / Photo: M. Gasparic)
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45.000 leti.?> Skupina je na skrajnem vzhodnem
delu pregledanega obmocja ob kvadrantih 35 in 36
odkrila tudi lesene dele ladje (sl. I: d; 2)* z levo in
desno bo¢no ¢olnico, ravnim dnom, sestavljenim iz
petih talnih platic, in Zeleznimi spojkami. Ostanki
ladje so lezali vodoravno in izginjali pod sedimente
brezine. V neposredni blizini ladje je bilo odkritih
tudi 15 prostolezecih Zeleznih spojk in 2 kovana
zeblja, ki domnevno pripadajo ladji (¢. 1). Med
pregledi je bila ugotovljena priblizna Sirina med
obema ¢olnicama okoli 2,4 m. Na podlagi Sirine in
datacije plovila je bilo mogoce sklepati, da gre za
12 do 15 m dolgo ladjo iz zadnjih desetletij pred
nasim $tetjem ali prvih desetletij nasega Stetja.

Najdis¢ne okoliscine

Odkritje ladje v Ljubljanici pri Sinji Gorici (odslej:
ladja iz Sinje Gorice) ni nakljucje iz dveh razlogov.
Prvi so naravne razmere na Ljubljanskem barju in v
Ljubljanici, ki so izjemno ugodne za ohranjanje lesenih
najdb. Hidrogeoloske in geomorfoloske znacilnosti
Ljubljanskega barja, zlasti visok nivo podtalnice,
zagotavljajo izjemo ugodne pogoje za ohranitev
organskih snovi. Na tako naravo Barja kaze tudi
mnozica odkritih deblakov in plovil, ki jih je na tem
obmo¢ju danes najmanj 76, z za zdaj najstarej$ima
dendrokronolosko datiranima deblakoma (3211 in
3136 pr. n. §t.) s koli§¢a Stare gmajne,’ ter nekaj
deblaki, datiranimi v 1. st. pr. n. §t. in 1. st. n. §t.”

Do pomembnega odkritja je prislo oktobra leta
1890 na obmo¢ju Brezovega loga v Lipah, na po-
sestvu Josipa Kozlerja, med kopanjem odtoc¢nega

3 Gaspari, Eri¢, Odar 2011; 2012.

4 Na globini 2,5 m pod srednjo gladino vode in
absolutni nadmorski vi$ini 284,11 m ter koordinatah GK
y 446827, x 92200.

5 Ve¢ o deblakih in plovilih Hohenwarth 1838, 79,
87, 89; Dezman 1858; 1878; Miillner 1892a; 1894; 1897;
Melik 1946, 71, op. 121; Eri¢ 1994; 1998; 2008; 2009a; in
dva neobjavljena elaborata, ki ju hrani Zavod za varstvo
kulturne dedi$¢ine Slovenije: Curk, I. Nemec, B. Vici¢, D.
Vuga, Elaborat. Analiza konservatorskega problema v zvezi
z lesom in drugimi organskimi ostalinami v arheoloskih
najdis¢ih (Zavod SR Slovenije za varstvo naravne in kulturne
dediscine, Ljubljana 1981) in P. Mali, D. Vuga, Drevak iz
Lip na Ljubljanskem barju (Republiski zavod za spomenisko
varstvo Ljubljana, Ljubljana 1978).

6 Veluséek, Verani¢, Cufar 2009.

7 Eri¢ 2008, Vrhniski deblak I (SI-60) iz 1. st. n. §t.,
Jelovskov deblak (SI-02) iz 1. st. pr. n. §t., deblaka Krtine
L. in II. (SI-04 in SI-05) iz 1. st. pr. n. §t. in 2. st. n. §t. ter
Zitnikov deblak (SI-06) iz 1. st. n. §t.

jarka. Delavci so takrat naleteli na 30 m dolgo in
4,8 m Siroko ladjo, ki velja za eno najbolje ohra-
njenih anti¢nih plovil nasploh (odslej: ladja iz
Lip). Alfons Miillner, kustos dezelnega muzeja, ki
je ladjo dokumentiral, je na podlagi stratigrafske
lege plovila menil, da je predrimska.® Z radiome-
tri¢nimi datacijami je bila gradnja ladje umesc¢ena
v drugo polovico 1. st. pr. n. §t. ali na sam zacetek
1. st. n. §t.7 Plovilo je zaradi svojih konstrukcijskih
znacilnosti pogosto obravnavano med raziskovalci
anti¢nega ladjedelnistva.

Druga pomembna okolis¢ina najdbe pri Sinji
Gorici je, da je bila ladja odkrita le okoli 300 m
vzhodno od zgodnjerimske naselbine s skladisci
in pristani§¢em v okljuku Ljubljanice na Dolgih
njivah (sl. 1: a), obdane z obzidjem in obramb-
nim jarkom.!? Naselbina na Dolgih njivah je bila
opuséena v prvi polovici 1. st. n. §t., transportne
dejavnosti in Zivljenje pa so se dokon¢no preselili
na Breg (sl. 1: b) vzdolz glavne ceste (via publica)
med Akvilejo in Emono. Stevilne najdbe iz struge
vzdolZ naselbine in dolvodno potrjujejo tudi vojaski
pomen obmo¢ja.!!

Na obmoc¢ju odkritja ladje je Ljubljanica $iroka
okoli 25 m, globina vode pa je od 2,5 do 4 m ob
povisanih vodostajih. Struga je delno vrezana v
re¢ne naplavine ter poznopleistocenske in zgodnje-
holocenske jezerske sedimente. Dno je ve¢inoma
prekrito z obseznimi pes¢enimi in muljastimi
sipinami (sl. 4: A,B). Brezino med ribniki pri Sinji
Gorici in Ljubljanico so, da bi preprecili njeno
rudenje, v 20. stoletju veckrat utrdili z lesenimi
piloti in grobim kamnitim zasutjem. Ta zas¢ita se
je v zadnjih desetletjih postopoma rusila.

Terensko delo leta 2009 in 2012

SPA je pod okriljem Centra za preventivno ar-
heologijo ZVKDS maja 2009 izvedla neinvazivno
dokumentiranje odkritih lesenih delov plovila,
socasno pa je tudi preverila razmere po osmih
mesecih od odkritja.!? Ugotovljeno je bilo, da

8 Miillner 1890a; 1890b; 1892b.

9 Veco ladji in okoli$¢inah Gaspari 1998a; 1998b; 2009a.

10 Obgsirneje o raziskavah naselbine, okoli§¢inah in
geostrateskem polozaju Logar 1984; 1985; Horvat, Kocuvan,
Logar 1986; Horvat 1990; 1996; 2009a; Gaspari 2002; Musi¢
in Horvat 2007.

1 Ve¢ o najdbah npr. Horvat 1990; 1996; 2009a; Music,
Horvat 2007; Gaspari, Eri¢ 2002; 2006-2007; 2007; 2008.

12 Eri¢ 2009b; dokumentiranje sta opravila Miran Eri¢
in Rok Kovaci¢, Golden Light Photography.
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SI. 3: Ljubljanica pri Sinji Gorici. Oznacevanje elementov ladje za fotogrametri¢no 3R-modeliranje.
Fig. 3: The Ljubljanica at Sinja Gorica. Marking barge elements for photogrammetric 3D modelling.
(Foto / Photo: R. Kovacic)

so bili zaradi posegov pri urejanju desne brezine
odkriti ostanki ladje izpostavljeni erozijskemu
delovanju vodnega toka in zato mo¢no ogrozeni.

Na pobudo ZVKDS je oktobra 2012 Ministrstvo
za izobraZevanje, znanost, kulturo in §port name-
nilo interventna sredstva za dokumentiranje ladje
in premestitev ostankov v novonastajajoc¢i drzavni
depozitorij za moker les. Naloge raziskovalne sku-
pine Centra za konservatorstvo ZVKDS so obsegale
dokumentiranje plovila, vzpostavitev drzavnega
depozitorija za moker les ter premestitev ostankov
plovila v depozitorij. Skupina je bila sestavljena iz
ve¢ manjsih skupin sodelavcev in svetovalcev, k
izvedbi terenskih del pa je z donacijami pomembno
prispevala lokalna skupnost.!?

V 23 delovnih dneh je 11 ¢lanov terenske sku-
pine s strokovnimi sodelavci opravilo okoli 150
ur potopov za dokumentiranje ladje in 36 ur za
pripravo lesene infrastrukture za depozitorij za
moker les. Ladja brez tovora ali predmetov, ki bi
jih bilo mogoce prepoznati kot ladijski inventar,
je bila ocis¢ena aktivnega recentnega sedimenta

13 Eri¢, Sinkovec 2013.

v dolzini priblizno 4,2 m (sl. 3). Ob vzhodnem
ladijskem boku je bilo mogoce ¢olnici slediti e
priblizno 3 m, vendar ta del zaradi varnosti ni bil
dokumentiran (glej sl. 4; 10).

Ker je ohranjene precej vec¢ ladje, kot je bilo
pricakovano, je bil prvotni nadrt, da se ostanki
premestijo v depozitorij za moker les, spreme-
njen. O¢is¢eni del ladje je bil dokumentiran in po
opravljenih delih zasciten s tanko plastjo mulja,
prekrit z razgradljivimi protipoplavnimi mrezami
iz jute ter obloZen z vrecami s peskom.

Eri¢

2. STRATIGRAFSKA LEGA

Ladja lezi v delu Ljubljanice, kjer se njen tok
takoj za Dolgimi njivami obrne proti vzhodu (sl.
I). Odkriti deli ladje se nadaljujeno v sedimente
desne brezine pod kotom 46° v smeri 292° do 112°
(ZSZ-VJV) na nadmorski vi§ini med 283,90 in
284,60 m (sl. 4). Za razumevanje stratigrafskega
polozaja ladijske razbitine so bili iz desne brezine
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na viSinah od 283,80 do 284,70 m nadmorske
vi§ine odvzeti trije vzorci sedimentov,'* ki ob-
segajo sedimentno zaporedje ob ladji. Vzorci so
bili pobrani s kalupom U oblike dolzine 50 cm s
presekom 10 x 10 cm.

Vzorca 41 in 42 sta bila odvzeta v navpicni legi,
40 pa v vodoravni (sl. 4). Vzorci so bili makro-
skopsko pregledani s terensko lupo ter testirani z
reagenti.!® Pri pregledu so bile ugotovljene §tiri
stratigrafske sekvence.

- V spodnjem delu, torej pod ladjo je bila
ugotovljena plast 4 (vzorca 40 in 41; sl. 4: plast
4; sl. 5: plast 4) zelo drobnozrnate mastne gline
brez pescene in verjetno z relativno malo melja-
ste frakcije ter brez kalcijevega karbonata. To jo
razlikuje od tipicnega jezerskega sedimenta na
Ljubljanskem barju, t. i. jezerske krede. Sklepati
je mogoce, da gre izklju¢no za terigen material,
ki se je usedal v tedanjem jezeru.

- Sledi do 7 ¢cm debela “prehodna plast” 3 (sl.
5: plast 3) med glino (plast 4) in peskom (plast
2), ki je nastala zaradi gravitacijskih obremenitev
na stiku dveh razli¢nih sedimentov. Pesek se je
zaradi utekodinjenja (likvifakcije) vtiskal v glino
in obratno. To so obremenitvene strukture. Tako v
glini opazujemo celo manjse lece peska. Ni mogoce
povsem izkljuditi niti bioturbacijskega nastanka te
plasti, torej moznosti, da so opazovane strukture
vsaj delno posledica aktivnosti nevretencarjev.

4 Vzorci $t. 40 (GK y 446821.849, x 92201.424), 41
(GK y 446820.239, x 92199.93) in 42 (GK y 446823.6056,
X 992199.099). Koordinate so pobrane na spodnjem robu
vzorca (sl. 4).

15 Opis plasti v nadaljevanju poglavja povzet po:
Porocilo o pregledu vzorcev sedimentov, odvzetih ob rimski
tovorni ladji na Vrhniki (oktober 2012) avtorja Tomaza
Verbica iz druzbe Arhej, d. o. 0., ki je pregled in testiranja
opravil donatorsko.

<

SL 4: Sinja Gorica. Lega ladje v strugi Ljubljanice (glej si.
1: d) in mesta odvzetih vzorcev za sedimentolo$ko analizo:
A - tloris; B - presek a-a”; C - bliznji pogled na mesta
vzorcevanja. OSL oznacuje lego vzorca sedimenta iz dna
struge, ki je bil leta 2009 odvzet za datacijo z metodo opti¢ne
stimulirane luminiscence.

Fig. 4: Sinja Gorica. Position of the barge in the Ljubljanica
riverbed (see Fig. 1: d) and of the samples taken for sediment
analysis. A - ground plan; B - cross section a-a”; C — detailed
view of the sampled area. OSL marks the position of the
sample taken from the riverbed in 2009 for dating with the
optical stimulated luminescence method.

- Pesek - plast 2, debela je okoli 26 cm - je
aluvialni sediment, odloZen diskordantno, s stra-
tigrafskim hiatusom na glino. Posamezni manjsi
vkljucki gline v drobno- do srednjezrnatem pesku
so najverjetneje posledica s teko¢o vodo preme-
$¢enih klastov (sl. 5: plast 2).

— Zgornjo plast 1, debelo okoli 80 cm (vzorca 41
in 42; sl. 5: plast 1), sestavlja debelozrnat pesek brez
vidnih sedimentnih struktur z obilico fragmentov
lesa. Pesek je nastal v aluvialnem sedimentnem
okolju, torej kot naplavina. Litoloska pestrost zrn v
pesku pa nakazuje njegov izvor v dolini Podlipscice.

Ladja ob ohranjenem boku ni bila povsem
odkopana zaradi zelo slabe ohranjenosti lesa. Se-
diment, ki prekriva ladjo v neocis¢enih delih proti
brezini (glej sl. 10: sediment 2), ustreza zgornjemu
opisu, medtem ko je bilo mogoce v sedimentu v
notranjem delu ladje tik ob ohranjenem boku (glej
sl. 10: sediment 1) opazovati mo¢no povecano
vsebnost fragmentov lesa in vejevja, ob kopanju
in ¢i$Cenju pa je bil tudi precej bolj kompakten.

Omeniti je treba $e vzorec gline za OSL-datacijo,'¢
ki je bil pobran med dokumentiranjem leta 2009 v
neposredni blizini ladje (sI. 4: OSL). Rezultat datacije
je pokazal starost glinenih plasti dna Ljubljanice
na nadmorski vis$ini 283,20 m med 17.000 + 1.600
in 9.000 * 1.300 BP.!” Visinska razlika okoli 60 cm
med vi$ino vzorca OSL in vzorca 40 (sl. 4) kaze
na verjetno hidrogeolosko erozijsko poglabljanje
dna v zadnjih tisocletjih.

Ladja torej lezi na glineni plasti 4, obdana pa je
s plastmi pe$c¢enih aluvialnih zasipov (plasti 2-1),
katerih izvor je najverjetneje v dolini Podlipscice.

Verbic, Eri¢

3. DOKUMENTIRAN]JE

Fotogrametrija ima v podvodni arheologiji sicer
dolgo zgodovino,'® tudi na vzhodni obali Jadrana,!
vendar so za njene zacetke veljale podobne omeji-
tve kot za fotogrametrijo na suhem. To je bil zelo
zamuden postopek fotografiranja pod vodo, da bi
bile fotografije ¢im bolj poravnane, nato pa je sle-
dilo iskanje koresponden¢nih tock med stereo pari
fotografij v laboratoriju. Zato so bili fotogrametri¢ni

16 OSL = Opti¢no stimulirana luminiscenca; Gaspari,
Eri¢, Odar 2012, 236.

17 Gaspari, Eri¢, Odar 2012, 236.

8 Drap et al. 2013.

19 Eri¢ et al. 2013.
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°£’ 284.70 m
nm. v. / asl

Plasti / Layers:
1.
Srednje- do debelozrnat pesek (0,4-1,0 mm)
brez vidnih sedimentnih tekstur in s frag-
menti lesa /
Medium to coarse-grained sand (0.4-1.0mm)
without sedimentary structures and with
fragments of wood
2.
Drobno- do srednjezrnat pesek (0,1-0,4 mm)
brez vidnih sedimentnih tekstur in s frag-
menti lesa /
Fine to medium-grained sand (0.1-0.4mm)
without sedimentary structure and with
fragments of wood.
3.
Prehodna plast med peskom in glino
kot posledica stati¢nih obremenitev /
Contact layer with load casts
between sand and clay

plast/ layer 1 284.16 4.

Glina brez kalcijevega karbonata /
Clay without calcium carbonate

160

159

47 148 149 150 151 152 153 154 155 156 157 158

plast / layer 4 olo 283.80

SL 5: Ljubljanica pri Sinji Gorici. Stratigrafija plasti ob ladji in pod njo.
Fig. 5: The Ljubljanica at Sinja Gorica. Stratigraphy of layers beside and under the barge (VZ = sample).
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zajemi podatkov pod vodo v preteklosti drazji od
ro¢nega oziroma klasi¢nega dokumentiranja, tako
zaradi obseznega dela pod vodo kot tudi zaradi zelo
zamudnega laboratorijskega dela.

Zaradi potrebnega Casa in stroskov meritve niso
bile nikoli tako goste oziroma $tevilne, da bi lahko
ze na podlagi meritev ustvarili terensko dokumen-
tacijo in risbe predmetov, ki bi nadomestile klasi¢ne
postopke dokumentiranja. Ra¢unalnisko zasnovane
metode dajejo tako goste podatke, da je mogoce
govoriti o globinski ali 3R-sliki, ki je sestavljena
iz gostega oblaka tock, vsaka od teh tock pa ima
vse tri prostorske koordinate. Iz skupin namensko
posnetih slik iz razli¢nih zornih kotov je tako mo-
goce sestaviti bolj ali manj popolne 3R-modele. Pri
fotografiranju odpadejo omejitve pri names$canju
kamer, zato je mogoce snemati iz roke brez dodatne
opreme. Posneti je treba le dovolj veliko mnozico
slik, ki se paroma prekrivajo med seboj za okoli 75
%. Danes pa se Ze uveljavljajo programska orodja,
ki omogocajo sestavljanje 3R-modelov kar iz video
zapisov. Enostavna uporaba v primerjavi s klasicnimi
pristopi k nekaterim postopkom dokumentiranja je
odlika, zaradi katere se tak pristop vse pogosteje
uporablja tudi pri arheolosgkih raziskavah.

Danes je fotogrametri¢ni zajem podatkov pod
vodo ne le natan¢nejs$i in hitrejsi od klasi¢nega
dokumentiranja, ampak zaradi mo¢no skrajsane-
ga Casa, potrebnega za zajem podatkov, hitrejsi,
cenejdi in s tem varnej$i. Ta hip je med vsemi
metodami 3R-dokumentiranja najdis¢ pod vodo
najbolj uporabna fotogrametrija.

Pri dokumentiranju rimske tovorne ladje je bila
prvi¢ v Sloveniji uporabljena metodologija na-
menskega fotogrametri¢nega snemanja za izdelavo
3R-modela.?’ Programsko fotogrametrija temelji na
samodejni veéplastni analizi digitalnih fotografij.
Obsega identifikacijo diskriminativnih slikovnih
znacilnic na posameznih fotografijah, iskanje stabilnih
ujemanj med znacilnicami na razli¢nih posnetkih,
samodejno kalibracijo sistema fotografij, izdelavo
gostega oblaka 3R-tock, ki najbolje opisuje vso
informacijo, razpolozljivo na vhodnih slikah, ter
izdelavo regularne teksturirane trikotniske mreze.

S fotogrametrijo pridobljeni 3R-modeli (sl. 6)
so se izkazali za zelo natancne, reprezentativne
ter analiti¢no uporabne. Za ro¢no dokumentiranje

20 Namenska snemanja je opravil Rok Kovaci¢ (Golden
Light Photography), 3R-model pa je izdelal Gregor
Berginc (Xlab Research, 3dimenzija) s pomoc¢jo domacega
programskega orodja MementifyOPHOV (http://mementify.
com, http://phov.eu).

okoli 8 m? velike povrsine plovila bi po oceni po-
trebovali najmanj 25 potapljaskih ur. Za namenska
fotografiranja ladje v 4 razli¢nih stanjih raziskav
pa so bile potrebne le 3 potapljaske ure. Iz sku-
pin fotografij so bili sestavljeni trije 3R-modeli,
primerjalna analiza med dvema (sl. 7), ki so jo
opravili sodelavci Laboratorija za ra¢unalniski vid
Fakultete za ra¢unalni$tvo in informatiko Univerze
v Ljubljani, pa potrjuje izjemno natan¢no doku-
mentiranje. Sicer je o natan¢nosti mogoce sklepati
tudi iz posredno, med pripravo slikovne dokumen-
tacije dobljenih dokazov. Za potrebe preverjanja
procesov dokumentiranja so bile opravljene tudi
meritve z geodetskim instrumentom.

Dobljeni podatki so, ob atraktivnih moznostih
ogleda virtualnega 3R-modela, Sir§e uporabni.
V nasprotju z 2R-fotografijo, ki nespremenljivo
doloc¢a smer in kot pogleda, ter interpretirano 2R
tlorisno dokumentacijo omogoca 3R-model simu-
liran virtualen pogled v dokumentirane povrsine
ali predmete, ki jih je mogoce zelo natan¢no prou-
evati.?! Pomembneje je, da so zaradi morfologkih
znacilnosti 3R-oblakov prostorsko umeséenih tock,
ki so absolutni posnetek trenutnega stanja, povsem
odprte moznosti nadaljnjih analiz 3R-modela. To
je Se zlasti pomembno zato, ker je proucevanje
arheoloskega najdi$¢a omejeno na Cas terenskih
raziskav, kasneje pa je zavarovano in situ in tezko
dostopno, najpogosteje pa uniceno. Sistemati¢no
in nacrtno je mogoce proucevati, segmentirati
ali klasificirati izbrane povrsine na 3R-modelu.
Z avtomatiziranim iskanjem in analiziranjem
povrsin je mogoce na modelu poiskati znacilne
elemente, ki bi sicer lahko bili zaradi omejenega
¢asa v naravnem okolju spregledani. Pomembna
pa je tudi verjetna arhivska trajnost digitalnega
arheoloskega dokumentarnega gradiva kot podlaga
za proucevanje, interpretacijo in promocijo.

Solina, Eri¢

4. DATACIJA, VRSTE LESA
IN OHRANJENOST

Radiometri¢na datacija
Ob odkritju ladje je bil odvzet vzorec lesa iz
talne platice (BP 2; sl. 8: AMS) za radiometri¢no

datiranje z metodo AMS '*C.2? Prva datacija, ki

21 Eri¢ et al. 2013; Stopinsek et al. 2013.
22 Eri¢, Gaspari 2009; Gaspari, Eri¢ 2012.
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je pokazala starost 2040 + 40 BP (Beta - 249390),
je bila opravljena v laboratoriju Beta Analytic
Inc. v Miamiju. Druga, ponovljena datacija lesa
iz istega vzorca je bila opravljena v laboratoriju
Radiocarbon Accelerator Unit Univerze v Oxfordu
in je pokazala starost 2143 + 26 BP (OxA - 19598).

b+c=d

SI. 7: Ladja iz Sinje Gorice. Primerjava dveh razli¢nih
fotogrametri¢nih rekonstrukcij. Seti fotografij za 3R-modela
so bili posneti 13. in 15. oktobra 2012. a - Popolno prekri-
vanje morfologije dveh modelov (zeleno); zanemarljiva
odstopanja (oranzni odtenki) so morda lahko povezana
tudi s premiki konstrukcije. b, ¢, d - Zelo dobro prekrivanje
modelov (zeleno).

Fig. 7: Barge from Sinja Gorica. Comparison of two pho-
togrammetric reconstructions. Sets of photographs for
the 3D model were taken on 13 and 15 October 2012.
a — Complete correspondence of the morphology of both
models (green); negligible deviations possibly related to
the movement of the barge construction (orange hues).
b, ¢, d - Very good correspondence of both models (green).
(Primerjalna analiza / Comparative analysis: M. Pugelj;
foto / photo: R. Kovaci¢; 3R- / 3D model: G. Berginc;
procesirano z / processed with MementifyoPHOV)

«—
SL. 6: Ladja iz Ljubljanice pri Sinji Gorici. 3R-model: a - v
preseku, pogled proti jugovzhodu; b - v perspektivnem
tlorisu, usmerjeno proti severu.

Fig. 6: Barge from Sinja Gorica. 3D model: a - cross section,
view towards the south-east; b — perspective ground plan,
towards the northward orientation.

(3R- / 3D model: G. Berging; foto / photo: R. Kovacic)

Rezultata, kalibrirana s programom Intcal 04,2 sta
pokazala starost 50 pr. n. §t.-20 n. §t. (1o0) oz. 110
pr. n. §t.-60 n. $t. (20) (Beta) in 211-91 pr. n. $t.
(10) oz. 206-157 pr. n. §t. (20) (OxA).

Identifikacija lesa
in dendrokronolosko datiranje

Med raziskavo leta 2012 je bilo odvzetih 17
vzorcev lesa iz talnih (BP) in bo¢nih platic (SP),
¢olnic (CQ), talnih (FT) in bo¢nih tramicev (ST)
ter tesnil (sl. 8). Zaradi ohranjanja lesenih delov
so bili odvzeti vzorci manjsih velikosti - vecino-
ma bloki, veliki nekaj kubi¢nih centimetrov - za
identifikacijo lesa in osnovne analize.

Za dolocanje lesnih vrst so bili z vodo prepojeni
vzorci globoko zamrznjeni. S skalpelom so bile
odrezane 3 po 20 pm debele rezine pre¢nega, ra-
dialnega in tangencialnega prereza lesa. Polozene
so bile na objektno steklo, potopljene v glicerin
in pokrite s krovnim steklom. Tako pripravljeni
preparati so bili pregledani pod svetlobnim mikro-
skopom Nikon Eclipse E800. Identifikacija lesa je
bila opravljena s pomocjo kljucev za identifikacijo
lesa evropskih iglavcev in listavcev.?*

Identifikacija lesa je pokazala, da so bile talne
platice (BP 1-BP 5), bo¢na platica (SP1) in ¢olnici
(CG 11in CG 2) iz bukovega lesa (Fagus sylvatica),
ki ima najvedji volumski delez lesa v ladji (sl 8).
Samo manjsi elementi so bili narejeni iz drugih
vrst lesa. Talna tramica sta iz lesa jesena (Fraxinus
excelsior) in bresta (Ulmus sp.), bo¢na tramica pa
iz jelke (Abies alba) in jelSe (Alnus glutionosa).

Od 14 vzorcev? sta bila le dva dovolj velika in
primerna za dendrokronolosko analizo. To sta bila
vzorca 23 iz talne platice BP 2 in 34 iz bo¢ne platice
SP 1 (sl. 8). Les za dendrokronolosko raziskavo je
bil globoko zamrznjen, pre¢ne povrsine lesa pa
so bile zglajene s skalpelom. Sirine branik so bile
izmerjene s pomocjo premicne mizice LINTAB,
stereo mikroskopa Olympus in programa TSAP-Win.

Platica BP 2 je imela 83 branik, SP 1 pa samo
40. Zaporedja $irin branik so bila v odvisnosti od
¢asa vizualno sinhronizirana, sestavljena je bila
kronologija plovila in primerjana z referenénimi

23 Reimer et al. 2009.

s Schweingruber 1990; Schoch, Schweingruber, Kienast
2004.

%5 Vzorci 19, 26 in 28 so bili iz istih konstrukecijskih
elementov.
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Vzorci lesa
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\:| Fagus sylvatica . Alnus glutinosa . Abies alba

o Vzorcitesnila
Caulking samples

Vzorec za datacijo AMS leta 2008
AMS dating sample taken in 2008

I:' Ulmus sp. I:' Fraxinus sp.

SlI. 8: Ladja iz Sinje Gorice. Oznake odkritih lesenih konstrukcijskih elementov: CG - ¢olnici, BP - talne platice, SP
- boc¢na platica, FT - talna tramica, ST - boc¢na tramica. Mesta odvzetih vzorcev lesa, vzorcev tesnila in vzorca za
radiometri¢no datacijo AMS (barvne tocke). Vzorca za dendrokronologijo sta bila odvzeta iz talne platice BP 2 (vzorec

23) in boc¢ne platice SP 1 (vzorec 34).

Fig. 8: Barge from Sinja Gorica. Construction elements: CG - chine-girders, BP - bottom planks, SP - side planks, FT
- floor-timbers, ST - side timbers. Positions of the wood and caulking samples, for AMS dating (coloured dots) and
dendrochronological analyses, the latter samples taken from Bottom Plank 2 (Sample 23) and Side Plank 1 (Sample 34).

(Glej / see Cufar, Merela, Eri¢ 2014)

kronologijami Oddelka za lesarstvo.?® Datiranje z
ve¢ referen¢nimi kronologijami objektov iz rimske
dobe v Ljubljani (najdi$¢e Tribuna) in na Vrhniki
(najdisci Dolge njive in Breg), je bilo uspesno, ter
je pokazalo leto 3 n. $t. kot leto nastanka zunanje
branike. Najbolj$e ujemanje je bilo dobljeno pri
datiranju z bukovo kronologijo branik z najdisca
Tribuna TRIFA904, ki ima casovni razpon od
leta 176 pr. n. $t. do leta 2 n. §t. Datiranje je bilo
potrjeno z naslednjimi statisti¢nimi parametri:
t- vrednost po Baillie-Pilcherju TVBP = 6,0, ko-

26 Cufar 2010.

eficient skladnosti (Gleichldufigkeit) GLK = 67 ***
in prekrivanje OVL = 83 let. Vrednosti kazalnikov
datiranja so visoke in statisti¢cno znacilne, kar je
mogoce pripisati dejstvu, da kronologija TRIFA904
temelji na vzorcih lesa bukve, ki najverjetneje
izvirajo iz gozdov v okolici Vrhnike.

Branika z datumom leto 3 n. §t. je na zunanjem
delu platice BP 2, vendar na podlagi te datacije e
ni mogoce dolo¢iti natanc¢nega leta izdelave lad-
je.?” Ce je bila datirana branika tik pod skorjo, bi
ugotovljeno leto 3 pomenilo zadnje leto zivljenja

27 Haneca, Cufar, Beeckman 2009.
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drevesa, ki so ga posekali za nadaljnjo uporabo.
V tem primeru bi bila ladja najverjetneje narejena
leta 3 ali 4. Po videzu vzorca iz talne platice zal
ni mogoce potrditi, ali je datirana branika bila v
drevesu tik pod skorjo oz. koliko branik je bilo
pri obdelavi lesa odstranjenih. Datum 3 n. §t. je
zato treba obravnavati kot terminus post quem,
torej leto, po katerem je bilo drevo za izdelavo
plovila posekano. Na podlagi rezultatov je mogoce
sklepati, da je bila ladja najverjetneje izdelana v
desetletju po letu 3 n. $t.

Dendrokronoloska analiza in izbor lesnih vrst
nakazujeta, da je bil za izdelavo ladje uporabljen
les iz bliznje okolice. Les bukve, jelke in bresta
je uspeval v gozdovih dinarskega Krasa v zaledju
Vrhnike oz. na juznem robu Ljubljanskega barja.
Nasprotno sta jel$a in jesen, tako kot danes, uspe-
vala predvsem na poplavni ravnici Ljubljanskega
barja in na bregovih Ljubljanice.

Les bukve (Fagus sylvatica) ima med domacimi
lesnimi vrstami precej visoko gostoto (srednja
gostota absolutno suhega lesa r, je 680 kg/m?)
in dobre mehanske lastnosti. To pomeni, da je
les trden in trd, vendar ima nizko trajnost, saj ga
zelo obcutljiv).?®

Bukovina ni tipi¢na vrsta lesa za izdelavo plovil,
Ceprav je bila obcasno uporabljena predvsem za
manjse sestavne dele. Plovila, v celoti narejena iz
bukovine, pa so izjemno redka.?” Uporabo bukovine
ovira predvsem nizka odpornost lesa, ¢eprav je z
vodo napojen les praviloma varen pred okuzbo
z insekti in glivami.’® Po gostoti in mehanskih
lastnostih je bukovina primerljiva s hrastovino,
glavna razlika med vrstama pa je v tem, da ima
hrastovina odporno jedrovino (razred odpornosti
2 - odporen).*! Glavni vrsti hrasta pri nas, graden
in dob (Quercus petraea in Quercus robur), imata
srednjo gostoto r, 650 kg/m?.*2 Druge uporabljene
lesne vrste imajo naslednje lastnosti: jesen - gostota
650 kg/m?, razred odpornosti 5); brest - gostota
640 kg/m?, razred odpornosti 4; jelsa (Alnus glu-
tinosa) - gostota 510 kg/m?3, razred odpornosti 5;
in jelka (Abies alba) - gostota 410 kg/m?, razred
odpornosti 4.33

28 Lesar, Humar, Oven 2008; Cufar et al. 2012.

29 Radié¢ Rossi, Boetto 2011.

30 Cufar et al. 2012.

31 Humar et al. 2008.

32 Merela, Cufar 2013.

33 Grosser, Teetz 1987; Lesar, Humar, Oven 2008.

Od nastetih vrst je jelka edini iglavec. Les jelke
in jelSe ima niZjo gostoto in je manj trden in trd
od lesa jesena, bresta in bukve.

Na podlagi zgoraj navedenega je mogoce skle-
pati, da je bila bukovina najverjetneje izbrana za
gradnjo plovila predvsem zaradi razpolozljivosti.
Prav tako je mogoce sklepati, da je bilo v rimskem
¢asu, podobno kot danes, povprasevanje po hra-
stovini veliko in je presegalo ponudbo. Koli¢ine
hrastovine so bile omejene zaradi majhnega deleza
hrasta v bliznjih gozdovih. Hrastovino so zaradi
njene trajne jedrovine potrebovali za §tevilne
namene, Se posebej za zunanje konstrukcije in
za plovila.** V primeru plovila iz Ljubljanice so
posegli po dostopni bukovini, kar je omogo¢ilo
izdelavo tezkega in robustnega plovila, primernega
tudi za prevaZanje tezjega tovora.

Ohranjenost lesa

Ohranjenost oz. degradacija lesa je bila ocenjena
z opazovanjem pod mikroskopom in z doloci-
tvijo napojitvene vlaznosti lesa (u,,, ), ki temelji
na masi vode, prera¢unani na maso popolnoma
suhega lesa.’®

Napojitvena vlaznost lesa (u,,, ) iz ladje je bila
690 % , kar pomeni zelo slabo ohranjen les (sl. 9).
To potrjujejo tudi smernice angleske komisije za
dedisc¢ino (English Heritage) o ravnanju z mokrim
lesom, ki pravijo, da je les Ze zelo razkrojen pri
vrednostih u, _nad 150 %.7® Za primerjavo je do-
bro vedeti, daje u, , normalne bukovine priblizno
110 %,bukovina s koli$¢ na Ljubljanskem barju, stara
okoli 4500 let, je imela u, ,_okoli 800 %,*” bukov
les nekaterih konstrukcijskih elementov rimskih
ladij, odkritih v blizini Neaplja, pa okoli 450 %.8

Celi¢ne stene vlaken v ladijskem lesu so priblizno
petkrat tanj$e kot v normalnem lesu, kar je posle-
dica dolgotrajnega delovanja erozivnih bakterij.*
Mikroskopske preiskave so pokazale tudi, da je
delez celuloze v celi¢nih stenah zmanjsan, delez
lignina pa povecan.

Slabo ohranjenost lesa bo treba upostevati pri
pripravi konservatorskega nacrta. Najvec¢ja nevar-

34 Glej Gaspari 1998a.
5 Cufar et al. 2008; Cufar, Merela, Eri¢ 2014.
36 Brunning, Watson 2010.
37 Cufar, Tisler, Gorisek 2002.
38 Capretti et al. 2008.
39 Bjordal Gjelstrup 2012; Singh 2012.
40 Cufar, Merela, Eri¢ 2014.
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SI. 9: Ladja iz Sinje Gorice. Pre¢ni prerez lesa bukve (Fagus sylvatica) iz ladje (a, b) in recentnega lesa (c). Celi¢ne stene
vlaken (VL) so v lesu ladje tanjs$e kot v normalnem lesu, vlakna in traheje (T) pa so delno kolabirana.

Fig. 9: Barge from Sinja Gorica. Cross sections of the beech (Fagus sylvatica) wood of the vessel (a, b) and of recent
wood (c). Cellular walls of wood fibres (VL) from the barge are thinner than in normal wood, fibres and trachea (T)
are partially collapsed.
(Foto / Photo: M. Merela)

nost bi bila izpostavitev lesa su$enju na zraku. V
tem primeru bi, tudi ob kratkotrajnem su$enju,
hitro nastale razpoke, les bi se kr¢il, s tem bi se
popolnoma izgubila oblika in mo¢no deformirala
ladijska konstrukcija. Delno osusen les bi dozivel
$e bioloski razkroj, kar bi v kratkem ¢asu vodilo
do popolnega unicenja ladje. Za ohranitev ladje
bi sicer prisli v postev tudi postopki konserviranja
z enim od splo$no uporabljanih konsolidacijskih
sredstev,*! vendar kljub napredku v razvoju kon-
serviranja mokrega lesa $e vedno niso odkrili
metodologije za dolgotrajnejSo zascito tovrstne
dedis¢ine,*? postopki pa so tudi zamudni in dragi.
Tako se, ob upostevanju razmerij med pomenom,
zanesljivostjo postopkov in ceno, kot sprejemljiva
ponuja zascita in situ.

Cufar, Eri¢

41V uporabi so predvsem konservatorski postopki
prepajanja s polietilenglikolom, melaminom ali saharozo.
42 Glej Christensen, Kutzke, Hansen. 2012; Gregory,
Jensen, Streetkvern 2012; Hocker, Almkvist, Sahlstedt 2012.

5. LADIJSKA ZGRADBA

Zaradi omejitev je bila ladja dokumentirana v
dolzini 4,2 m. Izpostavljeni del ladje, ki sega izpod
pescenega sedimenta v strugo, je bil ob odkritju
odlomljen, v treh letih od zadnjega ogleda pa je
vodni tok ladjo dodatno poskodoval in odlomil
dele dveh talnih platic (BP 2 in BP 3). V delu, kjer
je ladja poskodovana, je Siroka 2,47 m, v delu, ki
izginja pod sediment, pa 2,88 m (sl. 10).

Konstrukcijski elementi

Na odkritih delih plovila so bili dokumentirani
dve ¢olnici, pet talnih platic, ena bo¢na platica, dva
vezna talna tramica in dva bo¢na tramica (sl. 10).

Colnici

CG 1: Colnica iz bukovine je bila zaradi lege
ladje v brezini ter zaradi turbulentnih in erozijskih
delovanj bolj izpostavljena propadanju. Doku-
mentirana ohranjena dolzina je 3,3 m, na v strugo
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izpostavljenem delu je $iroka 31 cm, v delu, ki gre
v sedimente, pa 37 cm in se raz§iri za faktor 1,19.
Zaradi poskodb in zgolj manj ohranjenega dela v
prehodu iz dna v bok visine ni bilo mogoce izme-
riti. Debelina v stiku s talno platico BP 1 je 5 cm,
v kolenu pa 8 cm. Debelina v kotu 45° v kolenu je
10 cm. Colnici je bilo zaradi okolis¢in vstopanja
pod sedimente v brezini mogoce po robu slediti
$e nekaj manj kot 3 m, torej v skupni dolzini okoli
6,3 m. Les ¢olnice je v $irini okoli 5 do 6 cm ob
stiku z BP 1 svetleje obarvan kot preostali del (sl.
6: a, levo; sl. 10: C).

CG 2: Bolje ohranjena dokumentirana ¢olnica iz
bukovine je dolga 4,15 m, Siroka 32 cm v odlomlje-
nem delu in 38 cm pri sedimentih (faktor 1,18) ter
visoka 34 cm. V stiku s talno platico BP 5 je debela
5 cm, v prehodu iz dna v bok 9 cm in 6 cm v stiku z
bo¢no platico SP 1. Kot prehoda iz dna ladje v bok
je med 92° in 94°. Za krivuljo bo¢nega dela ¢olnice
CG 2 in bo¢ne platice SP 1, ki jo je bilo mogoce
zaznati na 3R-modelu in ima 37 m premera (glej
sl. 25: a), za zdaj ni mogoce povsem z gotovostjo
trditi, da je bilo to delo ladijskih tesarjev ali pa gre
morda samo za abrazirane dele kot posledice re¢ne
erozije. Razdalja, na kateri je bila krivulja zaznana,
je vendarle zelo kratka, rezultat pa tako ni povsem
gotov (sl. 6: a, desno; sl. 10: B).

Bo¢na in talne platice

V delu, ki je izpostavljen v re¢ni tok Ljubljanice,
so, tako kot tudi ¢olnici, vse talne platice polomlje-
ne. Na nobeni od teh ni bilo opaziti obdelav, ki bi
lahko kazale na morebitne stike z drugimi talnimi
platicami ali dodatno notranjo konstrukcijo, razen
dveh talnih tramicev. Prav tako vse odkrite (bo¢na
in talne) platice izginjajo pod sediment v brezini
(sl. 6: a, desno; sl. 10: A,B). Vse platice se spajajo
z ravnimi stiki.

SP 1: Na ladji je bila raziskana samo ena bo¢na
platica iz bukovega lesa v dolzini 2,5 m, ki je na
stiku s colnico CG 2 debela 6 cm. Platica je mo¢no
abrazirana in unicena v izpostavljenem delu. Proti
delu, ki izginja v sedimente, se postopoma $iri in
je visoka 30 cm.

BP 1: Talna platica iz bukovega lesa je pri talnem
trami¢u FT 1 odlomljena in $iroka 50 cm, v delu,
ki gre pod sediment, pa 54 cm, dolga je 2,5 m,
debela pamed 5 in 5,5 cm. Na obeh straneh platice
(na stiku z CG 1 in BP 2) je les svetleje obarvan
v §irini od 5 do 12 cm.

BP 2: Ob odkritju ladje leta 2008 je bila talna
platica iz bukovega lesa ohranjena v dolzini oko-
li 3 m, v zadnjih letih pa je odplavilo priblizno
40 cm platice (enako velja tudi za platico BP 3).
Ob dokumentiranju oktobra 2012 je bila izmerjena
dolzina 2,55 m, $irina v odlomljenem delu 36 cm
in pri sedimentih 37 cm, debelina 5 cm. Tudi les
te platice je bil v manjsem delu ob talnem tramicu
(FT 1) temneje obarvan. Iz te platice so bili odvzeti
vzorci za radiometricne (sl. 8: AMS) z rezultatom 50
pr. n. §t. do 20 n. §t. in dendrokronolosko datacijo
(sl. 8: vzorec st. 23), ki je pokazala na leto 3 n. st.

BP 3: Ohranjena dolzina platice iz bukovega
lesa je 2,40 m (ob odkritju okoli 2,80 m), $irina v
ozjem delu je 35 cm, v $irS§em pa 38 cm, debelina
5 cm. Les te platice je v osrednjem delu temneje
obarvan v §irini okoli 10 cm.

BP 4: Ta bukova platica je od vseh najozja, in
sicer 16 cm v izpostavljenem delu in 25 cm pri
sedimentih. Dokumentirana ohranjena dolzina
platice je 2,75 m, debelina pa okoli 5 cm. Les
platice ni temneje obarvan.

BP 5: Najdaljsa raziskana platica iz bukovega lesa
je dolga 2,85 m, Siroka od 39 do 41 cm, debelina
5 cm. Les ni temneje obarvan.

Vse talne platice se rahlo $irijo od poskodova-
nega dela proti sedimentu za faktor priblizno 1,06,
izrazito pa je obtesana platica BP 4, ki se razsiri
kar za faktor 1,56.

Talna tramica

Na ladji sta bila od notranje konstrukcijske opre-
me - kolena, rebra in talni tramici - opazena samo
dva talna tramica (sl 8 10; 11) na razdalji 1,8 m.

Prvi (FT 1) je narejen iz tanjSega jesenovega
debla premera od 6,5 do 7,2 cm, dolzine 2,6 m,
drugi (FT 2) pa iz brestovega debla premera 6,5
do 8 cm, dolZine 2,77 m. Oba sta vzdolzno raz-
polovljena ter ob straneh rahlo obtesana, tako da
je njuna debelina od 3 do 4 cm. V konstrukcijsko
$koljko iz ¢olnic in talnih platic sta bila vpeta tako,
da sta z ravno povrsino “legla” v pre¢no iztesan
utor, globok do 2,5 cm, v talne platice in ¢olnici.
Za vpenjanje talnih tramicev (oba tramica sta
bila tesarsko enako names$éena) sta bili v ¢olnici
izdolbeni pravokotni luknji, ki sta jih prebili na
zunanjo stran. Talni trami¢ je bil v prehodu skozi
¢olnico $esterokotno obtesan, z zunanje strani pa
so bili na $tirih stranicah zabiti leseni klini (sl. 12:
b), namenjeni ¢vrstemu stiku in tesnjenju med
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SI. 11: Ladja iz Sinje Gorice. Talna tramica: a - FT 1, pogled proti jugovzhodu; b - FT 2, pogled proti zahodu.
Fig. 11: Barge from Sinja Gorica. Floor-timbers: a — FT 1, view towards the south-east. b - FT 2, view towards the west.
(Foto / Photo: R. Kovacic)

SL 12: Ladja iz Sinje Gorice. Vpenjanje talnega tramica v
ladijsko konstrukcijo. a — Preboj talnega tramica (FT 1)
skozi ¢olnico (CG 2) iz notranje strani z opazenimi tesnili
iz rastlinskih vlaken (puscice). b — Preboj talnega tramica
(FT 1) skozi ¢olnico (CG 1) z zunanje strani in tehnika
spajanja s pomocjo klinov z zunanje strani (puscice).

Fig. 12: Barge from Sinja Gorica. Inserting the floor-timber
into the barge’s construction. a — Floor-timber 1 inserted
through Chine-girder 2 from the interior, with caulking of
plant fibres (arrows). b — Floor-timber 1 inserted through
Chine-girder 1 from the exterior and kept in place with
wedges from the exterior (arrows).

(Foto / Photo: R. Kovacic)

«—
SI. 10: Nacrt ladje iz Sinje Gorice. A - tloris; B — vzdolzni presek iz notranje strani; C — vzdolzni presek iz zunanje strani;
D, E - pre¢na preseka. Deli ladje: talna platica (BP), talni trami¢ (FT), ¢olnica (CG), bo¢na platica (SP), bo¢ni trami¢
(ST) in neposredno z ladjo povezani elementi (spojke: oranzno; Zeblji: zeleno) ter dve des¢ici.

Fig. 10: Construction plan of the barge from Sinja Gorica. A - ground plan; B - longitudinal cross section, from the
interior; C - longitudinal cross section, from the exterior; D, E - transverse cross sections. Construction elements of the
barge: bottom plank (BP), floor-timber (FT), chine-girder (CG), side planks (SP), side timber (ST), elements of plank
fastening (clamps: orange; nails: green) and two boards.
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elementi. Talni tramic¢ je bil v prehodu skozi ¢olnico
tudi zatesnjen z rastlinskim tesnilom (sl. 12: a).

Bocna tramica

Dokumentirana delno ohranjena bo¢na tramica
ST 1in ST 2 sta names¢ena ob ohranjenem boku
(sl. 13). Prvi (ST 1) je debel priblizno 8,5 x 7 cm,
ohranjena vi$ina je 31 cm, drugi (ST 2) je debel
priblizno 9 x 7 cm z ohranjeno dolzino do 45
cm. Oba tramica sta v prehodu ¢olnice iz dna v
bok polkrozno obtesana, da se prilegata krivulji
prehoda (glej t. 4: 1, spodnji del preseka). Trami¢
ST 1 je na visini priblizno 11 cm z zebljem pritrjen
na boc¢ni del ¢olnice (sl. 13: desna puscica), tramié
ST 2, ki ga zal ni bilo mogoce ohraniti in situ, pa
ima na visini okoli 39 cm od dna v lesu ohranjen
odlomljen zebelj (sl. 13: leva puséica; t. 4: 2), ki je
najverjetneje spajal tramic¢ z bo¢no platico (glej sl.
13: a; t. 4: a). Tatrami¢ je v spodnjem delu, kjer bi
lahko, primerjalno z Zebljem v bo¢nem tramicu
ST 1, pricakovali zebelj za pritrjevanje na ¢olnico,
na polovico odsekan v dolzini priblizno 26 cm.

SL 13: Ladja iz Sinje Gorice. Bo¢na tramica (ST 1 in ST 2) z
dokumentiranima zebljema ter domnevno zabitim zebljem
(a), ki je spajal ¢olnico (CG 2) z bo¢nim tramicem (ST 2)
(glej t. 4).

Fig. 13: Barge from Sinja Gorica. Side Timbers 1 and 2 with
documented nails and a nail (a) presumably fastening Chine-
girder 2 to Side Timber 2 (see PL 4).

(Foto / Photo: R. Kovacic)

Tesnjenje in spajanje

Vsi stiki med platicami, ¢olnicama in talnima
tramicema so zatesnjeni s pletenico iz vegetativnih
delov (stebla in listi) trav*® (Poaceae; sl. 8: vzorec
25; sl. 14: a,b) in tesnilom iz bukovega lesa (sl. 8:
vzorec 21; sl. 14: ¢,d,e). Sirina stikov med platicami
je v povprecju 1,2 do 1,5 cm z najozjim delom 0,6
platico BP 1 in BP 2 (sl. 14: e; glej sl. 8), kjer je
stik po vsej dolzini $irok v povprecju 2,8 cm (od
2,5 do 3,2 cm).

Talne in bo¢ne platice so bile spete z zZelezni-
mi spojkami. Narejene so bile iz zeleznega traku
dolzin od 3,9 do 10,3 cm, $irine od 1,2 do 2,3 cm
in debeline 0,2 cm. Oba upognjena konca vsake
spojke sta visoka od 0,8 do 2,8 cm (tab. I).

Na raziskovanem delu ladje je bilo dokumentira-
nih 53 pritrjenih spojk (sl. 15; seznam 1), sledi na
treh mestih pa kazejo na prisotnost spojk (sl. 15:
g,h [st. 52-54]). V bliznji okolici ladje je bilo ze
leta 2008 delno pobranih 15 prostolezecih spojk v
KV 36 in KV 37 (sl. 4; t. 1), ob raziskavi leta 2012
pa Se 37 (sl. 16; t. 2; 3), skupaj torej 105 spojk.

Iz tako razli¢nih mer je mogoce sklepati, da so
tesarji pri gradnji ladje sproti izdelovali spojke. To
je mogoce sklepati tudi iz dejstva, da upognjeni
stranici spojke nista bili oblikovani v konico, temvec
so ostale polkrozne ali pravokotne, kakor so bile
odrezane oz. prescipnjene spojke (. 2: 5,12,18).

Spojke sestavne dele ladje spajajo na priblizni
razdalji 32 cm (od 17 do 47 cm), platice pa so spajane
tako z notranje strani ladje kakor tudi z zunanje.
O tem pri¢ajo dokumentirane spojke (sl. 15: a,b
[8t. 41, 55, 56]). Kakor kaze, so bile razporejene
na podobnih razdaljah kot tiste v notranjosti. To
je mogoce sklepati iz razdalje med spojkama 55
in 56 (sl. 15). Pri vedini zabitih spojk je bil opazen
utor, ki je bil iztesan pred zabijanjem (sl 18). Na
podlagi teh utorov je bilo mogoce dokumentirati
tudi manjkajoce spojke (sl. 15: g,h [§t. 52-54]).

Pri dokumentiranju je bila opazena tudi zanimiva
podrobnost, ki morda, skupaj s spojkami precej
razli¢nih velikosti, kaze na hitrost in morebitno
povrsnost pri gradnji plovila. Spojka 25 je bila
zabita samo v ¢olnico CG 1 (sl. 15: e), medtem ko
se je spojka 51 med zabijanjem odlomila (sl. 15: c).

43 Za sporoclene podatke, podrobnej$e analize vzorcev
so sicer $e v teku, se zahvaljujemo Tjasi Tolar z Instituta
za arheologijo ZRC SAZU in Jerneju Joganu s Katedre
za botaniko in fiziologijo rastlin Oddelka za biologijo
Biotehnigke fakultete Univerze v Ljubljani.
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Sl. 14: Ladja iz Sinje Gorice. Dokumentirane sledi tesnil med platicami, ¢olnicami in talnimi tramic¢i. Mesto odvzema
vzorca tesnila §t. 25 (a). Nekaj znacilnih pogledov (a-e) na tesnila.

Fig. 14: Barge from Sinja Gorica. Documented traces of caulking between planks, chine-girders and floor-timbers. Posi-
tion of Sample 25 (a). Some typical views (a-e) of the caulking.

(Foto / Photo: R. Kovacic)

Tab. 1: Skupne mere spojk in Zebljev s povpredji (glej t. 1-4).
Tab. 1: Size of clamps and nails (see Pls. 1-4).

SPOJKE / CLAMPS
Razpon Razpon Razpon Razpon
Povpredje vrednosti Povpredje vrednosti Povprecje vrednosti Povpredje vrednosti
Skupno it. Average Range Average Range Average Range Average Range
Total No. Dolz. Sir. Deb. Vis.
L, >=/<= W. >=/<= Th. >=/<= H. >=/<=
105 6,67 >3.9/<10.3 1,59 >1.2/<2.3 0,199 >0.15/<0.2 1,94 >0.8/<2.8
ZEBLJI/ NAILS
sz Razpon v Razpon v Razpon
X * *
Povprej i vrednosti Povprecj i vrednosti Povprecj i vrednosti
Average Average Average
Skupno t. Range Range Range
" . .
Total No. Dolz. Deb. Pr. glave P OY}})lreqa na podlagi
L, >=/<= Th. >=/<= Head diam. >=/<= znanih mer /
Based on known
22 9,98 >8.1/<12.5 0,62 >0.5/<0.8 1,66 >1.5/<1.9

measurements
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S 16: Ladja iz Sinje Gorice. Tloris s prosto leze¢imi spojkami (glej ¢. 2, 3).
Fig. 16: Barge from Sinja Gorica. Ground plan of the scattered clamps (see Pls. 2, 3).
(Foto / Photo: R. Kovacic)

PN 33

L 10 cm |

SI. 17: Ladja iz Sinje Gorice. Poenostavljen presek ¢olnice (CG 1) in platice (BP 1) z lego spojk (glej sl. 15) in Zebljev.
Fig. 17: Barge from Sinja Gorica. Simplified cross section of Chine-girder 1 and Bottom Plank BP 1 with marked posi-

tions of clamps (see Fig. 15) and nails.

«—
SL 15: Ladja iz Sinje Gorice. Tloris z oznacenimi mesti

posnetkov (a-h) in vzdolzni presek z notranje strani z
zabitimi spojkami (i).

Fig. 15: Barge from Sinja Gorica. Ground plan and longi-
tudinal cross section from the interior with marked positions
of the detailed photographs (a-h) and positions of the clamps
in the wooden elements (i).

(Foto / Photo: R. Kovacic)

Za spajanje talnega tramica na ¢olnici in tal-
ne platice so bili uporabljeni zelezni zeblji (t. 3;
seznam 1).

Med pregledi leta 2008 sta bila v KV 37 najdena
dva Zeblja (t. I: 16,17), oktobra 2012 pa $e dva pro-
stolezeca (sl. 19: a,b [PN 4, 6]; t. 3: 17,18). Dolzina
prostolezecih zebljev je 0d 8,1 do 12,5 cm, z debelino
trna od 0,5 do 0,8 cm ter premerom glave od 1,5
do 1,8 cm (tab. 1). Zeblji so bili zabiti posevno pod
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Sl. 18: Ladja iz Sinje Gorice. Poenostavljen presek utorov in nekaj izbranih spojk z utori.
Fig. 18: Barge from Sinja Gorica. Simplified cross section of a joint with a clamp in its groove and detailed photographs

of several clamps.
(Foto / Photo: R. Kovacic)
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SI. 19: Ladja iz Sinje Gorice. Zelezni zeblji (glej t. 3). a — Zebelj PN 6 je lezal v stiku z ladjo. b - Zebelj PN 4 je bil s konico
zataknjen v bo¢no platico (SP 1), dokumentiran pa je bil ob zacetku ¢is¢enja ladje.

Fig. 19: Barge from Sinja Gorica. Iron nails (see P 3). a - Nail PN 6 lying in contact with the barge. b - Tip of Nail PN 4 inserted
into Side Plank 1, documented at the beginning of the clean-up of the barge.

(Foto / Photo: R. Kovacic)

kotom priblizno 60°, vsak naslednji z druge strani,
skozi talni trami¢ v talno platico (sl. 20). V talni
trami¢ FT 1 je bilo zabitih 6 Zebljev, v talni tramic
FT 2 pa 9 zebljev (glej sl. 19). Z Zeblji sta bila na
oplato pritrjena tudi bo¢na tramica ST 1 in ST 2. Ob
dokumentiranju je bil bo¢ni trami¢ ST 1 $e vedno
¢vrsto pritrjen na ¢olnico CG 2 (sl 19: zebelj 7),
medtem ko je bo¢ni tramic¢ ST 2 ob bok pritiskal zgolj
sediment v okolici. Razlog za to je mogoce iskati v

namenski poskodbi bo¢nega tramica ST 2, ki je bil
odsekan v spodnji polovici, pritrjeni ob ¢olnico v
prehodu od dna v bok v dolzini priblizno 26 cm. V
zgornjem delu tramica je v lesu $e vedno odlomljen
zebelj (sl. 19: PN 66; t. 4: 2). Kot je mogoce sklepati
po obliki obsekanine, je to bilo narejeno zato, da se
tramic lo¢i od boka. Oba tramica sta bila v delu, ki
se prilega v koleno prehoda iz dna v bok, obtesana
tako, da sta se lepo ulegla v krivino.
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SI. 20: Ladja iz Sinje Gorice. Lega Zeleznih Zebljev PN
10, 11, 12 (glej sl. 19; seznam 1) na talnem tramic¢u FT 2.
a - Zeblja PN 10 in 12 sta zabita z leve v smeri pogleda,
11 pa z desne. b — Shemati¢en prikaz nacina zabijanja
zebljev pod kotom.

Fig. 20: Barge from Sinja Gorica. Position of iron Nails PN
10, 11, 12 (see Fig. 19; List I) in Floor-timber 2.

a — Nails PN 10 and 12 were driven in from the left and
Nail 11 from the right. b - A schematic view of nails
driven under an angle.

(Foto / Photo: R. Kovacic)

Obdelave, sledi uporabe in drugo

Med dokumentiranjem je bilo opazenih nekaj
sledi obdelave, ki najverjetneje niso nastale ob
gradnji ladje, temve¢ kasneje, med njeno rabo.
Najizrazitej$i obdelavi sta prevrtani izdolbini na
bo¢ni platici SP 1 in ¢olnici CG 2. Prva obdelava,
prevrtana bo¢na platica SP 1, ki ima premer 10
cm (sl. 21: b), je skoraj v osi talnega tramica FT 2.

Zaradi pomanjkanja drugih podatkov ali dokazov ni
mogoce z gotovostjo ugotoviti njene namembnosti.
Zaradi lege ladje v sedimentih in izpostavljenosti
delovanju vodnega toka so v tisocletjih nastale
mocne abrazivne poskodbe na delno ohranjeni
zahodni bo¢ni platici. Zato je mogoce sklepati,
da je bila v ¢asu uporabe bo¢na platica prevrtana
(sl. 22: b), luknja pa je bila morda namenjena
namescanju lesenega droga, ki bi lahko povezoval
oba boka (glej sl. 26). Podobna se zdi izvrtina, ki
je bila dokumentirana na ¢olnici CG 2 tik nad
talnim tramicem FT 1 in ob bo¢nem tramicu ST
1. Premer te obdelave je okoli 13 cm, sluzila pa bi
lahko podobnemu namenu (sl 21: ¢; 22: ¢).

Iztesani utor v talnih platicah BP 3, 4 in 5 (sl.
21: e) poteka pravokotno ¢ez ladjo v isti osi kot
izdolbina na bo¢ni platici (sl. 21: a). Slutiti ga je
mogoce tudi na platicah BP 1 in 2, vendar ni pov-
sem zanesljivo. Pomisliti gre, da je bil utor narejen
za ¢vrsto namescanje prekata. Sicer neugotovljene
namembnosti je usekana polkrozna vdolbina na
talnem tramicu FT 2 (sl. 21: d), je pa mogoce
sklepati, da je bila narejena kot lezi§¢e za okrogel
predmet, ki naj se ne bi premikal.

Les vecine elementov na ladji, $e zlasti bo¢ne in
talnih platic, je zelo degradiran (glej sl. 9: a,b), kar
je mogoce opazovati tudi skozi mnozico razpokanin
in poskodb zaradi popuséanja celi¢ne strukture in s
tem “uleganja” in prilagajanja lesa na sedimente (sl.
21:£; 10: D,E). Zaznan je $e rob na bo¢ni platici SP 1
(sl. 21: g). Ali gre dejansko za namensko obdelavo
ali s sedimenti abraziran rob, ta hip $e ni jasno, v
primeru pa, da je rob iztesan, bi ga bilo mogoce
razumeti kot oporo za namesc¢anje dodatnih lesenih
elementov med obema bokoma.

Na ladji sta v stiku z lesom med ¢olnico CG 2 in
talno platico BP 5 lezali dve leseni des¢ici, katerih
uporabe ni bilo mogoce ugotoviti (sl. 10; 23). Prav
tako ni mogoce z gotovostjo trditi, ali sta sploh
povezani z uporabo ladje.

Eri¢

6. ZAPOREDJE GRADNJE IN OBLIKA
Zaporedje

O zaporedju gradnje je mogoce na podlagi do-
kumentiranih ostankov sklepati naslednje:

1. Zunanji obris ladje sta dolocali simetri¢no
oblikovani ¢olnici (CG 1 in CG 2) z indeksom
$irjenja 1,19 oziroma 1,18 proti sredini ladje. Fak-
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SL 21: Ladja iz Sinje Gorice. Podrobnosti na konstrukeiji. a - Izdolbina v bo¢ni platici (SP 1); b - skozi bo¢no platico (SP 1)
prevrtana luknja tik nad talnim tramic¢em (FT 2); ¢ - skozi bo¢no platico (SP 1) prevrtana luknja tik nad talnim tramicem
(FT 1); d - polkroZno obtesani talni trami¢ (FT 2) nad talno platico (BP 5); e — utor v talnih platicah (BP 3, 4, 5) poteka pre¢no
¢ezladjo visti osi kot izdolbina a; f - skupina poskodb in razpok, ki niso posledica obdelave temve¢ postopnega propadanja lesa;
g - rob na bo¢ni platici (SP 1), ki je morda namensko narejen.

Fig. 21: Barge from Sinja Gorica. Construction details. a - Hole in a side plank (SP 1); b - hole in a side plank (SP 1) above the
floor-timber (FT 2); ¢ - hole in a side plank (SP 1) above the floor-timber (FT 1); d - hemispherical indentation in the floor-
timber (FT 2) above a bottom plank (BP 5); e — groove across the bottom planks (BP 3, 4, 5) running in the same axis as the
hole on a; f - cracks and other damage not made during construction, but a result of progressive wood degradation; g — possibly
intentionally made groove in a side plank (SP 1).

(Foto / Photo: R. Kovacic)
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S 22: Ladja iz Sinje Gorice. Poskus rekonstrukcije ohranjenega boka (glej sl. 21).
Fig. 22: Barge from Sinja Gorica. Attempt at a reconstruction of the surviving side (see Fig. 21).
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SI. 23: Ladja iz Sinje Gorice. Lega lesenih des¢ic na ladji (glej sl. 10).
Fig. 23: Barge from Sinja Gorica. Position of the wooden boards on the barge (see Fig. 10).
(Foto / Photo: R. Kovacic)

tor $irjenja platic (BP 1-BP 5) v petih vzporednih
nizih je manjsi in obsega okoli 1,06, razen pri BP 4,
ki se s faktorjem 1,56 opazneje ozi proti koncu
plovila. Stik med platicama BP 2 in BP 3 poteka
po sredinski osi plovila, pri ¢emer eno polovico
talnega dela oplate oz. $koljke sestavljata dve pla-
tici (BP 1 in BP 2), drugo pa tri platice (BP 3 do
BP 5). Povedano nakazuje, da je bila oblika vseh
opazovanih delov nacrtovana in prefabricirana
(glej sl. 10).

2. Pred fiksiranjem colnic in talnih platic so
mednje vstavili tesnilo iz bukovega drobirja in
pletene vrvi iz rastlinskih vlaken in ga morda ze v
tej fazi u¢vrstili z zabijanjem spojk ¢ez stike platic
in ¢olnic na notranji strani ali pa so talno oplato
in ¢olnice med gradnjo drzale skupaj zagozde,
zataknjene v stojala ob zunanjih robovih dna.

3. Sledili sta izdelava utorov za spojke na no-
tranji povrsini talnih platic ob stikih in utorov
za tramice v talne platice in ¢olnice, nato pa
namestitev tramicev, ki so jo verjetno izvedli s
postopnim vrinjanjem skozi eno od odprtin v
¢olnicah; z notranje strani so talne tramice na
platice pritrdili s po$evno zabitimi Zeleznimi Zeblji,
medprostor v utorih med ¢olnico in tramici pa
so na zunanji strani (verjetno) zatesnili s sno-
pici rastlinskih vlaken, u¢vr§¢enimi z majhnimi
lesenimi zagozdami.

4. Verjetno so v naslednji fazi tako pripravljeno
dno s ¢olnicama prekopicnili in zabili spojke ¢ez
stike platic na zunanji strani.

5. V naslednji fazi so namestili bo¢ne tramice,
na drugih delih plovila pa je socasno verjetno
potekala vgradnja ogrodja; sledilo je namesc¢anje

zgornjih nizov bo¢nih platic in njihova dodelava
(odprtine za pre¢ne drogove).

6. Na koncu, ¢e tega niso storili Ze prej, so zabili
$e spojke Cez stike na notranji strani skoljke in na
zunanji strani bokov.

Oblika

Opravljen je bil preizkus ujemanja oblike ladje
iz Sinje Gorice z nekaterimi rimskimi ladjami z
ravnim dnom iz severnosredozemskega zaledja ter
tistimi iz severozahodne Evrope.** Izkazalo se je,
da se krivina bokov ladje dobro prilega krivinam
bokov ladij iz Lip*’ in Bevaixa ter ladjama Yverdon-
les-Bains 1%¢ in Arles-Rhone 3%7 na priblizno prvi
tretjini plovila, krivina bokov ladje iz Sinje Gorice pa
sploh ni primerljiva z boki ladij porenske skupine,
saj so te ladje v prvi in zadnji petini precej ostro
zakrivljene ali zalomljene v premec in krmo, v kar
treh petinah ladje pa sta boka vzporedna (sl. 24).

Opozoriti je treba Se na primerjalni test krivin
bokov med izbranimi ladjami severnosredozemskega
zaledja s krivino boka ladje iz Sinje Gorice (sl. 25:
a). Taje namre¢ pokazal zanimivo podrobnost, da
imajo izbrane ladje pri isti $irini skoraj povsem

44 Tlorisi izbranih ladij so povzeti po gradivu s spletne
strani NAVIS L. (http://www2.rgzm.de/ Na-vis/home/frames.
htm), razen ladje Arles-Rhéne 3 (http://www.daily motion.
com/video/x13bti-arles-rhone-3-de-la-fouille-a-la-restitution-
du-chaland-gallo-romain-creation.UVMTWULfATM) in
ladje iz Lip (Gaspari 1998a).

45 Gaspari 1998a.

46 Arnold 1992.

47 Djaoui, Greck, Marlier 2012.
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SI. 24: Primerjava §tirih izbranih ladij severnosredozemskega zaledja (Lipe, Arles-Rhone 3, Bevaix, Yverdon-les-Bains 1)
in §tirih izbranih ladiji porenske skupine (Mainz 6, Zwammerdam 4 in 6, De Meern 1) s severa Evrope. Raziskani del
tlorisa ladje iz Sinje Gorice je prirejen vsaki ladji posebe;j.

Fig. 24: Comparison of four selected ships from the northern Mediterranean hinterland (Lipe, Arles-Rhone 3, Bevaix,
Yverdon-les-Bains 1) and four of the Rhineland group (Mainz 6, Zwammerdam 4 in 6, De Meern 1) from the north of
Europe. For comparative purposes, the documented part of the barge from Sinja Gorica is inserted in each of the ships’
ground plans.

Sinja Gorica r = 37 m*; Lipe r = 68 m; Arles Rhone 3r =61 m; Bevaix r=40m;Yverdon 1 r=52m

—_— TF——

=g -

enotna Sirina za vse ladje / common width for all ships =2,8 m

SL 25: Primerjava $tirih izbranih ladij severnosredozemskega zaledja. a — Obliki ladje iz SG so bile ostale ladje za analizo
povecane/pomanj$ane na ustrezno velikost, pri kateri so se krivine bokov prekrivale. b - Vse ladje iz primerjave so bile povecane/
pomanj$ane na isto $irino. Premer krivine boka (*) ladje iz Sinje Gorice, zaradi kratkega odkritega dela boka in odsotnosti
premca in/ali krme, za zdaj $e ni najbolj zanesljiv.

Fig. 25: Comparison of four selected ships from the northern Mediterranean hinterland. a — Ship size adjusted (reduced/
enlarged) so as to get the best possible match with the curvature of the barge from Sinja Gorica. b — Ship size adjusted to the
same width. The documented section of the barge from Sinja Gorica is short and missing the bow, hence the diameter of its side
curvature (*¥) is only an estimate.
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enak premer krivine boka (sl. 25: b). Odstopa le
ladja iz Bevaixa. Sirina zrcal premca in krme pa je
v soodvisnosti od dolzine ladje. Ali gre pri $tirih
ladjah (do petih, vklju¢no z ladjo iz Sinje Gorice)
za pravilo ali morda za naklju¢je, bo treba pocakati
$e na kaksno novo najdbo in opraviti podrobnejse
primerjave med izbranimi plovili.

Eri¢

7. PRIMERJALNA ANALIZA KONSTRUK-
CIJSKIH IN TEHNOLOSKIH ZNACILNOSTI
LADJE IN NJENO MESTO V REGIONALNIH

LADJEDELNISKIH PRAKSAH

Nadaljevanje terenskih raziskav plovila v letu
2012 in izvedene naravoslovne preiskave so prispe-
vali deloma presenetljive podatke, ki v marsi¢em
precej spreminjajo predhodne ugotovitve.*® Tudi
tokratna analiza je zaradi omejene raziskanosti
ostankov lahko le delna in zacasna.

Odprta oblika s skoraj navpi¢nimi stranicami,
razporeditev platic talne in bo¢ne oplate, nadin
zagotovitve vodotesnosti in druge konstrukcijske
znacilnosti ne dopuscajo dvomov, da gre za plovni
objekt, katerega znane dimenzije ustrezajo tistim
pri okvirno socasnih tovornih ladjah.

Oblika in konstrukcija ladje odsevata koncept
vzdolZno potekajoce skoljke, na katerem je temeljila
sredozemska ladjedelniska praksa vse do konca
antike. V tej tradiciji je bila najprej samostojno
sestavljena skoljka, ogrodje pa vstavljeno pozneje.
Ladja iz Sinje Gorice sodi v okviru te tradicije v
skupino plovil z ravnim dnom, katerih oblika je
bila zasnovana iz dna in v bo¢nih delih zgrajena
s pomocdjo zacasnega notranjega ali zunanjega
ogrodja (fr. construction sur sole).

Analiza tlorisnega obrisa raziskanega dela dna
in bokov je razkrila, da gre verjetno za segment
plovila priblizno na tretjini celotne dolzine ladje
glede na premec ali krmo. Odsotnost sledov trdnej-
$ega in gosteje razmescenega talnega ogrodja (kot
so izmeni¢no name$¢eni masivni tramici in rebra
ali pari masivnih tramicev s kolenastimi bo¢nimi
deli s sorodnih tovornih ladij) ter pre¢ni utor ob
tramic¢u FT 2 (glej sl. 21: e), ki bi lahko kazal na
premicno prekatno steno, sta morda povezana z
lazjim nalaganjem in skladi$¢enjem tovora, pri
¢emer so odpornost tega dela plovila proti bo¢-
nemu pritisku po nalaganju verjetno zagotovili z

48 Gaspari, Eri¢ 2012.

namestitvijo pre¢nih drogov (glej sl. 21: b,c; 26), ¢e
je taka interpretacija lukenj v bokih pravilna, ali z
drugac¢nim za¢asnim ogrodjem. Moznost, da bi bila
na ta nacin narejena celotna ladja, je zelo majhna,
¢e ne nemogoca, saj boki plovila pod dolocenim
ugrezom ne bi zdrzali pritiska vode, vprasljiva pa
je tudi odpornost talne oplate, povezane le s $iroko
razmaknjenimi tramici in spojkami. Na raziskanem
delu ladje namre¢ ni bil dokumentiran noben drug
nacin spajanja oplate, npr. z lesenimi mozniki ali v
tehniki na pero in utor, tj. des¢icami, vstavljenimi
v utore, izdolbene v bo¢ne robove platic. Verjetnost
obstoja masivnejSega ogrodja podpirajo najdbe
zeleznih Zebljev zunaj prvotne lege, med katerimi
je tudi primerek z dvakrat zakrivljeno konico (glej
sl. 19: b [PN 4]; t. 3: 17).

Novoodkrita ladja pomembno dopolnjuje
spoznanja o pomenu regionalnih ladjedelniskih
praks vzhodne in severne obale Jadranskega
morja pri konstruiranju rimskih tovornih ladij
celinskega tipa, saj skupaj z okvirno socasno,
okoli 30 metrov dolgo in do 4,8 m Siroko ladjo
z 0,60 m visoko ohranjenimi boki iz Lip*® sodi
med najzgodnej$e znane primere teh enkratnih
dokazov obsega in zmogljivosti re¢nega transporta
v rimskem obdobju.>°

Ladja iz Lip, pri kateri je uporaba Ze rabljenega
lesa povzrocila kar nekaj nejasnosti pri dolocitvi
starosti z radiokarbonsko metodo, je bila glede na
najmlajsa od petih analiziranih vzorcev zgrajena v
drugi polovici 1. st. pr. n. §t. ali prvih desetletjih
1. st. n. §t.>! V §tudijah o anti¢nem ladjedelnistvu se
obravnava kot prototip t. i. rimsko-keltskih tovornih
ladij, med 18 in 40 m dolgih in do 5 m Sirokih
plovil z ravnim dnom, strmimi boki z vi§ino med
0,5 in 1,2 m ter poSevnima premcem in krmo, ki
so izdelana skoraj izklju¢no iz hrastovine. Okoli
30 znanih plovil tega tipa z ozemlja med juzno
Francijo, spodnjim Porenjem in spodnjim Podo-
navjem sodi v ¢as med avgustejskim obdobjem in
3. stoletjem ter po dosedanjih spoznanjih pripada
vsaj §tirim regionalnim praksam.’? Uporabljene
tehnologije kaZzejo ve¢inoma na sredozemski
izvor, dolo¢enim konstrukcijskim resitvam, npr.
tesnjenju z mahom in uporabi Zeleznih Zebljev,

49 Gaspari 1998a; 1998b; 2009a; Bockius 2000, 465-468.

50 Najstarejsi znani ostanki rimske re¢ne ladje z ravnim
dnom pripadajo leta 2008 odkritemu plovilu $ivanega tipa
iz 2. st. pr. n. §t. z lokacije Motta di Cavanella d'Adige v
Beneciji, ki ga izkopavalec pripisuje rimsko-padski tradiciji
(Tiboni 2009).

51 Gaspari, Eri¢ 2012, 295, t. 1.

52 Glej Bockius 2000; Guyon, Rieth 2011; Holk 2011.
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SI. 26: Ladja iz Sinje Gorice. Rekonstrukcija odkritega dela in zacasna interpretacija morebitne namembnosti lukenj v ladijskih

bokih.

Fig. 26: Barge from Sinja Gorica. Reconstruction of the uncovered part and possible function of the holes in the barge sides.
(Rekonstrukcija / Reconstruction: P. Petrovi¢, L. Ritonja, © ArtRebel9)

pa sledimo v prazgodovino celinske in atlantske
Evrope. Keltskodobni prototipi plovil s sestavljeno
oplato niso znani, zato prevladuje mnenje, da so
t. i. rimsko-keltske tovorne ladje rimski odziv na
specifi¢ne razmere celinske plovbe in povecane
zahteve glede zmogljivosti.

V okviru tovornih ladij z ravnim dnom porenske
skupine oz. tradicije se pojavljajo zlasti plovila
osemkotnega obrisa z dolgim osrednjim delom
z vzporednima stranicama, navpi¢nimi boki ter
posevno nagnjenima koncema, ki sta omogocala
lazje nalaganje in pristajanje. Hidrodinami¢no
ucinkovitej$a elipsoidna oblika s prisekanima
koncema je znacilna za ladje skupine Rhone-Sadne
in nekatere ladje alpske skupine, ki so ji pripisana
plovila iz zahodnosvicarskih jezer. Dokumentirana
razmerja med $irino in dolzino, ki se ve¢inoma
gibljejo med 1: 5,7 in 1: 7,1, nakazujejo dolo¢eno
normiranje proporcev. Metrolosko nacrtovanje je
izkazano tudi v razporeditvi elementov ogrodja
dolocenega dela tovrstnih plovil v ponavljajoc¢ih
razmikih 59 do 60 cm, kar ustreza dolZini dveh
rimskih ¢evljev (1 pes monetalis = 29,6 cm).

Poenostavljeno se je gradnja rimsko-keltskih
tovornih ladij zacela z dolo¢itvijo obrisa in dimenzij
dna in zlaganjem talnih platic v vzdolzne nize ali
razpolozljivemu materialu prilagojen nepravilen
mozaik. Prehod dna v ve¢inoma navpi¢ne boke
so izvedli s ¢olnicami, ki so bile zviSane z eno ali
dvema dodatnima bo¢nima platicama. Te so bile
zloZene ali rob na rob v obliki tekoce oplate ali pa
v tehniki klinker, pri kateri se robovi platic delno
prekrivajo. Ze pred namestitvijo bo¢nih platic so
na dno polozili pare pre¢no potekajoc¢ih tramov,
ki so vsak na enem koncu kolenasto prehajali v
rebra, segajo¢a do vrha bokov. Druga izvedba
ogrodja je predvidevala vgradnjo izmenjujocih
se pre¢nih tramicev in reber. Ogrodje je bilo na
talne platice praviloma pritrjeno z Zeleznimi zeblji,
mestoma tudi z lesenimi mozniki. Bo¢ne platice
so bile s pomo¢jo pomoZnega ogrodja name$cene
pred vgradnjo reber ali pa po njej, pri ¢emer so,
obratno kot pri prvi moznosti, pritrdili platice na
rebra. Pri spajanju oplate so pri nekaterih plovilih
uporabili kombinacijo klasi¢ne tehnike na pero
in utor (ang. mortice and tenon) in posami¢nih
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SI. 27: Zgodnjerimska tovorna ladja iz Lip. Konstrukcijske znacilnosti.
Fig. 27: Early Roman barge from Lipe. Construction features.
(Po / After Salemke 1973; Gaspari 1998b)

posevno zabitih Zebljev. Tesnilo iz mahu, rastlin-
skih vlaken ali tekstila, namocenega v smolo, je
bilo name$ceno med platice bodisi pred njihovim
zlaganjem oz. names$éanjem ali nabito v vnaprej
pripravljene Spranje na notranjih stikih platic.
Tesnilo so v nekaterih primerih uévrstili z gosto
nabitimi zeleznimi zebljicki ali s trakovi tekstila,
posami¢no so najdene tudi Zelezne spojke.
Klju¢na tehnoloska razlika, ki ladjo iz Lip lo¢i
od ostalih rimskodobnih re¢nih in jezerskih ladij
iz evropske celine onkraj alpskega loka, je tehni-
ka Sivanja, s katero so speli posamezne elemente
oplate, potem ko so v zgornjo polovico stikov med
platicami namestili tesnilo iz snopov lipovega li¢ja
(sl. 27). Cilindricen utor, izvrtan v stranski rob ene
od platic, dokazuje dodatno spajanje oplate z lese-
nimi mozniki,” ki so v procesu gradnje olajevali
$ivanje in socasno preprecevali vzdolzne premike
med platicami. Uporaba valjastih (ang. dowels) ali
pravokotnih (ang. coaks) moznikov, ki se priblizuje
domnevno feni¢anski tehnologiji spajanja oplate v

53 Gaspari 1998b, 534, 541.

tehniki na pero in utor (coagmenta puniciana), je
pri morskih plovilih iz grskega kulturnega konteksta
[npr. ladjah Marseille Jules-Verne 9 (585-550 pr. n.
$t.; sl. 28), Bon-Porté pri Saint-Tropezu (530-525
pr. n. $t.), Cala Sant Viceng na severovzhodni obali
Mallorce (530-500 pr. n. §t.) in Pabug¢ Burnu na
jugozahodni obali Turcije pri Bodrumu (570-560
pr. n. §t.)]°* pomenila bistven del spajanja oplate, v
okviru katerega je $ivanje nadomescalo zatice peres
pri omenjenih spojih Feni¢anom pripisane prakse in
preprecevalo razmikanje spojev ter utrdilo tesnilo.
Leseni mozniki so bili v mlajs$ih obdobjih uporabe
tehnike $ivanja ve¢inoma opusceni oziroma, kot
morda v primeru ladje iz Lip, uporabljani samo za
nekatere dele oplate, najverjetneje zaradi gosteje
razmescenih elementov ogrodja, ki je zagotavljalo
zadostno trdnost $koljke in celega plovila v vzdolzni
in pre¢ni smeri.”

Sivanje kontinuiranega tipa, ki je v Sredozemlju
arheolosko morda prvi¢ dokazano pri leta 2008

54 Polzer 2009.
5> Beltrame 2000, 93; Beltrame, Gaddi 2013, 299.
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SI. 28: Poznoarhajska ladja Marseille Jules-Verne 9. Konstrukcijske znacilnosti.
Fig. 28: Late Archaic Marseille Jules-Verne 9 ship. Construction features.
(Po / After Pomey 1997, Fig. 5)

odkriti ladji iz zaliva pri Zambratiji na zahodni
obali Istre, datirani v zaletek ali prvo polovico
1. tiso¢letja pr. n. §t.,°° se je najdlje ohranilo v
Dalmaciji in na severnem Jadranu ter na celinskih
vodah v njegovem zaledju.”” Giulia Boetto in Cor-
rine Rousse sta opozorili, da je vzorec $ivanja ladje
iz Lip drugacen in preprostej$i od navzkriznega
$ivanja, ki se pojavlja pri morsko-lagunarnih (npr.
Valle Ponti/Commachio)®® in re¢nih plovilih (npr.
Stella pri Preceniku/Precenicco)® t. i. rimsko-
-padske tradicije, dodatno oznacene z uporabo
tehnike spajanja na pero in utor v zgornjih delih
skoljke ter spajanjem ogrodja z oplato z lesenimi
klini in $ivanjem. Ladja iz Lip naj bi po mnenju
avtoric sodila v t. i. rimsko-ilirsko tradicijo, za
katero so znacilni cikcak in diagonalno Sivanje
ter prevladujoca uporaba lesenih moznikov. Sle-
dnji sta, poleg ladje iz Zambratije, prisodili e vse
tri ladijske razbitine iz Zatona pri Ninu (1. st. n.
§t.) in ladjo iz Caske na Pagu (1.-2. st. n. §t.).%!
Ime tradicije, ki s pristavkom ilirska implicira

56 Koncani Uha¢, Uhac¢ 2012.

57 Beltrame 2000; Marlier 2002; Beltrame, Gaddi 2013,
300-303, sl. 1.

58 Berti 1990.

59 Vitri et al. 2001; Fozzati, Capulli, Castro 2012.

60 Brusi¢, Domjan 1985; Gluséevié 2004.

61 Radi¢ Rossi, Boetto 2011.

njen predrimski izvor, poleg ladje iz Zambratije,
utemeljujejo tudi anti¢ni literarni viri, ki $ivanje
omenjajo kot ladjedelnisko tehniko, znacilno za
Histre in Liburne® (glej tab. 2).

Novoodkrito plovilo iz Sinje Gorice (glej sl. 10)
kaze v primerjavi z ladjo iz Lip nekaj izrazitih teh-
nologkih razlik, ki na eni strani nakazujejo nadaljnji
razvoj regionalne gradnje tovornih plovil, na drugi pa
doslej nepoznan tip ogrodja v obliki vitkih talnih
tramicev, umaknjenih v utor v platicah in segajo¢ih
skozi stene Colnic. V tej fazi raziskav ni mogoca
natan¢na dolocitev oblike preseka (pravokoten,
trapezast oz. grebenast ?) niti preveritev moznosti,
da sta bila tramic in utor po dolzini blago konusno
oblikovana, kar bi zagotovilo dodatno trdnost spoja.

Obravnavana konstrukcija, ki, kot napisano, ni
bila nujno uporabljena po celotni dolzini plovila oz.
so jo morda kombinirali z druga¢nim ogrodjem,
spominja na lastoviéjo vez, zelo staro tesarsko re-
$itev, ki so jo poznali ze v predkovinskih obdobjih
evropske prazgodovine. Potrjena je na kolesih vozov
iz ¢asa med neolitikom in Zelezno dobo, pri katerih
so posamezne kolesne plo$ce povezali z dvema ali
ve¢ precnimi letvami trapezastega preseka, med
drugim pri bakrenodobnem kolesu z obmoc¢ja
koli§¢arske naselbine Stare gmajne pri Verdu.?

62 Boetto, Rousse 2011, 187-188, sl. 9; 2012.
63 Velusc¢ek, Cufar, Zupanci¢ 2009, 203-205.
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Tab. 2: Tehnologke znacilnosti skupine $ivanih ladij iz srednjega in severnega Jadrana ter njim sorodnih ladij iz zaledja.
Tab. 2: Technological features ... (see Translation)
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EY 0 B | Z% |5|z|zi|zililE £ | E5c
& B E Fe |2 & | SE|[FAl 2N o OES
Zambratija
(prva pol morje | zaobljen | elipsoiden diagonalno + Ulmus s Alnis sp.
1. tisocletja ) ) P (5) P @
pr. n. §t.)
Code diagonalno Quercus s
(1.—2.st.n. | morje | zaobljen | elipsoiden g_ + Fagus sp. P-
i) (2-2,5) (39,5)
(ZlatS(:nnl ‘) morje | zaobljen | elipsoiden dl?zgi);asl;l ° + (33-45)
(Zlats(:nnz ) morje | zaobljen | elipsoiden dl(af(_);asl;l ° + (13-20)
(Zlat;nn3 i) morje | zaobljen | elipsoiden dl?ff;asl;] © + (32,7-41)
Stella morje- | zaobljen Krisno Ulmus sp., Quercus sp. 2
(prva pol. laguna- | z ravnim | elipsoiden + + Quercus p- -
" (2,5) (ca 25)
1. st. n. §t.) reka dnom sp.
Valle
Ponti- morje- | zaobljen .

. . L krizno Quercus sp.
Comacchio | laguna- | z ravnim | elipsoiden 2.5) + + + Ulmus sp. (45)
(avgust. reka dnom ’
obdobje)

Lipe

(eomss 1. ravno L cik—cak? | + . Quercus sp.,
st. pr. n. reka dno elipsoiden (8-10) 17 + |+ C Picea sp. Ulmus sp.
$t.—zaé. 1. (60)

st. n. §t.)

Sinja Ulmus sp.,
Gorica ravno . Fagus sp.,
(zaé. 1. st. reka dno elipsoiden 18-25 + L Fagus sp. Abies sp.
n. §t.) )
Sisak ravno poli- Quercus Quercus sp.
(3. st. n. §t.) reka dno gonalen 7-10 * L sp. (55-60)
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V ladjedelnistvu je sorodna tehnoloska resitev
znana pri plovilih bronaste in starejse Zelezne dobe
atlantske Evrope, in sicer pri ladjah Dover (okoli
1575-1520 pr. n. §t.), Ferriby 1 (okoli 1390-1130 pr.
n. §t.) in Brigg (okoli 410-350 pr. n. §t.), pri katerih
so bile talne platice poleg $ivanja v tehniki konti-
nuiranega $iva ali s samostojnimi zankami spojene
$e s pre¢nimi zagozdami, zataknjenimi skozi luknje
v masivnih ¢okih, ki so bili izdelani iz nepotesanih
delov platic. Tako je bila zagotovljena trdnost talne
oplate v pre¢ni smeri, pa tudi njihova poravnava po
vzdolzni in navpi¢ni osi, kar je zmanjsalo delovanje
striznih sil na stike med platicami.®

Razmik med obema dokumentiranima trami-
¢ema ladje iz Sinje Gorice je med 1,78 in 1,82 m,
kar ustreza 6 rimskim ¢evljem (1,78 m) in nakazuje
uporabo metri¢nih pravil. Tramici so bili na platice
pritrjeniz 8,1 do 12,5 cm dolgimi Zeleznimi zZeblji,
ki so bili zabiti poSevno v razli¢nih smereh ter so
po obliki in dimenzijah podobni Zebljem, upora-
bljenim priladji iz Lip.%> Na opazovanem delu ladje
ni bilo mogoce ugotoviti, ali segajo skozi celotno
debelino platic ali ne. Prvo moznost podpira 11,5
cm dolg zebelj s kratko zakrivljeno konico (glej
sl. 19: PN 6; t. 3: 18), ki je prosto lezal na tramicu
FT 1. Uporaba lesenih moznikov ni dokazana, kar
ladjo iz Sinje Gorice lo¢i tako od ladje iz Lip kot
od tiste iz Kolpe v Sisku (sl. 29; 30), pri katerih je
bilo ogrodje na oplato pritrjeno ve¢inoma oziroma
izklju¢no z mozniki. Pri ladji iz Lip so Zelezne
zeblje uporabili le za pritrjevanje desk na talne
tramice,® ¢ez oplato pa je sode¢ po Miillnerjevi
dokumentaciji segalo le nekaj Zebljev, katerih konice
so zatolkli na spodnje povrsine platic.®” Gradnjo
tovornih ladij rimsko-keltske tradicije iz Galije in
Porenja nasprotno oznacuje mnozi¢na uporaba
zeleznih Zebljev (sl. 31), ki so bili praviloma zabiti
od znotraj navzven skozi vnaprej izvrtane luknje v
ogrodju in oplati, pri cemer so presegajoce konice
dvakrat ukrivili in zabili v les.%® Pri ladjah skupine
Rhoéne-Sadne (podskupina I) so bile talne platice
pribite na elemente ogrodja od zunaj navznoter in
v obratni smeri, pri podskupini II, pri kateri so bili
spoji med talnimi platicami izvedeni v tehniki na

64 McGrail 2001, 184-191.

5 Gaspari 1998a, 201, sl. 21: 15-20.

66 Glej sledove stirih Zebljev na enem koncu ohranje-
nega dela oplate ladje iz Akvileje-Canale Anfora 2005, ki
bi pogojno lahko nakazovale pritrdis¢e za rebro/tramic
(Beltrame, Gaddi 2013, 299).

67 Gaspari 1998a, 202.

68 Bockius 2000, 453.

—

SL 29: Tloris ladijske razbitine iz Kolpe v Sisku po tlorisni
in fotografski dokumentaciji za$¢itnih raziskav leta 1985.
Presek a-a” je v zmanj$anem merilu.

Fig. 29: Ground plan of the shipwreck from the Kolpa river at
Sisak, after the ground plan and photographic documentation
from the 1985 rescue investigation. Cross section a-a” is in a
smaller scale.

pero in utor, pa samo od znotraj navzven.®’ Izda-
tna uporaba kovinskih Zebljev je potrjena tudi pri
malostevilnih sredozemskih ladjah klasi¢nega in
zgodnjehelenisti¢nega obdobja, vendar jo je pozneje
povsem izpodrinilo spajanje ogrodja z oplato z le-
senimi mozniki in s posami¢no zabitimi zeleznimi
ali bronastimi zeblji.”®

Iz enega kosa lesa iztesana ¢olnica, ki je zagotav-
ljala neprekinjen prehod ladijskega dna v boke, je
poleg prevladujoce uporabe lesa hrasta ter spajanja
oplate in ogrodja z zeleznimi Zeblji eden od najpre-
poznavnej$ih elementov rimskodobnih tovornih
ladij rimsko-keltske tradicije na celinskih vodah
med juzno Francijo in spodnjim Podonavjem. Bolj
odprta zasnova tovornih ladij s po$evnimi boki
v nagibu okoli 20 do 35 stopinj od navpi¢ne osi,
znacilna za plitvejse ladje s teko¢o oplato (npr. Lipe,
Lyon-Place Tolozan), je pogojevala ¢olnice s prese-
kom v obliki ¢rke C, praviloma globlje zasnovane
ladje s ¢olnicami v obliki ¢érke L pa vklju¢ujejo tako
plovila s teko¢o bo¢no oplato (Bevaix, Pommero-
eul 2, Yverdon-les-Bains 1, Sisak, Sinja Gorica)”!
kot ladje, pri katerih so boki nad ¢olnico zvi$ani v
tehniki klinker in ki se pojavljajo samo v porenski
skupini. Nasprotno je bil prehod dna v boke pri
tovornih ladjah skupine Rhone-Sadne izveden ali z
masivno polovico debla, pribito na zunanjo platico
in rebra (podskupina I), ali z resitvijo, pri kateri je
bila spodnja bo¢na platica pribita na stranski rob
zunanje talne platice (podskupina IT).72

Druga posebnost ladje iz Sinje Gorice so $tevilne
Zelezne spojke, ki so bile v neenakomernih raz-
mikih, katerih tezi$ce lezi v skupini 18 do 25 cm,
zabite Cez stike platic na notranji strani plovila,
nekaj spojk pa je bilo dokumentiranih tudi na
spodnji strani dna in na zunanji strani bokov. Vsaj
na notranjem delu oplate so bile spojke umaknjene
v vnaprej izdelane utore, kar spominja na resitev

% Guyon, Rieth 2011, sl. 4.
70 Bockius 2000, 453.

71 Bockius 2000, 471.

72 Guyon, Rieth 2011, 98-99.
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za za$cito vrvi pri Sivanih plovilih, kjer so bili
vhodi v luknje na izpostavljenem zunanjem delu
oplate oblikovani kot polkrozne, trapezoidalne ali
pravokotone izdolbine v robovih platic.”?

Edini primerjavi za tako tehniko spajanja platic
in utrjevanja tesnila s spojkami sta znani z manjse
ladje z obrezja Donave na obmocju kastela Aquae
pri Kusjaku pri Prahovem v Zeleznih vratih’ in
sekundarno uporabljene razbitine tovorne ladje z
obmoc¢ja nakladalne plo$¢adi na lokaciji “Kovnica” v
strugi Kolpe v Sisku (sl. 29).7> Pri celinskih tovornih
ladjah iz galskih in germanskih provinc podobna
ureditev ni znana, so pa bile na nekaterih tovornih
ladjah iz Porenja (npr. Zwammerdam 2, Yverdon-
-les-Bains 1, Woerden 7) in pri dveh patruljnih
ladjah iz Oberstimma na bavarskem delu Donave
(zacetek 2. st. n. §t.) podobne spojke posami¢no
uporabljene pri utrjevanju posameznih delov, pri
manjsih popravilih ali pa za ucvrstitev tesnila, ki je
bilo praviloma nabito v posebej pripravljen presledek
med platicami Sele po njihovi vgradnji.”®

Priladji iz Kusjaka, okvirno datirani v trajansko
obdobje, so bile zelezne spojke dokumentirane v
razmikih 5 do 10 cm na notranji strani vzdolz
nekaterih stikov med talnimi in bo¢nimi platicami,
vendar je v nasprotju z ladjo Sisak zaporedje spojk
ponekod prekinjeno. Pri ladji iz Siska (sl. 29; 30),
ki je bila domnevno zgrajena okrog sredine 3. st. n.
$t., so jih uporabili za celotno oplato, in sicer so bile
zabite pravokotno ali rahlo poSevno ez vzdolzne
in pre¢ne stike hrastovih platic vsakih 4 do 7 cm
narazen. Spojke, ki ne presegajo 5 cm dolZine, so
zelo podobne primerkom, uporabljenim pri ladji
iz Sinje Gorice, med katerimi prevladujejo spojke
z dolzino 3,9 do 6 cm. Podobne so tudi dimenzije
platic, ki so pri ladji iz Siska Siroke od 25 do 40
cm in debele okoli 6 cm, obe ladji pa povezuje tudi
uporaba tesnila iz rastlinskega materiala.

Pri razbitini iz Siska (sl. 29), od katere se je
ohranil okoli 7 m dolg in 2,5 m $irok del dna z
enim od bokov ohranjene visine 1,1 m, so ogrod-
je sestavljali masivni, 55 do 60 cm razmaknjeni
hrastovi tramici pravokotnega preseka, med ka-
terimi sta bili ob vsakem od bokov vgrajeni po
dve kolenasti rebri iz naravno ukrivljenega lesa.
Po belezkah vodje zas¢itnih raziskav 1. 1985 (sl.
30) je bil prehod dna v skoraj navpi¢ni stranici
izveden s ¢olnicami s presekom v obliki ¢rke L, pri

73 Beltrame 2000, 93.

74 Bockius 2001.

75 Gaspari, Eri¢, Smalcelj 2006.

76 Bockius 2002b, 52-54; Holk 2011, 39.

SL 30: Tramica in talne platice ladje iz struge Kolpe v Sisku
med izkopavanjem leta 1985.

Fig. 30: Timbers and bottom planks of the ship from the
riverbed of the Kolpa at Sisak during the 1985 excavation.
(Foto / Photo: K. Ki$, Gradski muzej Sisak, No. I1I-4327).

katerih je bila notranja stran polkrozno iztesana,
torej podobno kot pri ladji iz Sinje Gorice.

Po obliki, znacilnostih konstrukcije ter izbiri
lesa se ladja iz Siska priblizuje tovornim ladjam
iz galskih in germanskih provinc, vendar je brez
dvoma izdelek regionalne tradicije s tehnoloskimi
koreninami na severnem Jadranu in njegovem za-
ledju. Temeljni argument za to trditev je razmestitev
spojk, ki spominja na intervale med luknjami v
robovih platic $ivanih ladij, na kar je opozoril ze
Ronald Bockius v obravnavi ladje iz Kusjaka, pri
ladjah iz Sinje Gorice in Siska pa je ta podobnost
$e olitnejsa. Sredozemski praksi ustrezajo tudi
izklju¢na uporaba lesenih moznikov za pritrjevanje
ogrodja na oplato, razmestitev in poSevni stiki
platic v vzdolznih nizih, izmeni¢no razporejeni
tramovi in rebra ter zlasti trikotni utori, iztesani
v spodnjih stranicah tramov na mestih, kjer so ti
preckali stike med platicami. To posebnost, ki je
na istih mestih potrjena tudi pri nekaterih ladjah
porenske skupine (npr. Zwammerdam 2, De Meern
1 in 4, Woerden 7),”” so nekateri intepretirali kot
odprtine za pretok kaluZe, prezrac¢evanje oziroma
nadin za omejevanje propadanja reber nad stiki,
vendar gre verjetneje za tesarski podpis brez vecje

77 Bockius 2000, 455, 465, 468.
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SI 31: Preseki rimskih tovornih ladij z razli¢nih najdis¢. Preseki niso v enakem merilu.
Fig. 31: Cross sections of Roman cargo ships from various sites. Cross sections are not to scale.
(Po / After: Miillner 1892 [Lipe]; Bockius 2000 [Yverdon, Woerden 1]; Bockius 2011 [De Meern 4];
Guyon, Rieth 2011 [Lyon/ParcSaint-Georges]; preseki / cross sections: M. Eric).
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prakti¢ne vrednosti, ki je spominjal na tehnolo-
$ko nujnost pri $ivanih ladjah, pogojeno s snopi
tesnilnega materiala.”8

Med vrstami lesa, ki so jih uporabili pri gradnji
ladje iz Sinje Gorice, preseneca prevlada bukve,
saj se ta drevesna vrsta v anticnem in tradicional-
nem pomorskem tesarstvu Sredozemlja skoraj ne
pojavlja.”” Plinij starej$i bukovino in orehovino
uvr$¢a med lesne vrste, primerne za podvodne
in podzemne gradnje, in izrecno omenja njeno
slabso odpornost (N. h. XVI79). Podobno se last-
nosti bukovine opisujejo tudi v tradicionalnem
gospodarstvu, pri Cemer se trpeznost sveZega,
neposusenega bukovega lesa v vodi primerja z
macesnovim.®

Pri morskih plovilih anti¢nega Sredozemlja je
bil za oplato najpogosteje uporabljen les iglavcev,
zlasti razli¢nih vrst bora, cedre in jelke, redkeje
smreke. Uporaba lesa listavcev za izdelavo celotne
oplate je o¢itno regionalna posebnost, saj se pojavlja
tudi pri nekaterih Sivanih ladjah. Primer oplate
iz bukovine je dokumentiran prav pri okoli 9 m
dolgi $ivani ladji iz Caske,’! pri ladji iz Zambratije
in vecini rimskodobnih Sivanih plovil iz obmoc¢ja
vzdolz obal Benecije in Furlanije-Julijske krajine
(npr. Stella, Aquileia-Canale Anfora, San Francesco
del Deserto in Valle Ponti-Comacchio) pa je bil
v ta namen uporabljen odpornejsi jesenov les.
Izbira bukovine za ladjo iz Sinje Gorice in lahke
smrekovine, ki jo je tezko obdelovati in v vodi
ni posebej trajna, za platice ladje iz Lip dokazuje
uporabo lokalno razpolozljivih drevesnih vrst z
rastis¢ v okolici Ljubljanskega barja.

Tesnjenje z bukovino oz. rastlinskim gradivom
pri ladji iz Sinje Gorice je konstruktorski podpis
sredozemskega izvora. Pri Sivanih plovilih iz srednje
in severne Dalmacije so bili v ta namen najpogosteje
uporabljeni snopi lipovega li¢ja in ovijalk (?), za
$ivalne vrvi pa lan in zuka oz. brnistra (Spartium
junceum L.). Za skupino rimsko-keltskih ladij iz
Porenja je znadilno tesnjenje z mahom, travami ali
drevesnimi vlakninami,® za skupino Rhone-Sa6ne
pa s tkanino, namoceno v smolo.%

V okviru tovornih ladij z ravnim dnom se elip-
sasta oblika z bolj ali manj prisekanima koncema
poleg obeh ladij z Ljubljanskega barja pojavlja pri

78 Glej Bockius 2011, 54-55.
9 Rival 1991, 64-66, 86, tab. 4.
80 Zalokar 1854, 302, 309.
81 Radié¢ Rossi, Boetto 2001, 509.
82 Bockius 2002a, 208-213, tab. 1-2.
83 Guyon, Rieth 2011, 98-100.

N

nekaterih re¢nih oziroma jezerskih ladjah skupi-
ne Rhéne-Sadne in geografsko sosednje alpske
skupine. Skoraj identi¢na krivina vodne linije, ki
je bila ugotovljena pri ladjah iz Lip, ladjah Yver-
don-les-Bains 1 in Arles-Rhone 3 in se domneva
tudi za ladjo iz Sinje Gorice, bi lahko nakazovala
upostevanje dolocenih pravil, ki so izhajala iz po-
trebe po zagotavljanju optimalnega razmerja med
namenom (nosilnost in vrsta tovora), plovnimi
lastnostmi in na¢inom premikanja ter verjetno
tudi z dolo¢enim ozirom na v sredozemskem
ladjedelnistvu obicajno elipsasto-konicasto obliko
ladij s tekoc¢o oplato. Ta je tudi tovornim ladjam z
ravnim dnom zagotavljala boljse plovne lastnosti,
tj. ve¢jo hitrost oziroma manj$o potrebno gonilno
silo in boljso sposobnost manevriranja, kot so jih
imela oglata plovila porenske skupine (barques
polygonales tipa A3 po B. Arnoldu).? Sirok trup
z globokim ugrezom mora razumljivo odrivati ve¢
vode kot ozek trup z majhnim ugrezom, kar zavira
plovbo, poleg turbulence, ki nastaja ob obtekanju
trupa, pa k skupnemu hidrodinamskemu uporu
plovila prispevajo tudi vrtinci, ki nastajajo zaradi
vdiranja vode v obmo¢je nizjega tlaka tik za krmo,
kar je glavni razlog za konicasto obliko krmnega
dela plovil (vsaj pod vodno gladino).%

Ob predpostavljenem ujemanju vodnih linij
ladje iz Sinje Gorice in ladje iz Lip, ki se po
razmerju med $irino in dolZino (okoli 1: 6,4;
d. okoli 28,7 m; §. 4,5 m) najbolj priblizuje lad-
jama Zwammerdam 6 in Woerden 7,3 smemo
za prvo glede na dokumentirano Sirino (2,47 do
2,88 m) in visino (0,65 m) domnevati okoli 20 m
dolgo in 3 m $iroko plovilo z okoli 0,7 m visokimi
stranicami. Domnevna velikost plovila ima med
ladjami skupine Rhéne-Sadne primerjave v okoli
2,8 m $irokih ladjah Lyon/Parc Saint-Georges 2 in
8, datiranih v 55 n. $t. oziroma 210-215 n. §t,%7
pri katerih je ocenjena dolzina med 18 in 25 m.
Med ladjami porenske skupine omenjenim di-
menzijam ustrezajo npr. ostanki skoraj 3 m $iroke
in 0,67 m visoke ladje iz rimskega pristani$¢a na
reki Haine v Pommeroeulu (Belgija), datirane v
drugo polovico 1. st. ali zgodnje 2. st. n. §t.,% in
ladja iz nekdanjega meandra reke Waal pri kraju
Druten (Nizozemska), datirana na konec 2. ali
zacetek 3. st. n. §t., od katere se je ohranil 16 m

84 Arnold 1992, 73-74.

85 K fiziki plovbe glej npr. Anderson 2003.
® Holk 2011, 39.
87 Guyon, Rieth 2011, 94.
8 Boe 1978, 25-27.

®
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dolg del, $irok od 2,8 m na sredini do 1,72 m na
koncu.?’ Posamezne v celoti ohranjene ladje, kot
sta Arles-Rhone 3, datirana v sredino 1. st. n. §t.,
ki pri $irini blizu 3 m meri v dolzino okoli 31 m
(razmerje pribl. 1: 10,5),%° ali 24,7 m dolga in 2,7
m $iroka ladja Vleuten-De Meern 1 (razmerje
pribl. 1: 9,1), zgrajena L. 148 n. §t., opominjajo, da
je uporaba indeksacije pri rekonstrukcijah dolzin
podobnih tovornih plovil lahko le okvirna.

Tovorna zmogljivost ladje iz Lip zelo verjetno
nikoli ni bila izkoris¢ena do teoreti¢ne nosilno-
sti, ki je pri ugrezu 0,4 m ocenjena na skoraj 40
ton.”! Njeno namembnost morda nakazujeta oba
vzdolzna pasova talnih desk, ki sta domnevno
olajSevala natovarjanje lesenih sodov. V soc¢asnih
kontekstih so med sodi najpogostejsi primerki
skupine z vi$ino od 1,9 do 2 m, kar ustreza $irini
tovornega prostora na ladji.”> Razsuti in bolj grob
tovor pri ladji iz Lip skoraj ne pride v postev, saj
bi lahko njegovo nasipanje ali ¢is¢enje poskodo-
valo razmeroma tanke smrekove platice (debe-
lina 3,5 do 4 cm) in razrahljalo $ive. Pri ladjah
Arles-Rhone 3 in Woerden 1 je bil osrednji del
opremljen z lesenim opazem, pritrjenim na talne
tramice in bo¢na kolena, kar omogoca sklepanje,
da gre za prostor za v vrecah shranjen zivez ali
drugo blago, ki ni smelo priti v stik s kaluzo.”?
Opisana ureditev raziskanega dela ladje iz Sinje
Gorice, ki na dokumentiranem delu razen poten-
cialnega utora za prekatno steno ne izkazuje talnih
elementov ogrodja, bi lahko nakazovala tovor z
manjso tezo in ve¢jim volumnom, manj obcutljiv
za vlago oz. mokroto (npr. pesek, glina, opeka
ipd.), morda pa gre za, kot pri ladji Vleuten-De
Meern 1, kabini ali kuhinji namenjen prostor, ki
so ga od preostalega dela ladje locile premi¢ne
predelne stene.

Gaspari

89 Lehmann 1990.

%0 Marlier 2011.

91 Bockius 2000, sl. 33 in 34.
92 Gaspari 1998a, 215.

93 Bockius 2000, 478.

8. SKLEP

Glede na enako namembnost in podoben vi-
dez obeh nacinov predhodnega spajanja platic in
utrjevanja tesnila ter geografsko lego omenjenih
odkritij iz Ljubljanice pri Sinji Gorici, Kolpe v
Sisku in Donave pri Kusjaku se zdi verjetno, da
gre pri zeleznih spojkah za tehnolosko resitev, ki
je ocitno ze zelo zgodaj, najpozneje pa v avgu-
stejskem obdobju zadela nadomeséati zahtevno in
zamudno tehniko Sivanja ter jo na celinskih vodah
¢rnomorskega povodja kmalu verjetno popolnoma
izpodrinila. Vzgib za to spremembo je najverje-
tneje prisel iz povecanih logisti¢nih zahtev vojaske
oskrbe, kar nakazuje tudi starost novoodkritega
plovila iz Ljubljanice. Glede na njeno socasnost z
ladjo iz Lip gre zelo verjetno za izdelek tesarjev,
ki so obvladali oziroma vsaj poznali obe tehniki,
$ivanje in spajanje s spojkami.

Ladja iz Siska, najverjetneje namenjena prevozu
teZjega in okornega tovora, nakazuje, da so eko-
nomski razlogi regionalno prakso v teku cesarskega
obdobja usmerili h gradnji rigidnih tovornih ladij
poligonalnega obrisa z masivnimi in rokodelsko
manj dodelanimi konstrukcijskimi elementi in
slab$imi plovnimi lastnostmi. Ne glede na to, ali
gre za prometna sredstva rimske vojske, ki so
bila pogosto pogodbeno prenesena v upravljanje
zasebnih korporacij, ali javnemu transportu na-
menjene ladje, skoraj ni dvoma, da je bila gradnja
teh zmogljivih plovil odgovornost vojaske uprave
in izdelek legijam priklju¢enih amfibijskih enot s
kvalificiranim osebjem (fabri navales).**

4 Bockius 2000, 482-485.
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9. KATALOG
(t. 1-4; seznam 1)

V Katalogu so predstavljeni konstrukcijski ele-
menti: spojke in Zeblji. Vsi predmeti so iz zeleza,
zato snov v nadaljevanju ni navedena (izjema je
leseni bo¢ni tramic¢ ST 2, ki skupaj s pritrjenim
zebljem predstavlja del najdbe PN 66 [t. 4]). Najdbe
hrani Muzej in galerije mesta Ljubljane.

Vse mere so podane v cm.

T. I:

- Najdbe, odkrite leta 2008, v bliznji okolici ladje,
prostoleze¢e, dokumentirane in pobrane. Oznacene so s
§t. kvadranta in zaporedno $t. najdbe (npr. 36-1).

Seznam 1:

- Najdbe, odkrite med dokumentiranjem leta 2012, pri-
trjene na lesenem ogrodju ladje, ostale so in situ. Oznacene
so s terensko oznako S (spojka) in z zaporedno §t. najdbe
(npr. S 34; glej sl. 15).

Kratice / Abbreviations:

St. na t. / No. on Pl = Zaporedna §t. na tabli / Succesive
Number on Plate

Dolz. / L. = Dolzina / Length

Sir. / W. = Sirina / Width

Deb. / Th. = Debelina / Thickness

Vis. / H. = Visina / Height

Ohr. / Surv. = Ohranjeno / Surviving (%)

TO / FC = Terenska oznaka / Field code

Op. / Note = Opomba / Note

Pr. glave / Diam. of head = Premer glave / Head diameter

T. 2-4:
- Najdbe, odkrite med dokumentiranjem leta 2012,
prostolezece, dokumentirane in pobrane. Oznacene so kot Eric
posebne najdbe (PN) in z zaporedno $t. najdbe (npr. PN 1).
Tabla 1/ Plate 1
(Leto / Year 2008)
ZELEZNE SPOJKE / IRON CLAMPS
St.nat./ Dolz./  Sir./  Deb./  Vis./ Ohr. / Surv. TO/ Op. /
No. on PI. L. W. Th. H. % FC Note
1 7,2 1,3 0,2 1,6 100 36-1 (KV 36)-1
2 6,7 1,2 0,2 2,1 100 36-2
3 5,2 1,4 0,2 1,9 100 36-3
4 54 1,4 0,2 2 100 37-1
5 6,3 1,6 0,2 1,9 100 37-2
6 7,1 1,7 0,2 1,4 100 37-3
7 6,4 1,5 0,2 1,9 100 37-4
8 6,8 1,5 0,2 1,3 100 37-5
9 4,6 1,6 0,2 1,6 100 37-7
10 6 1,4 0,2 2,2 100 37-8
11 7,6 1,4 0,2 1,6 100 37-9
12 6,3 1,4 0,2 2 100 37-10
13 6,5 1,3 0,2 1,5 100 37-11
14 53 1,3 0,2 2,1 100 37-12
15 6,5 1,4 0,2 1,8 100 37-13
ZELEZNI ZEBLJI / IRON NAILS
St.nat./ Dolz. / Deb. / Pr. glavice / Ohr. / Surv. TO/ Op. /
No. on PI. L. Th. Head diam. % FC Note
16 9,2 0,5 1,5 100 37-17
17 8,1 0,6 1,8 100 37-18



Zgodnjerimska ladja iz Ljubljanice pri Sinji Gorici

225

Tabla 2 / Plate 2
(Leto / Year 2012)

ZELEZNE SPOJKE / IRON CLAMPS (SI. / Fig. 16)

St.nat./
No. on PI.

TS0 ® N U AW -

e e
L NN U W N

=
\O

[
S

Dolz. /
L.

18,8
5
5

6,9
6,9
5,5
6,4
7,3
7,2
7,5
8,4
8,9
59
6,1
8,8
6,5
4,8
8,6

18,9

7,7

Sir. /
W.
3,5
1,4
1,7
1,7
1,5
1,5
1,9
1,9
1,6
1,6
1,5
1,7
1,7
1,4
1,4
1,6
1,5
1,4

1,7

1,4

Deb. /
Th.

0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

0,2

0,2

Vis. /
H.
2,5
2,4
0,8
1,8
2,4
2,3
2,2
2,3
1,8
2,1
1,8
1,8

2
2,2
1,7
1,9
1,9
1,8

3,2

2,1

Tabla 3 / Plate 3
(Leto / Year 2012)

ZELEZNE SPOJKE / IRON CLAMPS (SL. / Fig. 16)

St.nat. /
No. on PI.

SIS0 ® N U R W N -

e e e
A U R W

Dolz. /
L.

10,3
4,6
7,5
7,7
6,8
6,3
9,6
8,4
7,6
6,1
7,1
6,9
6,1
4,8
55
4,4

Sir. /
W.

1,5
1,7
1,8
1,7
1,4
1,4
1,7
1,4
2,3
1,5
1,5
1,5
1,4
1,7
1,6
1,5

Deb. /
Th.

0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,15
0,2
0,2
0,2
0,2
0,2
0,2
0,2

Vis. /
H.
1,6
2,8
2,6
2,1
1,8

2
1,4
2,2
1,9
2,2

2
1,8
2,2
2,2
1,8
2,1

Ohr. / Surv.
%
?
100
60
100
100
100
100
100
80
100
100
100
100
100
100
100
100
100

100

Ohr. / Surv.
%
100
100
100
100
100
100
100
100
100
100
100
100
100
100
80
80

TO/
FC
PN 3
PN7
PN 8
PN 9
PN 10
PN 12
PN 13
PN 14
PN 15
PN 17
PN 18
PN 19
PN 21
PN 23
PN 29
PN 30
PN 31
PN 32

PN 33
PN 34

TO/
E@

PN 35
PN 46
PN 48
PN 49
PN 53
PN 53
PN 53
PN 54
PN 57
PN 59
PN 60
PN 61
PN 62
PN 63
PN 64
PN 65

Op./
Note

SL. / Figs.
15,17

Op./
Note

b. k.
b. k.
b. k.
b. k.
SL / Fig. 15

b. k.
b. k.
b. k.
b. k.
b. k.
b. k.
b. k.
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ZELEZNI ZEBLJI / IRON NAILS (8L / Fig. 19)

St.nat./ Dolz. / Deb. / Pr. glave / Ohr. / Surv. TO/ Op./
No. on PI. L, Th. Head diam. % FC Note
17 12,5 0,8 ? 80 PN 4
18 11,5 0,5 1,7 100 PN 6
lega /
position:
19 8,6 0,7 1,7 100 PN 67 FT 1;
b. k.
Tabla 4 / Plate 4
(Leto / Year 2012)

POSEBNA NAJDBA / SMALL FIND PN 66

BOCNI TRAMIC / SIDE TIMBER ST 2 (SI. / Fig. 13)

St.nat./ Vis. / Stanje / TO/ Op./
No. on PI. H. Condition FC Note
PN 66 (=
(U0 ST 2%
(MC,,,) vrsta lesa
1 45 PN 66 / wood
690 % species:
Abies Alba

ZELEZNI ZEBEL] / IRON NAIL (SL / Fig. 19)

St.nat./ Dolz. / Deb. / Pr. glave / Ohr. / Surv. TO/ Op./
No. on P IL, Th. Diam. of head % EC Note
lega /
2 12,5 0,8 1,8 80 PN 66 position:
ST2

* Bocni trami¢ ST 2 je bil najverjetneje poskodovan oz. obsekan zato, da bi ga bilo mogoce lo¢iti od ¢olnice CG 2 / Side Timber 2
was most probably damaged or cut so as to be detached from Chine-girder 2.
b. k. = brez koordinat / without coordinates

u, . = Napojitvena vlaznost lesa / MC = Maximum Moisture Content

Seznam / List 1
Najdbe, ki so ostale IN SITU / Finds left IN SITU

(Leto / Year 2012)
ZELEZNE SPOJKE / IRON CLAMPS (Sl. / Fig. 15)
Kat. 8t. / Dolz./  Sir./ Deb./  Vis./ Ohr. / Surv. TO/ Op./
Cat. No. L. W. Th. H. % FC Note
1 5,6 1,7 0,2 ? 100 S1
2 7,2 1,5 0,2 ? 100 S2
3 7,1 1,7 0,2 ? 100 S3
4 7,2 1,6 0,2 ? 100 S4
5 7,6 1,5 0,2 ? 100 S5
6 6,1 1,5 0,2 ? 100 S6
7 4,8 1,4 0,2 ? 100 S7
8 6,8 1,5 0,2 ? 100 S8
9 7,9 1,6 0,2 ? 100 S9
10 6,8 1,4 0,2 ? 100 S10
11 7,2 1,8 0,2 ? 100 S11
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Kat. st. /
Cat. No.

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56

ZELEZNI ZEBLJI / IRON NAILS (SI. / Fig. 19)

Kat. $t. /
Cat. No.
57
58
59
60

Dolz. /
L.

6,2
59
7,7
6,7
6,2
6,3
8,4
6,2
7,3
6,6
7,1
6,3
52
6,5
6,3
7,1
5,7
5,1
3,9
6,9
8,6
58
7,2
7,3
51
7,9
6,3
7,4
7,6
6,7
7,1
6,1
7,2
7,5
6,8
8,1
7,1
6,7
6,2
?
6,8
5,4
5,8
7,2
7,1

Dolz. /

Sir. /
W.
1,8
1,4
1,6
1,6
1,7
1,9
1,7
1,5
1,8
1,7
1,5
1,6
1,7
1,7
1,4
1,4
1,7
1,4
1,7
1,5
1,6
1,5
1,7
1,7
1,6
1,4
1,8
1,6
1,5
1,9
1,9
1,8
1,8
1,7
1,8
1,7
1,9
1,8
1,8
1,7
1,6
1,7
1,9
1,9
1,7

Deb. /
Th.

0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2
0,2

Deb. /
Th.

B N LY

Vis. /
H.

?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?
?

?

Prem. glave /
Head diam.

1,5
1,6
1,5
1,5

Ohr. / Surv.
%
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
20
0
0
0
100
100

Ohr. / Surv.
%
100
100
100
100

TO/
FC

S12
S13
S14
S15
S16
S17
S18
S19
S20
S21
S22
S23
S24
S25
S26
S27
S$28
S$29
S30
S31
$32
S$33
S34
S35
S36
S37
S38
S39
S40
S41
S42
S43
S44
S45
S46
S47
S48
S49
S50
S51
S$52
S53
S54
S55
S56

TO/
FC
Z1
72
73
74

Op./
Note

ocena / estimate
ocena / estimate
ocena / estimate

Op./
Note
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Kat. st. / Dolz. / Deb. / Prem. glave/  Ohr. / Surv. TO/ Op./
Cat. No. L. Th. Head diam. % FC Note
61 ? ? 1,7 100 Z5
62 ? ? 1,7 100 76
63 ? ? 1,8 100 77
64 ? ? 1,6 100 78
65 ¢ ? 1,7 100 79
66 ¢ ? 1,6 100 710 SL / Fig. 20
67 ¢ ? 1,7 100 Z11 S / Fig. 20
68 ? ? 1,6 100 712 SL / Fig. 20
69 ? ? 1,6 100 713
70 ? ? 1,7 100 714
71 ? ? 1,7 100 715
72 ? ? 1,8 100 716
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1. INTRODUCTION

Fieldwork in 2008

In advance of maintenance work, more precisely
the right bank consolidation of the Ljubljanica River,
the Underwater Archaeology Division (hereinafter
SPA) of the Institute for the Protection of Cultural
Heritage of Slovenia (hereinafter ZVKDS) surveyed
a 200m long section of the river at Sinja Gorica
(Fig. 1: ¢).! The intensive underwater survey of
the potentially endangered riverbed (Heritage
Register Number 11420) along plots Nos. 1100,

! Eri¢, Gaspari 2009a; Eri¢ et al. 2009.

1125, and 1865/1, cadastral municipality Verd,
was performed under the auspices of the ZVKDS.2

The survey of 44 square grids revealed 2500
small finds, mostly fragments of prehistoric, Ro-
man, medieval, early modern, as well as modern
pottery and construction materials. Noteworthy
finds include an Early Roman Aucissa fibula, an
undated iron ingot weighing roughly 10kg and a
wooden Palaeolithic point, presumably part of a

2 The survey team consisted of Miran Eri¢, ZVKDS SPA,
Rok Kovaci¢, Marko Gaspari¢ and Oskar Musi¢, divers of
DRM Ljubljana, Gasper Kosir, Anze Ko$ir, Marjan Vidmar,
Zlatko Kova¢ and Matej Draksler, divers of the Trident
sports club, and Marko Gaspari, geodetic technician.
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45,000-year-old hunting weapon.? In the easternmost
part of the surveyed area, along Grid Squares 35
and 36, the survey also revealed the remains of a
wooden barge (Fig. 1: d; 2).* Its remains, consisting
of the left and right chine-girders, five planks of
the flat bottom and iron clamps, are lying horizon-
tally and continue at an angle into the sediments
of the river bank. Probably also belonging to the
vessel are the 15 iron clamps and two wrought
nails found scattered in close vicinity (P 1). The
survey determined the approximate width between
the chine-girders at 2.4m, which, together with
the obtained radiocarbon age, pointed to a 12 to
15m long barge from the closing decades BC or
the early decades AD.

Circumstances of find

This important find of a barge in the Ljubljanica
near Sinja Gorica (hereinafter barge from Sinja
Gorica) is not a complete surprise, for two reasons.
The first is the natural conditions in the moors of
the Ljubljansko barje and in the Ljubljanica, which
are very favourable for preserving wooden finds.
The hydrogeological and geomorphological con-
ditions in the Ljubljansko barje and in particular
the high groundwater level are favourable for the
preservation of all organic materials. A multitude
of logboats and other vessels thus came to be
preserved. We know of 76° vessels thus far, which
include the two earliest dendrochronologically
dated logboats (3211 and 3136 BC) from the Stare
gmajne pile-dwelling site, but also several logboats
dated to the 1% century BC and 1% century AD.”

% Gaspari, Eri¢, Odar 2011; 2012.

4 At a depth of 2.5m under mean water surface, at
an absolute altitude of 284.11m and GK coordinates of
y 446827, x 92200.

5 More on logboats and other types of vessels in
Hohenwarth 1838, 79, 87, 89; Dezman 1858; id. 1878;
Miillner 1892a; id. 1894; id. 1897; Melik 1946, 71, note
121; Curk et al. 1981; Mali, Vuga 1978; Eri¢ 1994; id.
1998; id. 2008; id. 2009a; and in an unpublished report
by I. Curk et al. (I. Curk, I. Nemec, B. Vi¢i¢, D. Vuga,
Elaborat - Analiza konservatorskega problema v zvezi z lesom
in drugimi organskimi ostalinami v arheoloskih najdiscih,
Zavod SR Slovenije za varstvo naravne in kulturne dedi$¢ine
[Ljubljana 1981]).

6 Velus$eek, Veranié, Cufar 2009.

7 Eri¢ 2008; the Vrhnika I (SI-60)/15t c. AD, Jeloviek
(S1-02)/1%t ¢. BC, Krtina I (SI-04)/1%t c. BC, Krtina II (SI-
05)/2"4 c. AD and Zitnik logboats (SI-06)/1% c. AD.

As early as October 1890, an important find
came to light in the area of Brezov log at Lipe,
on the estate of Josip Kozler. Digging a drainage
channel revealed a 30m long and 4.8m wide barge
(hereinafter barge from Lipe), which is considered
one of the best preserved vessels of the Roman
period. Alfons Miillner, curator in the provincial
museum in Ljubljana, documented the barge and
concluded that it was pre-Roman in date on the
basis of stratigraphy.® Much later, radiometric
dates attributed the barge to the second half of
1%t century BC or the very beginning of the 1%
century AD.? Because of its construction charac-
teristics, the barge is still frequently discussed by
the researchers of Roman shipbuilding.

The second reason for the find from Sinja
Gorica not being such a surprise is its location
— it came to light only 300m east of the Early Ro-
man settlement of Nauportus with warehouses, a
harbour and defence walls with a ditch, situated
in the bend of the Ljubljanica at Dolge njive (Fig.
1: a).1% The small finds show that this settlement
was abandoned in the first half of the 1% century
AD and the transportation activities and life re-
located to Breg (Fig. 1: b), on the opposite bank
of the river and along the main road (via publica)
between Aquileia and Emona. The numerous small
finds in the riverbed along the settlement, as well
as downstream reveal the importance of this area
for the military.!!

The riverbed of the Ljubljanica at Sinja Gorica,
where the barge was found, is 25m wide and
2.5-4m deep at mean water level. It is partially
cut into river alluvia and Late Pleistocene and
Early Holocene lacustrine sediments. The bottom
of the riverbed is mostly covered by extensive
deposits of sand and silt (Fig. 4: A,B). The river
bank between the ponds at Sinja Gorica and the
Ljubljanica is unstable and had to be reinforced
several times during the 20t century, by wooden
piles driven into the bank and the space behind
them filled with rough stones. This reinforcement
was gradually deteriorating in recent decades.

8 Miillner 1890a; id. 1890b; id. 1892b.

® More on barge and circumstances Gaspari 1998a;
id. 1998b; id. 2009a.

19 For more on the investigation, circumstances and
geostrategic position of the settlement see Logar 1984;
ead. 1986; Horvat, Kocuvan, Logar 1986; Horvat 1990;
ead. 1996; ead. 2009; Gaspari 2002; Musi¢, Horvat 2007.

11 More about finds Horvat 1990; ead. 1996; ead.
2009; Musi¢, Horvat 2007; Gaspari, Eri¢ 2002; id. 2007a;
id. 2007b; id. 2008.
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Fieldwork in 2009 and 2012

In May of 2009, the ZVKDS SPA conducted non-
invasive documentation of the barge also aimed
at establishing the state of its wooden remains
eight months after discovery.!? These were found
to be exposed to water flow erosion due to the
maintenance of the right river bank and therefore
exceedingly endangered.

On the initiative of the ZVKDS, the Slovenian
Ministry of Education, Science, Culture and Sports/
Ministrstvo za Solstvo, znanost, kulturo in Sport
provided, in October 2012, intervention funds
for documenting the barge and transferring it
to the state depository for waterlogged wood in
preparation in the nearby ponds. The task of the
ZVKDS SPA research team was thus to document
the remains of the vessel and to transfer them to
the depository. The team was made up of several
groups of collaborators and advisers, while a con-
siderable contribution to the fieldwork was also
provided by donations by the local community.!?

It took eleven members of the field team and
several assistants 150 diving hours in 23 days to
document the wreck and 36 hours to prepare the
wooden support construction of the depository.
The barge without cargo or objects identifiable as
boat equipment was cleaned of recent sediments
in the length of 4.2m (Fig. 3). On the eastern side
of the barge, the side plank could be followed for
another 3m, but was not documented due to safety
concerns (see Figs. 4; 10).

The surviving part of the barge was substantially
larger than expected, which caused the initial plan
to transfer the barge to the depository for water-
logged wood to be abandoned. We rather opted
for protection in situ; the cleared part of the barge
was documented and afterwards protected with a
thin layer of silt and sand, which was covered first
with a degradable anti-flood net made of jute and
then with sandbags.

Eri¢

2. STRATIGRAPHIC POSITION

The wreck rests in the part of the Ljubljanica
downstream from Dolge njive where the river has

12 Eri¢ 2009b; documentation was performed by Miran
Eri¢ and Rok Kovacic, the latter Golden Light Photography.
13 Eri¢, Sinkovec 2013.

an eastward course (Fig. 1). The uncovered remains
of the barge continue into the sediments of the
right bank under a 46° angle and in the direction
of approximately 292° to 112° (WNW-ESE), at an
altitude between 283.90 and 284.60m (Fig. 4). To
clarify the stratigraphic position of the remains
of the barge, three samples'* of the sedimentary
profile around the barge were taken from the
profile at altitudes from 283.80 to 284.70m. Iron
U-shaped profile, 0.5m long, was used for sedi-
ment sampling.

Samples 41 and 42 were extracted vertically
and Sample 40 horizontally (Fig. 4B). They were
examined macroscopically using a field magnifier
and tested with reagents.!® The analysis established
four stratigraphic units:

- Layer 4 was established in the lower part,
under the barge where the sample was taken, and
consisted of very fine-grained greasy clay without
a sand fraction, probably with only a small fraction
of silt and without calcium carbonate (Samples 40
and 41; Fig. 4: Layer 4; Fig. 5: Layer 4). This distin-
guishes it from the typical lacustrine sediment of
the Ljubljansko barje, i.e. the lacustrine chalk, and
we can conclude that it is exclusively terrigenous
material accumulating in the then existing lake.

- the up to 7cm thick “transition” Layer 3 (Fig.
5: Layer 3), lying between clay (Layer 4) and sand
(Layer 2), was most probably formed by gravita-
tional load at the contact between two different
sediments. Because of liquefaction, sand was be-
ing pushed into the clay; we could observe small
lenses of sand in the clay that represent static load
structures. However, the observed structures could
atleast in part be the consequence of bioturbation,
i.e. past activities of invertebrates.

- Layer 2 was a 26cm thick alluvial sandy sedi-
ment, discordantly deposited onto the clay of Layer
4 with a stratigraphic hiatus. Individual small clay
inclusions in the fine- to medium-grained sand
were probably rip-up-clasts moved by running
water (Fig. 5: Layer 2).

- the top Layer 1 was roughly 80cm thick (Sam-
ples 41 and 42; Fig. 5: Layer 1) and consisted of

14 Samples 40 (GK y 446821.849, x 92201.424), 41 (GK
y 446820.239, x 92199.93) and 42 (GK y 446823.6056, x
992199.099). The coordinates mark the lower edge of the
sampled spot (Fig. 4).

15 The description of the layers is taken after: unpublished
Report [On the analysis of sediment samples taken at the
Roman cargo ship in Vrhnika (October 2012)] by Tomaz
Verbi¢, Arhej d. o. 0., who conducted the testing and
analysis free of charge.
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medium- to coarse-grained sand without any vis-
ible sedimentary structures and with a multitude
of wood fragments. The sand was formed in an
alluvial sedimentary environment, i.e. as an al-
luvium. The lithological diversity of sand grains
indicates its origin in the valley of the Podlip$¢ica.

The barge was not completely uncovered along
its surviving side because of a poor condition of
the wood. The sediment that covered the barge in
the parts towards the river bank before cleaning
(see Fig. 10: Sediment 2) corresponds with the
description of layers above, while the sediment
along the interior of the barge side (see Fig. 10:
Sediment 1) included a large portion of wood frag-
ments and branches, and also proved to be much
more compact during uncovering and cleaning.

The documentation in 2009 also involved taking
a sample of the clay sediment for OSL dating!® in
close vicinity of the barge (Fig. 4: OSL). The result
showed the clay bottom, at an altitude 283.20m,
to be 17,000 + 1,600 and 9,000 + 1,300 BP old."”
The roughly 60cm of difference in altitude between
the OSL sample and Sample 40 (Fig. 4) indicates a
probable hydrogeological erosional deepening of
the bottom of the riverbed during recent millennia.

The barge rests on the clay Layer 4 and is sur-
rounded by layers of sandy alluvial backfillings
(2-1) that most probably originate from the valley
of the Podlips¢ica, possibly also from the valley
of the Bela.

Verbic, Eric

3. DOCUMENTATION

Photogrammetry in underwater archaeology
has a long history,!® on the eastern coast of the
Adriatic Sea as well.'” Its beginnings had the same
limitations as photogrammetry on dry land. It was
a lengthy process of taking underwater photo-
graphs in a manner to assure as much alignment
of photographs as possible, which was followed
in the laboratory by the search for correspond-
ing points in stereo pairs. This made underwater
photogrammetric documentation more expensive
than the manual or classic documentation, both

16 OSL = Optically Stimulated Luminescence; Gaspari,
Eri¢, Odar. 2012, 236.

17 Gaspari, Eri¢, Odar 2012, 236.

8 Drap et al. 2013.

19 Eri¢ et al. 2013.

because of the extensive underwater work and of
the painstaking laboratory processing.

Because of the limitations of time and money;,
the amount of photogrammetric measurements
was, in the past, never sufficient for them alone to
form the basis of field documentation and draw-
ings of small finds and thus completely replace
classic documentation. Modern computer-based
photogrammetric methods, however, allow enough
data to be captured to create a range or 3D image
consisting of a dense point cloud where each point
has all three coordinates. Groups of purposely
taken images from different viewpoints allow
the reconstruction of more or less complete 3D
models. All the constraints regarding the accurate
placement of cameras thus fall off. The camera can
be held in the hand without any additional equip-
ment, one must only capture a large enough set of
photographs with a roughly 75% pairwise overlap.
Computer software already exists that enables a 3D
model reconstruction even from video images. An
uncomplicated use in comparison with the classic
methods of documentation is also a feature that
makes this approach ever more frequently used
in archaeological research.

Today, underwater photogrammetric collection
of data is not only much more accurate and faster
than classic documentation, but because of the
shorter diving time necessary for taking photo-
graphs also faster, less expensive and safer. Of all
the methods of underwater 3D documentation,
photogrammetry has become the most useful.

To document the Roman barge from Sinja Gorica,
we used a photogrammetric recording method to
obtain a 3D model for the first time in Slovenia.?
The photogrammetric reconstruction from a set of
photographs is completely automatic and consists
of the following stages: identification of discrimi-
native points in individual photographs, search
of stable correspondence among these points in
different photographs, automatic calibration of a
set of photographs, construction of a dense cloud
of 3D points that best describes the information
available on input photographs and finally creation
of a triangulated textured network.

Such photogrammetrically derived 3D models
(Fig. 6) have proven to be very accurate, representa-

20 Dedicated photography was done by Rok Kovaci¢
(Golden Light Photography), 3D model was reconstructed
by Gregor Berginc (Xlab Research, 3dimenzija) using his
Mementify0oPHOV photogrammetric software (http://
mementify.com, http://phov.eu).
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tive and usable for further analysis. For a manual
documentation of the approx. 8m? large surface of
the barge, at least 25 hours of diving time would be
required, while it took only 3 hours to take dedicated
photographs in four different stages of investigation.
Sets of photographs were used to reconstruct three
different 3D models. A comparison of two of them
(Fig. 7), made in the Laboratorij za racunalniski vid
at the Fakulteta za racunalnistvo in informatiko,
Univerza v Ljubljani, confirmed the accuracy of the
documentation. The accuracy can be also confirmed
indirectly, during the preparation of the graphic
documentation from the obtained data. To verify
the process of documentation, all measurements
were also taken with a surveying instrument.

The potential of the data acquired in this way is
not limited to visualizing 3D models. In contrast
to 2D photographs, where the viewpoint is fixed,
and the already interpreted 2D plans, a 3D model
enables a simulated observation for study purposes
from any virtual viewpoint and of any recorded
surfaces and objects.?! The morphological prop-
erties of 3D point clouds, which are a complete
recording of the present state, open up countless
options for further analyses of the 3D model. This
is especially important because the investigation of
an archaeological site is usually physically limited
to the duration of the fieldwork and is later, if
preserved in situ, difficult to access or most often
destroyed. 3D models allow us to systematically
and in a planned way study, segment and classify
selected surfaces. Using automatic analysis of 3D
surfaces, we can search for specific features that
could otherwise easily be overlooked in situ. Also
important is the archival sustainability of digital
archaeological documentation, which forms the
basis for later study, interpretation and promotion.

Solina, Eri¢
4. DATING, WOOD IDENTIFICATION AND
WOOD CONDITION ASSESSMENT
Radiometric dating
The documentation of the barge involved taking
awooden sample from the bottom plank (BP 2; Fig.

8: AMS) for radiometric dating. This was performed
at the Beta Analytic Inc. in Miami using the AMS

21 Eri¢ et al. 2013; Stopinsek et al. 2013.

14C?22 method and the result estimated the age at
2040 + 40 BP (Beta - 249390). A second, repeated
dating of the same sample was performed at the
Radiocarbon Accelerator Unit at Oxford University
and the result estimated the age at 2143 + 26 BP
(OxA -19598). The results were calibrated with the
Intcal 04 computer programme,?* which gave the age
of 50 BC-AD 20 (10) or 110 BC-AD 60 (20) (Beta)
and 211-91 BC (10) or 206-157 BC (20) (OxA).

Wood identification
and dendrochronological dating

The investigation conducted in 2012 included
17 samples taken for wood identification and basic
wood analysis from the bottom planks, side planks,
chine-girders, floor-timbers, side timbers and
caulking (Fig. 8). To cause as little damage to the
wooden parts as possible, the samples were small,
usually only measuring a few cubic centimetres.

Wood identification process began by freezing the
water-saturated wood samples. This was followed
by cutting three 20um thick transverse, radial and
tangential slices from the samples. The slices were
laid onto glass slides, immersed in glycerine and
covered with a cover glass. They were analyzed
under the Nikon Eclipse E800 microscope. Wood
identification was performed using the identifica-
tion keys for the wood of European coniferous and
deciduous trees.*

The results showed that the sampled bottom
planks (BP 1-BP 5), a side plank (SP 1) and two
chine-girders (CG 1 and CG 2) were all made of
beech wood (Fagus sylvatica), which represents the
majority of the barge’s wood volume (Fig. 8). Only
smaller elements were made of other wood species;
the floor-timbers of ash (Fraxinus excelsior) and
elm (Ulmus sp.), and the side timbers of silver fir
(Abies alba) and alder (Alnus glutionosa).

Only two of the 14 samples? were large enough
for a dendrochronological analysis, namely Sample
23 from Bottom Plank 2 and Sample 34 from Side
Plank 1 (Fig. 8). The wood was first frozen and the
transverse surfaces of the wood smoothed with a
scalpel. The tree-ring width was measured using

22 Eri¢, Gaspari 2009; Gaspari, Eri¢ 2012.

23 Reimer et al. 2009.

24 Schweingruber 1990; Schoch, Schweingruber, Kienast
2004.

25 Samples 19, 26 and 28 were taken from the same
construction elements.
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a LINTAB measurement table, Olympus stereo
microscope and TSAP-Win software.

The bottom plank had 83 growth rings and the
side plank only 40. The tree-ring series were visu-
ally synchronized to establish the date of the vessel
and to cross-date it with the reference chronolo-
gies of the Oddelek za lesarstvo at the Biotehniska
fakulteta, Univerza v Ljubljani.?® Using several
reference chronologies from the Roman times in
Ljubljana (Tribuna site) and Vrhnika (Breg, Dolge
njive), the dating was successful and determined
the age of AD 3 of the outer growth ring. The best
match for the dating was with the TRIFA904 beech
chronology from the Ljubljana-Tribuna site, with the
time interval from 176 BC to AD 2. The dating was
confirmed with the following statistical parameters:
t-value after Baillie-Pilcher TVBP = 6.0, coefficient
of compliance (Gleichldufigkeit) GLK = 67*** and
overlap OVL = 83 years. The values of the dating
parameters are high and statistically significant,
which can probably be explained by the TRIFA904
chronology being based on beech samples originat-
ing from forests in the vicinity of Vrhnika.

The growth ring with the date of AD 3 is located
on the outer side of Bottom Plank 2. It does not,
however, determine the exact year of the barge
construction.?” If the dated growth ring was
originally just under the bark, then the determined
date would represent the last year of the life of
the tree before being felled. In this case, the barge
could be constructed in AD 3 or 4. However, the
appearance of the bottom plank does not allow
us to determine either if the growth ring was, in
fact, just under the bark or how many growth rings
were removed during wood processing and barge
construction. The date of AD 3 must therefore be
considered as terminus post quem, as the year after
which the tree was felled. To sum up, the results
of radiometric and dendrochronological dating
showed that the barge was probably constructed
in the decade after AD 3.

The dendrochronological analysis and the selection
of wood species suggest that local wood was used
for the construction of the barge. Beech, silver fir
and elm trees thrived in the forests of the Dinaric
Karst in the hinterland of Vrhnika, which includes
the southern fringes of the Ljubljansko barje. To
the contrary, alder and ash thrived mostly on the
floodplains of the Ljubljansko barje and the banks
of the Ljubljanica, similarly as today.

26 Cufar 2010.
27 Haneca, Cufar, Beeckman 2009.

Among the domestic wood species, beech
(Fagus sylvatica) is relatively high-density wood
(the average density of absolutely dry wood r,
is 680kg/m?) with good mechanical properties.
This means that the wood is solid and hard, but
has a low durability, classified in the lowest wood
durability class (5 - not durable).?®

Beech wood is therefore not commonly used
in ship and boat building, although it was oc-
casionally used, primarily for small construction
elements. Ships and boats built entirely of beech
are exceedingly rare.”® As mentioned above, the
use of beech wood is primarily discouraged by its
low durability, although water-saturated wood is
generally safe against infection with insects and
fungi.’® In density and mechanical properties,
beech wood is comparable to oak wood, while
the latter has a resistant heartwood (resistance
class 2 — durable).’! The main domestic species
of oak are sessile and pedunculate oak (Quercus
petraea and Quercus robur) with a mean density
of r, 650kg/m?*** Other wood species used in the
construction have the following properties: ash
(Fraxinus) - density 650kg/m?, durability class 5,
elm (Ulmus) - density 640kg/m?, durability class
4, alder (Alnus glutinosa) - density 510kg/m?, du-
rability class 5, and silver fir (Abies alba) — density
410kg/m?, durability class 4.%3

Of these, silver fir is the only conifer. The woods
of silver fir and alder have the lowest density and
are less solid and hard than the wood of ash, elm
and beech.

The facts presented above suggest that beech
wood was most probably selected for barge con-
struction because of its availability. One can also
surmise that in Roman times, as today, the demand
for oak was high and exceeded the supply. The
quantity of oak wood was limited due to the low
proportion of oak in surrounding forests. Because
of its resistant heartwood, oak was used for various
purposes, in particular for exposed constructions,
as well as ships and boats.** In the case of the barge
from Sinja Gorica, however, the readily available
beech wood was chosen to build the heavy and
robust vessel suitable for transporting heavy loads.

28 Tesar, Humar, Oven 2008; Cufar et al. 2012.

29 Radié Rossi, Boetto 2011.

30 Cufar et al. 2012.

31 Humar et al. 2008.
2 Merela, Cufar 2013.
33 Grosser, Teetz 1987; Lesar, Humar, Oven 2008.
3 Cf. Gaspari 1998a.

w
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Wood condition assessment

The condition of the wooden remains or their
degradation was assessed by observation under
a microscope and by determining the level of
moisture content (MC, ), which is based on the
mass of water relative to the absolutely dry wood.>®

The MC, , of the wood sample of the barge
was 690%, which indicates highly degraded wood
(Fig. 9). The English Heritage Guidelines on the
recording, sampling, conservation and curation of
waterlogged wood state that wood is very degraded
when MC,  is above 150%.%° For comparison,
MC, ,. of normal beech wood is about 110%, of
the beech wood from 4500-year-old pile dwell-
ings in the Ljubljansko barje was around 800%3’
and of the beech wood from several construction
elements of Roman ships found in the vicinity of
Naples around 450%.%8

Cell walls of the barge’s wood fibres are about
five times thinner than in normal wood, which
is the result of long-term exposure to erosive
bacteria.?® Microscopic analysis also showed a
decreased percentage of cellulose in cell walls and
an increased percentage of lignin.*0

The poor condition of the wood must be consid-
ered in the conservation plans for the vessel, par-
ticularly in view of the fact that the greatest danger
for waterlogged wood is exposure to air and thus
drying. Even during a very short exposure period,
the wood shrinks and warps, hence the barge as a
whole as well as individual construction elements
would deform. In addition, partially dried wood
also suffers biological degradation, which causes
complete destruction of the remains in a very short
time. The barge could be preserved by applying one
of the commonly used consolidants,*! but despite
advances in waterlogged wood conservation, no
known methodology can as yet assure long-term
preservation of such heritage.*? Moreover, the avail-
able methods are time consuming and expensive.
Considering the importance of the find, on the
one hand, and the reliability of the preservation

35 Cufar et al. 2008; Cufar, Merela, Eri¢ 2014.

%6 Brunning, Watson 2010.

37 Cufar, Tiler, Gorisek 2002.

38 Capretti et al. 2008.

39 Bjordal Gjelstrup 2012; Singh 2012.

40 Cufar, Merela, Eri¢ 2014.

41 The most widely used conservation procedures
involve soaking in polyethylene glycol, melamine or sucrose.

42 Cf. Christensen, Kutzke, Hansen 2012; Gregory,
Jensen, Straetkvern 2012; Hocker, Almkvist, Sahlstedt 2012.

methods and their cost, on the other, preservation
in situ thus seems to be the acceptable solution.

Cufar, Eri¢

5. BARGE CONSTRUCTION

Due to the described physical limitations, the
wreck was only documented in the length of 4.2m.
The exposed part of the vessel, which juts from
under the sandy sediment of the river bank, shows
that a part of it had already broken off at an earlier
occasion. Since the last examination three years
ago, the water flow has additionally damaged the
remains and parts of two bottom planks (BP 2 and
BP 3) have broken off. The recorded width of the
barge is 2.47m at the end that broke off and 2.88m
where it disappears under the sediment (Fig. 10).

Construction elements

The uncovered part of the barge is composed
of two chine-girders, five bottom planks, one side
plank, two floor-timbers and two side timbers
(Fig. 10).

Chine-girders

CG 1: the chine-girder of beech wood shows
degradation caused by the wreck’s position within
the riverbank, exposed to turbulent and erosive
activities. It measures 3.3m in uncovered length,
31cm in width at the exposed end and 37cm in
width in the part that continues into the riverbank,
thus widening by a factor of 1.19. The height could
not be measured because of the damage and only
a small part at the transition from the bottom
to the side part survives. It is 5cm thick at the
contact with Bottom Plank 1, 10cm thick at the
45° angle of the knee and 8cm thick at the other
end where it broke off. The chine-girder could be
followed under the sediments for almost another
3m, increasing its recorded length to 6.3m. Along
the contact with BP 1 in a width of 5-6cm, the
wood of the chine-girder was of a brighter colour
than elsewhere (Fig. 6: a, left; Fig. 10: C).

CG 2: the better preserved chine-girder, also of
beech wood, measures 4.15m in uncovered length,
32cm in width at the exposed end and 38cm in
width in the part that continues into the riverbank
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(widens by a factor of 1.18), as well as 34cm in
height. It is 5cm thick at the contact with Bottom
Plank 5,9cm thick at the 92-94° angle of the knee
and 6cm thick at the contact with Side Plank 1.
The longitudinal curvature of CG 2 and SP 1,
detectable in the 3D model as segment measuring
37m in diameter (Fig. 25: a), cannot positively be
attributed to the work of the ship builders and
can also be abrasion through river activity; the
length of the curved part of the barge is relatively
short and does not allow for certainty (Fig. 6: a,
right; Fig. 10: B).

Side and bottom planks

Similarly as the chine-girders, all bottom planks
and the side plank are broken off at the exposed
end of the barge. None of the bottom planks show
traces of working that would indicate possible
joints with other bottom planks or internal con-
struction with the exception of two floor-timbers.
Also similarly as for the chine-girders, all planks
(side and bottom) continue into the sediment of
the river bank (Fig. 6: a, right; Fig. 10: A,B).

SP 1: a single side plank of beech wood has
survived in the investigated part of the barge, in
the length of 2.5m. It is 6cm thick at the contact
with Chine-girder 2. It is heavily abraded and dam-
aged particularly in the exposed part, while more
of it survives towards the part that continues into
the sediment, where it reaches the height of 30cm.

BP 1: the bottom plank of beech wood is broken
off at the contact with Floor-timber 1. At this end,
it is 50cm wide, while it is 54cm wide at the op-
posite side where it continues into the sediment. It
measures 2.5m in uncovered length and 5-5.5cm
in width. The wood on both sides of the plank (at
the contact with CG 1 and BP 2), in width of 5 to
12cm, is of a brighter colour.

BP 2: upon discovery in 2008, the bottom plank
of beech wood survived in the length of about
3m, while roughly 40cm of it has been abraded
by the water flow in the years since then (the
same holds true for BP 3), measuring in October
2012 only 2.55m in length. The recorded width in
2012 was 36cm at the exposed end and 37cm at
the end that continued into the sediments, while
the thickness was 5cm throughout. The wood is
darker in the part along Floor-timber 1. Samples
of this plank were taken for radiometric (Fig. 8:
AMS) and dendrochronological dating (Fig. 8:
Sample 23), with the results of the former show-

ing a date between 50 BC and AD 20 and of the
latter a date of AD 3.

BP 3: the bottom plank of beech wood measured
2.4m in length (2.8m upon discovery), 35 and
38cm in width at either end, respectively, and 5cm
in thickness. The wood is darker in the middle
section, in the width of about 10cm.

BP 4: this beech wood bottom plank is the nar-
rowest, measuring 16cm in width at the exposed
end and 25cm at the opposite end. Its recorded
length is 2.75m and thickness about 5cm. The
wood has no darker areas.

BP 5: the longest surviving bottom plank of
beech wood measured 2.85m in length, 39 to
41cm in width and 5cm in thickness. The wood
has no darker areas.

All bottom planks taper slightly toward the sedi-
ment with an average factor of 1.06. This factor is
much greater (1.56) for Bottom Plank 4.

Floor-timbers

Of the internal construction (knees, ribs,
floor-timbers etc.), the barge only revealed two
floor-timbers (Figs. 8 10; 11) positioned 1.8m
apart. The first floor-timber (FT 1) is made of a
slim ash trunk with a diameter of 6.5-7.2cm and
a length of 2.6m. The second timber (FT 2) is
made of an elm trunk and measures 6.5-8cm in
diameter and 2.77m in length. Both timbers are
longitudinally cut in half and additionally thinned
to a thickness of 3-4cm. They were inserted into
the shell of chine-girders and bottom planks by
being fitted with their flat sides down into 2.5cm
deep grooves cut perpendicularly across the bot-
tom planks and chine-girders. With the ends of a
hexagonal cross section, they were inserted into
square holes cut into the chine-girders and kept
in place at each end with four wooden wedges
(Fig. 12: b) driven from the exterior into the gaps
so as to provide secure and watertight joints,
the latter additionally assured by plant caulking
(Fig. 12: a).

Side timbers

The documented partially surviving Side Tim-
bers 1 and 2 are positioned at the only existing
side (Fig. 13). The first timber (ST 1) measures
8.5 x 7cm in thickness and 31cm in height. The
second timber (ST 2) measures 9 x 7cm in thick-
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ness and 45cm in height. Both are rounded at the
joint with the chine-girder (CG 2) and thus closely
correspond with its curve (PL 4: 1, bottom). At the
height of 11cm from the bottom, ST 1 is nailed to
the side of the chine-girder (Fig. 13: right arrow).
ST 2, which could not be preserved in situ, has a
nail surviving at the height of about 39cm from
the bottom (Fig. 13: left arrow; Pl 4: 2); the nail
probably served to attach the timber to the side
plank (Fig. 13: a; PI. 4: a), while the part where a
nail of a similar function to that on ST 1 would
be expected, is broken off in the height of 26cm.

Caulking and joining

All seams between planks, chine-girders and
floor-timbers were caulked with braided stems
and leaves of grasses*> (Poaceae; Fig. 8: Sample
25; Fig. 14: a,b) and beech-wood chips (Fig. 8:
Sample 21; Fig. 14: ¢,d,e). Individual seams have
an average width of 1.2-1.5cm, with the narrow-
est seam measuring 0.6cm and the widest 1.8cm,
while the seam between BP 1 and BP 2 (Fig. 14: e;
see Fig. 8) measures as much as 2.8cm on average
(2.5-3.2cm) along the whole length.

The bottom and side planks are held together
with iron clamps. They are made of an iron band
and measure 3.9-10.3cm in length, 1.2-2.3cm in
width and 0.2cm in thickness, while the bent ends
are 0.8-2.8cm long (Tab. I).

We documented 53 clamps on the uncovered
part of the barge (Fig. 15; List 1), while three thin
grooves indicate further clamps (Fig. 15: g,h [Nos.
52-54]). In 2008, we collected 15 scattered clamps
in Grid Squares 36 and 37 (Fig. 4; Pl 1) and in
2012 further 37 (Fig. 16; Pls. 2; 3), which adds up
to a total of 105 recorded clamps.

The markedly varied dimensions of clamps
suggest that the shipbuilders made the clamps on
site. This is corroborated by most bent ends of the
clamps not being pointed, but rather rounded or
cut straight (PL 2:5,12,18).

The interior clamps are positioned at an average
interval of 32cm (more precisely from 17cm to
47cm) and bind the planks from both the interior
and the exterior (Fig. 15: a,b [Nos. 41, 55, 56]).

43 We thank Tja$a Tolar from the Institut za arheologijo
ZRC SAZU, Ljubljana, and Jernej Jogan from the Katedra
za botaniko in fiziologijo rastlin (Oddelek za biologijo,
Biotehniska fakulteta Univerze v Ljubljani), Ljubljana. A
more detailed analysis of the samples is still underway.

The exterior clamps were positioned at similar
intervals to the interior ones, as suggested by the
distance between Clamps 55 and 56 (Fig. 15). The
body of most was inserted into a groove previously
cut into the wood (Fig. 18); such grooves on their
own also indicate missing clamps (Fig. 15: g,h
[Clamps 52-54]).

The variously sized clamps, but also Clamp
25 being driven only into CG 1 (Fig. 15: e) and
Clamp 51 breaking off while being driven in (Fig.
15: ¢) indicate either a hasty or somewhat careless
construction of the barge.

The floor-timbers are fastened to the chine-
girders and bottom planks with iron nails (PL
3; List 1). The 2008 survey revealed two nails in
Grid Square 37 (PL. 1: 16,17) and investigation in
October 2012 yielded additional two nails (Fig. 19:
a,b; [PN 4, 6]; PI. 3: 17,18). These nails measure
8.1-2.5cm in length, 0.5-0.8cm in shank thickness
and 1.5-1.8cm in head diameter (Tab. 1). The
nails were driven under a roughly 60° angle from
alternate sides, through the floor-timbers into the
bottom planks (Fig. 20). Six nails were driven into
FT 1 and nine into FT 2 (see Fig. 19). Nails were
also used to fasten the side timbers to the plank-
ing. During documentation, ST 1 was still firmly
fastened to Chine-girder 2 (Fig. 19: Nail 7), while
ST 2 was only pressed against the side of the barge
by the surrounding sediment. This may be due to
an intentional damage to ST 2, which was cut off
in the lower half, in the height of 26cm, where it
was attached to the chine-girder at the transition
from the bottom to the side. The top part of this
side timber still holds a part of a nail (Fig. 19: PN
66; PI. 4: 2). The shape of the cut in this timber
suggest intentional damage, so as to detach it from
the side of the barge, because both timbers were
otherwise worked to fit into the interior curve of
the chine-girder.

Wood working, traces of use and other

Our investigation also revealed features that were
most probably not created during barge construc-
tion, but later, during the use of the vessel. The
most obvious are two perforations, in SP 1 and
CG 2, respectively. The former has a diameter of
10cm (Fig. 21: b) and is located almost in the axis
of FT 2. A lack of conclusive evidence prevents us
from determining its function with any certainty.
The location of the wreck in the sediments and
its exposure to the water flow through millennia
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have led to heavy abrasive damage of the partially
surviving west side plank, but we may nevertheless
speculate that the plank was perforated during use
(Fig. 22: b) and the hole possibly held a wooden
bar that connected both sides (see Fig. 26). The
hole appears similar to that on CG 2 positioned
over FT 1 and beside ST 1. The diameter of that
hole is 13cm (Figs. 21: ¢; 22: c).

The groove visible in BP 3, 4 and 5 (Fig. 21:
e) runs across the barge in the same line as the
hole in the side plank (Fig. 21: a), the possible
continuation of this groove in BP 1 and 2 is not
visible. The groove might represent the bedding
of a partition. A hemispherical indentation was
observed in FT 2 (Fig. 21: d), which might have
served as bedding for a round object.

The wood of the barge, particularly of its side
and bottom planks, is very degraded (see Fig. 9:
a,b), also evidenced by the numerous cracks, the
damage caused by a degrading cellular structure
and consequently the “reshaping” and adjusting of
the wood to the sediments (Figs. 21: f; 10: D,E).
We could nevertheless observe that SP 1 has an
indented edge (Fig. 21: g), though we cannot say
whether this is an intentional groove or the result
of water-flow abrasion; if it is intentional, it could
have served as bedding for an additional wooden
element between both sides of the barge.

The barge remains also included two small
wooden boards, lying across CG 2 and BP 5, the
function of which remains undetermined (Figs.
10; 23); we can even not be certain that they are
connected with the barge.

Eri¢

6. CONSTRUCTION SEQUENCE AND SHAPE
Construction sequence

Our investigation has led us to determine the
construction sequence of the barge as follows:

1. the outline of the barge was determined by two
symmetrically shaped chine-girders (CG 1 and CG
2) with a 1.19 and 1.18 factor of widening towards
the middle of the vessel. The widening factor of the
five parallel bottom planks (BP 1-5) is 1.06 and thus
lower, with the exception of BP 4 that widens by a
factor of 1.56. The joint between BP 2 and BP 3 runs
along the central axis of the barge, so that one half
of the bottom planking consists of two planks (BP 1
and BP 2) and the other half of three (BP 3-BP 5).

This suggests a planned shape of each element and
their pre-fabrication (see Fig. 10).

2. before joining the chine-girders and bottom
planks, caulking of beech-wood chips and plant-
fibre bundles was inserted in the seams. Individual
elements may have been fastened with clamps from
the interior already in this phase, though bottom
planks and chine-girders may also have been held
together by wedges stuck into stands at the outer
edges of the barge bottom.

3. this was followed by cutting grooves for clamps
across the interior joints between bottom planks, as
well as grooves for floor-timbers into the bottom
planks and chine-girders. The floor-timbers were
probably inserted through one of the holes in the
chine-girders and fastened to the bottom planks by
nails driven into the wood under an angle, while
the gaps between the holes in the chine-girders and
the ends of the floor-timbers were caulked from
the outside with plant fibre bundles in combina-
tion with small wooden wedges.

4. the next phase probably involved turning the
bottom upside down so as to fasten the clamps
from the exterior.

5. this was followed by adding the side timbers,
which could have been executed simultaneously
with the internal framework in other parts of the
barge, by adding the upper side planks and mak-
ing holes for the wooden bars.

6. in the end, if not before, clamps were attached
across the interior joints of the hull and on the
exterior of the sides.

Shape

The shape of the barge from Sinja Gorica was
compared with several flat-bottomed Roman boats
from the northern Mediterranean hinterland and
north-western Europe.** The curvature of the barge
sides was revealed to correspond well with that of
the barges from Lipe,** Bevaix, Yverdon-les-Bains
146 and Arles-Rhone 3% in roughly the first third
of the vessel, while it is not comparable to that of

44 The floor plans of selected boats were taken from the
NAVIS I web page (http://www2.rgzm.de/ Na-vis/home/
frames.htm), with the exception of the Arles-Rhoéne 3 boat
(http://www.daily motion.com/video/x13bti-arles-rhone-3-de-
la-fouille-a-la-restitution-du-chaland-gallo-romain-creation.
UVMTWULfATM) and the barge from Lipe (Gaspari 1998a).

4 Gaspari 1998a.

46 Arnold 1992.

47 Djaoui, Greck, Marlier 2012.
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the barges of the Rhineland group, which have a
sharp curve in both the first and the last fifth, i.e.
at the bow and the stern, and parallel sides in the
middle three fifths (Fig. 24).

The comparison with the selected vessels from
the northern Mediterranean hinterland (Fig. 25: a)
also revealed that they have almost the same diam-
eter of the side curvature at the same width (Fig.
25: b), with only the barge from Bevaix standing
apart. The width of the stern and the bow depends
on the length of the barge. However, whether these
four (or even five including the barge from Sinja
Gorica) vessels indicate the existence of a rule on
that subject remains to be determined, with either
a new find or a more detailed comparison.

Eri¢

7. COMPARATIVE ANALYSIS OF THE
BARGE’S CONSTRUCTIONAL AND
TECHNOLOGICAL CHARACTERISTICS
AND ITS PLACE IN THE REGIONAL
SHIPBUILDING PRACTICE

The 2012 fieldwork on the wreck and the re-
sults of the natural science research added to our
knowledge of the barge and also, in part, changed
previous conclusions.*® With the barge still par-
tially hidden under the sediments, however, even
these results must remain partial and temporary.

The open shape with nearly vertical sides, the
arrangement of the bottom and side planks, the
caulking and other construction characteristics
show a vessel of a size comparable with those of
Roman cargo boats.

The shape and construction of the vessel reveal
alongitudinal hull concept, which formed the basis
of the Mediterranean shipbuilding tradition till
the end of antiquity. This tradition involved first
building the hull and then the internal framework.
Within this tradition, the barge from Sinja Gorica
falls into the group of flat-bottomed boats of
bottom-based construction (construction sur sole).

The outline of the investigated part of the barge
shows that the surviving section was probably lo-
cated at one third of the whole length in relation to
either the bow or the stern. The absence of more
solid and densely arranged bottom framework
(such as alternating solid timbers and ribs or pairs
of solid timbers with knee-like side parts known

48 Gaspari, Eri¢ 2012.

from similar cargo boats) and the groove on BP
3-BP 5 parallel to FT 2 (Fig. 21: e), which could
indicate a removable partition, may be connected
with easy loading and cargo storing. The stability
of the sides against water pressure was ensured
either by transverse bars (Figs. 21: b,c; 26), if the
interpretation of the holes in the sides of the vessel
is correct, or by some other temporary framework.
In any case, the barge must have had additional
frame elements, otherwise its sides could not resist
the water pressure. The longitudinal strenght of
the planking is also questionable, as the widely-
spaced floor-timbers in the uncovered part of the
barge are only fastened with clamps and no addi-
tonal method or element, such as wooden dowels
(cloaks) or the mortise-and-tenon technique, was
documented. The existence of a more solid frame-
work is further suggested by the iron nails found
outside their original positions, among them also
a nail with a bent tip (Fig. 19: b [PN 4]; Pl 3: 17).

The newly-found barge from Sinja Gorica
importantly contributes to the knowledge of the
regional practice of building Roman cargo boats
of the inland type on the northern shores of the
Adriatic Sea and its hinteland. Together with the
roughly contemporary barge from Lipe,* which
is about 30m long, 4.8m wide and has 0.60m
high surviving sides, it ranks among the earliest
known evidence of the range and capacity of river
transport in the Roman times.*°

The barge from Lipe, where the use of old wood
caused some confusion in attempting to date the
barge with the radiocarbon method, was built in
the second half of the 1% century BC or the initial
decades of the 1% century AD, according to the
two youngest of the five analyzed samples.’! It is
considered a prototype of the so-called Romano-
Celtic cargo boats that are between 18 and 40m
long, up to 5m wide, and have a flat bottom, steep
and 0.5-1.2m high sides, a sloping bow and stern,
and made almost exclusively of oak wood. The
roughly 30 such boats known in the area between
southern France, lower Rhineland and the lower
Danube region date between the Augustan period
and the 3" century AD and can be ascribed to at

49 Gaspari 1998a; 1998b; 2009; Bockius 2000, 465-468.

50 The earliest known remains of a flat-bottomed river
boat are those of a sewn vessel from the 2nd century BC,
found in 2008 at Motta di Cavanella d'Adige in Veneto,
which the excavator ascribes to the Roman-Po tradition
(Tiboni 2009).

51 Gaspari, Eri¢ 2012, 295, PL. 1.
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least four regional shipbuilding traditions.’? The
applied technologies are predominantly Mediter-
ranean in origin, but certain constructional fea-
tures, such as moss caulking and the use of iron
nails, can be traced back to the prehistory of both
continental and Atlantic Europe. In the absence
of Celtic-period prototypes of plank boats, the
so-called Romano-Celtic boats are widely seen as
a Roman answer to specific conditions of inland
navigation and to a demand for increased capacity.

The Rhineland group of flat-bottomed barges
mostly consists of boats of an octagonal outline
with a long middle section with parallel vertical
sides and sloping ends for easier loading and land-
ing. A hydrodynamically more efficient ellipsoid
outline with tapered ends is characteristic of the
boats of the Rhone-Sadne group and of several
barges of the Alpine group from the lakes in west
Switzerland. The documented width-to-length
ratio, which is between 1: 5.7 and 1: 7.1, indicates
a certain standardization of proportions. A metro-
logic design is also visible in the regularly spaced
internal frame elements in some of the boats from
this group, positioned every 59-60cm, which cor-
responds to the length of two Roman feet (1 pes
monetalis = 29.6cm).

The construction of Romano-Celtic barges began
by first determining the outline and dimensions
of the bottom, followed by assembling bottom
planks either in longitudinal strakes or in an ir-
regular layout adapted to the available material.
The transition from the bottom to the predomi-
nantly vertical sides was made with the aid of
chine-girders, which held one or two side planks.
These planks were assembled either edge to edge
into carvel-built sides or with overlapping edges
into clinker-built sides. Even before side plank-
ing, pairs of transverse timbers were laid into the
floor with alternating knee-like transitions into
vertical ribs reaching to the top of the sides. The
framework could also be built using alternating
transverse timbers and ribs. The framework was
usually attached to the bottom planks with iron
nails, at places also wooden dowels were used.
The side planks were attached either before the
ribs, using an auxiliary framework, or afterwards,
in which case the side planks were attached to
the ribs. For assembling the planking, the classic
mortise-and-tenon technique was used in some
boats and nails individually hammered under an
angle in others. The planks were caulked with

52 See Bockius 2000; Guyon, Rieth 2011; Holk 2011.

moss, plant fibres or textile soaked in resin either
before assembly or afterwards, by caulking the
seams between the planks from the interior of
the vessel. The caulking was sometimes kept in
place with densely positioned iron nails or strips
of textile, individually also with iron clamps.

The key technological feature distinguishing
the barge from Lipe from other Roman river and
lake boats from Europe north of the Alps is sew-
ing, which was used to fasten individual planks
after these were caulked with bundles of lime
bast in the upper half of the seams (Fig. 27). The
cylindrical groove made in the side edge of one
of the planks is evidence of additional fastening
with wooden tenons/dowels,*® which made sew-
ing during construction easier and at the same
time prevented longitudinal movement of the
planks. The use of either dowels or coaks, which
resembles the presumably Phoenician technology
of fastening planks using the mortise-and-tenon
technique (coagmenta puniciana), represents a key
element of fastening the planking in the seagoing
vessels from the Greek cultural contexts [e.g. the
Marseille Jules-Verne 9 ship (585-550 BC; Fig.
28), the Bon-Porté ship found near Saint-Tropez
(530-525 BC), the Cala Sant Viceng ship from
the north-eastern shore of Mallorca (530-500
BC) and the Pabu¢ Burnu ship from the south-
western shore of Turkey near Bodrum (570-560
BC)],>* where sewing replaced the pegging of the
tenons of the joints of the presumably Phoenician
technology, prevented the spreading of the seams
and kept the caulking in place. In the later period
of the sewing technique, the wooden dowels were
mostly abandoned, possibly also in constructing
the barge from Lipe, or only used in select parts
of the planking, probably because the densely
arranged frame elements provided the necessary
longitudinal and transverse stability of the hull
and the whole vessel.>®

Continuous sewing, the earliest evidence of
which in the Mediterranean may be provided
by the ship from the Bay of Zambratija on the
western coast of Istria, found in 2008 and dated
to the beginning or the first half of the 1% mil-
lennium BC,*® persisted longest in Dalmatia, in
the northern Adriatic and the inland waters of its

53 Gaspari 1998b, 534, 541.

54 Polzer 2009.

55 Beltrame 2000, 93; Beltrame, Gaddi 2013, 299.
56 Koncani Uha¢, Uha¢ 2012.
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hinterland.”” Giulia Boetto and Corrine Rousse
noted that the stitching pattern on the barge from
Lipe is different and simpler than the cross (X
type)-stitching of the seagoing-lagoon (e.g. Valle
Ponti/Comacchio)®® and river vessels (e.g. Stella
at Precenicco)”® of the so-called Romano-Po tra-
dition, which is additionally marked by the use
of the mortise-and-tenon technique in the upper
parts of the hull, but also by the planking and the
framework being fastened with wooden dowels and
sewing. The two authors ascribed the barge from
Lipe to the so-called Romano-Illyrian tradition,
marked by zigzag and diagonal stitching and a
predominant use of wooden dowels. Other ships
of the latter tradition are those from Zambratija,
all three ships from Zaton near Nin (1°** century
AD)® and the ship from the Caska Bay on the
island of Pag (1%'-2" centuries AD).%! The adjec-
tive Illyrian of this tradition implies a pre-Roman
origin, substantiated by the Zambratija shipwreck,
but also by literary sources mentioning sewing as
a shipbuilding technique typical of the Histrians
and Liburnians® (see Tab. 2).

In comparison with the barge from Lipe, the
newly-found vessel from Sinja Gorica (Fig. 10)
shows several technological differences, which,
on the one hand, indicate the development of the
regional building of cargo boats and, on the other
hand, a hitherto unknown type of framework in
the form of slender floor-timbers set into grooves
cut into the bottom planks and protruding through
the walls of the chine-girders. At this stage of
research, however, it is not possible to determine
either the exact shape of the floor-timbers’ cross
section (rectangular, trapezoid?) or to check the
possibility of the timbers and corresponding
grooves to taper slightly so as to provide additional
stability of the joint.

The above-mentioned slender floor-timbers set
into corresponding grooves, which may not have
been used across the whole vessel and thus pos-
sibly combined with other framework elements,
resemble the swallow-tail joint, an ancient carpentry
technique known already in pre-metal periods of
European prehistory. It is known on wheels dating

57 Beltrame 2000; Marlier 2002; Beltrame, Gaddi 2013,
300-303, Fig. 1.

58 Berti 1990.

59 Vitri et al. 2001; Fozzati, Capulli, Castro 2012.

60 Brusié, Domjan 1985; Gluséevié 2004.

61 Radi¢ Rossi, Boetto 2011.

62 Boetto, Rousse 2011, 187-188, Fig. 9; ead. 2012.

between the Neolithic and the Iron Age, where
individual wheel boards were joined with two or
more transverse laths of a trapezoid cross section;
an example of this is also the Copper Age wheel
from the area of the Stare gmajne pile-dwelling
site near Verd in the Ljubljansko barje.®?

In shipbuilding, a similar technological solution
is known on vessels from the Bronze and Early
Iron Ages of Atlantic Europe, namely on the Do-
ver (roughly 1575-1520 BC), Ferriby 1 (roughly
1390-1130 BC) and Brigg boats (roughly 410-350
BC), where bottom planks are fastened either with
continuous sewing or individual lashes, but also
with transverse wedges inserted through holes in
massive clots made of unhewn parts of the planks.
This provided transverse stability of the bottom
planking, but also the longitudinal and vertical
alignment of the planks, which reduced shear
between individual planks.®

The distance between the two documented floor-
timbers of the barge from Sinja Gorica measures
1.78-1.82m. This corresponds to 6 Roman feet
(1.78m) and indicates the use of metric rules. The
timbers were attached to the planks with 8.1-12.5cm
long iron nails, which were hammered at an an-
gle from different directions and were similar in
both shape and size to the nails used in the barge
from Lipe.®> The documented part of the vessel
from Sinja Gorica did not allow us to determine
whether these pierced through the boards or not.
The former possibility is indicated by an 11.5cm
long nail with a bent tip (see Fig. 19: PN 6; Pl 3:
18), which was found lying on Floor-timber 1. We
did not observe the use of wooden dowels, which
distinguishes the barge from Sinja Gorica from
those from Lipe and the Kolpa at Sisak (Figs. 29;
30), where the floor-timbers were fastened to the
planking primarily or exclusively with dowels. On
the barge from Lipe, iron nails were used only to
attach the boards to the floor-timbers®® and, ac-
cording to Miillner’s documentation, only a few
of them reached through the planking, with their
tips bent against the underside.®” In contrast, the
construction of the barges of the “Romano-Celtic”
tradition from Gaul and Rhineland made extensive

63 Velusc¢ek, Cufar, Zupanci¢ 2009, 203-205.

64 McGrail 2001, 184-191.

65 Gaspari 1998a, 201, Fig. 21: 15-20.

%6 The traces of four nails in the ends of the surviving
planking of the Aquileia-Canale Anfora 2005 vessel could
indicate the spot where a rib/timber was attached to the
planking (Beltrame, Gaddi 2013, 299).

67 Gaspari 1998a, 202.
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Tab. 2: Technological features of the group of sewn boats from the central and northern Adriatic and related boats from
the regions in its hinterland.

Hull shape Plank fastening Framework.and Material
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use of iron nails (Fig. 31), which were usually ham-
mered from the interior through holes made in
advance through the framework and the planking,
and the protruding tips double-clenched into the
wo00d.%® On the boats from the Rhone-Sadne group
(Subgroup I), the bottom planks were hammered
onto the elements of the framework both from
the exterior and the interior, while in Subgroup
II, where the mortise-and-tenon joints between
bottom planks were used, they were fastened only
from the interior.®” An extensive use of iron nails
is also attested to in a few Mediterranean ships
from the Classical and Early Hellenistic periods,
but was later completely replaced by fastening the
framework to the planking with wooden dowels
and only a few individual iron or bronze nails
were used.””

A chine-girder hewn from a single piece of
wood that provided a continuous transition from
the bottom to the sides, the prevailing use of oak
wood and the use iron nails to fasten the planking
to the framework represent the distinctive features
of the barges of the Romano-Celtic shipbuild-
ing tradition. A more open design of the cargo
boats with sides angled 20-35 degrees from the
vertical axis, typical of shallow boats with carvel-
built planking (e.g. Lipe, Lyon-Place Tolozan),
dictated the use of chine-girders with a C-shaped
cross section, while deeper barges with L-shaped
chine-girders can either have carvel-built (Bevaix,
Pommeroeul 2, Yverdon-les-Bains 1, Sisak, Sinja
Gorica)’! or clinker-built side planking above
the chine-girder, the latter only appearing in the
Rhineland group. In contrast, the transition from
the bottom to the sides in the cargo boats of the
Rhone-Sadne group was made either with a half
of a tree trunk fastened to the exterior plank and
the ribs (Subgroup I) or with the lowest side plank
fastened to the side edge of the outer bottom plank
(Subgroup I1).7?

Another particular feature of the barge from
Sinja Gorica are the numerous iron clamps, which
joined individual planks at irregular intervals
of 18-25cm in the vessel interior, while some
clamps were also documented on the exterior of
the bottom and the sides. At least in the interior,
the clamps were set into prepared grooves, which

68 Bockius 2000, 453.
% Guyon, Rieth 2011, Fig. 4.
70 Bockius 2000, 453.
71 Bockius 2000, 471.
72 Guyon, Rieth 2011, 98-99.

is a solution resembling that in sewn ships where
the holes for ropes on the planking exterior had
a semicircular, trapezoid or rectangular notch to
house the rope.”?

The only comparisons for joining planks and
keeping the caulking in place with clamps are the
boat from the shores of the Danube in the area of
the fort of Aquae (Kusjak, near Prahovo) in the
Iron Gates’ and a wreck of a barge in secondary
use at the loading platform at the “Kovnica” site in
the riverbed of the Kolpa at Sisak (Fig. 29).”> The
continental cargo boats from Gallic and German
provinces did not reveal such use of clamps, though
some Rhineland barges (e.g. Zwammerdam 2,
Yverdon-les-Bains 1, Woerden 7) and two patrol
ships from Oberstimm in the Bavarian section of
the Danube (beginning of the 27¢ century AD)
revealed similar clamps used either to strengthen
specific sections, used for small repairs or to keep
in place the caulking usually inserted into seams
after the planking had already been assembled.”®

The boat from Kusjak, roughly dated to the
Trajanic period, revealed iron clamps at intervals
of 5-10cm along the interior joints between the
bottom and side planks, but in contrast to the
barge from Sisak, their sequence is interrupted
at places. In the barge from Sisak (Figs. 29; 30),
presumably built around the mid-3™ century AD,
clamps were used for the whole planking, placed
either perpendicularly or slightly obliquely across
the longitudinal and transverse joints of oak planks
every 4-7cm. These, up to 5cm long clamps are
very similar to those used in the barge from Sinja
Gorica, where most clamps measure 3.9-6cm. Also
similar is the plank size, which in the barge from
Sisak measure 25-40cm in width and roughly 6cm
in thickness, but also the caulking, which is made
of plant material in both barges.

The barge from Sisak (Fig. 29), surviving as a
roughly 7m long and 2.5m wide section of the
bottom with one side still 1.1m high, shows a
framework of solid oak timbers of rectangular cross
section positioned every 55-60cm and separated
by a pair of knee-like ribs of naturally bent wood.
According to the notes by the head of the 1985
excavation (Fig. 30), the transition from the bottom
to the nearly vertical side was executed with the
chine-girders with an L-shaped cross section, the

73 Beltrame 2000, 93.

74 Bockius 2001.

75 Gaspari, Eri¢, Smalcelj 2006.

76 Bockius 2002b, 52-54; Holk 2011, 39.
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inside of which was hewn into a circular shape and
thus similarly as in the barge from Sinja Gorica.
In shape, construction features and the choice
of wood, the barge from Sisak is close to the cargo
boats from the Gallic and German provinces, though
it is certainly a product of a regional tradition,
with technical roots in the northern Adriatic and
its hinterland. This conclusion is mainly based on
the arrangement of the clamps, with the intervals
similar to those between the holes in the edges of
planks in sewn ships; this has been observed already
by Ronald Bockius in his discussion on the boat
from Kusjak, while in the barges from Sinja Gorica
and Sisak this similarity is even more obvious.
Also typical of the Mediterranean practice is the
exclusive use of wooden dowels for fastening the
framework to the planking, the arrangement and
the slanted scarfs between planks in longitudinal
strakes, the alternating timbers and ribs, but even
more so the triangular notches cut into the bot-
tom side of timbers at places where they traverse
plank joints. This feature, also observable in some
of the barges of the Rhineland group (e.g. Zwam-
merdam 2, De Meern 1 and 4, Woerden 7),”” has
been interpreted as holes either for bilge water
discharge, for ventilation or to slow down the decay
of the ribs positioned over plank joints, though it
more probably represents carpenter’s marks, i.e.
without a practical value and merely as a reminis-
cence of a technical necessity on sewn boats and
ships where such holes held caulking material.”®
The prevailing wood species used in the con-
struction of the barge from Sinja Gorica is that of
beech, which is surprising in view of the otherwise
very rare use of beech wood in the antique and
traditional shipbuilding in the Mediterranean.”
Pliny the Elder does mention beech and walnut
wood among the species suitable for underwater
and underground construction, but explicitly states
their poor durability (N. h. XVI 79). In modern
carpentry, the properties of beech wood are simi-
larly described and the durability of fresh beech
wood in water is compared to that of larch wood.®
The planking of the seagoing ships of the ancient
Mediterranean was commonly made of coniferous
wood, in particular of various species of pine, cedar
and fir, rarely spruce. The use of deciduous wood
for the whole planking is thus a regional character-

77 Bockius 2000, 455, 465, 468.
78 See Bockius 2011, 54-55.

79 Rival 1991, 64-66, 86, Tab. 4.
80 Zalokar 1854, 302, 309.

istic, also appearing in several sewn ships. Beech
wood was used for the planking of the 9m-long
sewn ship from Caska,?! while a more durable ash
wood was used for the Zambratija ship and most
of the Roman-period sewn vessels found along the
coasts of Veneto and Friuli-Venezia Giulia (e.g.
Stella, Aquileia-Canale Anfora, San Francesco del
Deserto and Valle Ponti-Commachio).

The choice of beech wood for the barge from
Sinja Gorica and the light spruce wood, which is
difficult to work and not very durable in water,
for the planking of the barge from Lipe, indicates
the use of the tree species available locally in the
vicinity of the Ljubljansko barje.

Caulking with beech or other plant material
in the barge from Sinja Gorica is a constructional
feature of a Mediterranean origin. In sewn ships
from central and northern Dalmatia, caulking con-
sisted of bundles of lime bast and vines (?), while
sewing was done with ropes of flax and Spanish
broom (Spartium junceum L.). The Rhineland
group of Romano-Celtic barges is characterized
by caulking of moss, grasses or wood fibres,3? and
the Rhone-Sadne group by caulking of textiles
soaked in resin.®?

Of the flat-bottomed cargo boat, the elliptic
shape with more or less truncated ends appears
on the two barges from the Ljubljansko barje, but
also several river or lake boats of the Rhone-Sadne
group and of the geographically neighbouring
Alpine group. An almost identical curvature of
the water line to those established for the barges
from Lipe, Yverdon-les-Bains 1 and Arles-Rhone 3,
is also presumed for the barge from Sinja Gorica;
this indicates the existence of certain rules cre-
ated with the aim of providing an optimal ratio
between function (carrying capacity and type of
cargo), navigability and manner of propulsion,
but probably also with regard to the traditional
elliptic-pointed shape of boats and ships with run-
ning planking of the Mediterranean shipbuilding
tradition. This shape provided better navigability
to the flat-bottomed cargo boats, which means
higher possible speed and lesser propelling force,
as well as better manoeuvrability in comparison
to the angular boats of the Rhineland group
(so-called barques polygonales of Type A3 after
Béat Arnold).3* A wide hull with a deep draught

81 Radié Rossi, Boetto 2001, 509.

82 Bockius 2002a, 208-213, Tab. 1-2.
83 Guyon, Rieth 2011, 98-100.

84 Arnold 1992, 73-74.
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must understandably displace more water than a
slender hull with a shallow draught, which slows
down navigation. The latter is also slowed down
by the total hydrodynamic resistance caused by
the turbulent flow around the hull and the whirls
appearing when the water runs towards the area of
low pressure behind the stern; the pointed shape of
the stern reduces this wake, at least underwater.®®

Presuming that the water lines of the barges
from Sinja Gorica and Lipe correspond, taking
into account the width-to-length ratio of the barge
from Lipe (roughly 1 : 6.4; length 28.7m; width
4.5m), which is close to that of the Zwammerdam
6 and Woerden 7 barges,’ and considering the
recorded width (2.47-2.88m) and height (0.65m)
of the barge from Sinja Gorica, we can determine
that the barge from Sinja Gorica was 20m long
and 3m wide with roughly 0.7m high sides. The
presumed size is comparable with the 2.8m wide
Lyon/Parc Saint-Georges 2 and 8 boats, dated
to AD 55 and 210-215, respectively, from the
Rhone-Sadne group,®” which measured 18-25m
in estimated length. Of the barges of the Rhine-
land group, the size corresponds with that of an
almost 3m wide and 0.67m high barge from the
Roman port on the Haine river in Pommeroeul
(Belgium), which was dated to the second half
of the 1% or the early 2™ century AD,® but also
with that of the barge from the former meander
of the Waal river near Druten (the Netherlands),
dated to the end of the 2™ or the beginning of the
3'd century AD, of which the surviving segment
was 16m long and 2.8m wide in the middle and
1.72m at the end.®” However, individual completely
surviving boats, such as Arles-Rhone 3 from the
mid-1% century AD, nearly 3m wide and roughly
31m long (ratio 1: 10.5),%° or the 24.7m long and
2.7m wide Vleuten-De Meern 1 cargo boat (ratio
1:9.1), builtin AD 148, show that indexation can
only be used as an indication in reconstructing
the length of similar cargo boats.

The barge from Lipe probably never operated
at its full theoretical carrying capacity, estimated
at nearly 40 tons at 0.4m of draught.’! Its func-
tion is indicated by the two parallel strakes of

85 For the physics of navigation see e.g. Anderson 2003.
86 Holk 2011, 39.

87 Guyon, Rieth 2011, 94.

88 Boe 1978, 25-27.

89 Lehmann 1990.

%0 Marlier 2011.

1 Bockius 2000, Figs. 33 and 34.

floor boards, which presumably served to load
wooden barrels. The most common barrels from
contemporary contexts measure 1.9-2m in height,
which corresponds to the width of the cargo space
on the barge.”?> We can fairly safely exclude the
possibility of the boat carrying bulk and rough
cargo, because its loading or cleaning could dam-
age the relatively thin (3.5-4cm) spruce planks
and loosen the stitches. In the Arles-Rhone 3 and
Woerden 1 barges, the central part was furnished
with wood panelling attached to the floor-timbers
and side-knees, which suggests that it was intended
for sacks of foodstuffs or other goods that were
not to come into contact with bilge water.”® The
arrangement of the investigated part of the barge
from Sinja Gorica, which does not show any floor
elements of the framework with the exception of
a potential groove for a partition, could indicate
that it was intended for lighter or less voluminous
cargo, less susceptible to moisture (such as sand,
clay, bricks etc.). However, it seems more probable
that this part of the barge served as the cabin or
cooking area separated from the rest of the ves-
sel with a movable partition, similarly as on the
Vleuten-De Meern 1 cargo boat.

Gaspari

8. CONCLUSION

The similar function and appearance of the
two methods of joining planks and securing the
caulking, but also the geographic proximity of the
vessels from the Ljubljanica near Sinja Gorica, the
Kolpa at Sisak and the Danube at Kus$jak suggest
that the iron clamps represent a technological
solution that began very early, in the Augustan
period at the latest, to replace the demanding and
time-consuming sewing, which was soon probably
completely abandoned along the major rivers of
the Black Sea catchment area. This shift was most
likely brought about by the growing logistical
demands of supplying the army, which is also in-
dicated by the age of the barge from Sinja Gorica.
Its contemporaneity with the barge from Lipe
suggests that it is a product of shipbuilders who
either mastered or were at least knowledgeable of
both techniques, sewing and joining with clamps.

92 Gaspari 1998a, 215.
93 Bockius 2000, 478.
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The barge from Sisak, which most probably car-
ried heavy and cumbersome loads, indicates that
economic reasons caused the regional shipbuilding
practice in the Imperial period to shift towards the
construction of rigid cargo boats with an octagonal
outline, with massive and less artfully crafted con-
struction elements, as well as poorer navigational
properties. Regardless of whether these capable
vessels were used by the army, often managed by
private contractors, or intended for public trans-
portation, their construction was almost certainly
in the domain of the military and executed by the
amphibious units with qualified ship and boatbuild-
ers (fabri navales) attached to the legions.*

9. CATALOGUE
(Pls. 1-4; List 1)

The Catalogue presents construction elements, namely
clamps and nails. All are made of iron; hence the material
is not especially stated for each object (with the excep-
tion of Side Timber 2 that is made of wood and together
with the nail still in the timber represents the small find
marked as PN 66 [Pl 4]). Finds are kept in the Muzej in
galerije mesta Ljubljane.

Pl I:

- Small finds lying in the immediate vicinity of the boat,
documented and collected in 2008. Marked with the grid
square number and successive find number (e.g. 36-1).

Pls. 2-4:

- Small finds lying on and around the boat, documented
and collected in 2012. Marked with PN (special find) and
successive find number (e.g. PN 1).

List 1:

— Small finds fastened to the wooden remains of the
boat, documented in 2012 and left in situ. Marked with S
(clamp) and successive find number (e.g. S 34; see Fig. 15).

Abbreviations:

No. on Pl = Succesive Number on Plate

L. = Length
W. = Width
Th. = Thickness
H. = Height

Surv. = Surviving (%)
FC = Field code
Head diam. = Head diameter

All measurements are given in centimetres.
Eri¢

4 Bockius 2000, 482-485.
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T I: Ladja iz Ljubljanice pri Sinji Gorici (leto 2008). Vse Zelezo. M. = 1:2 (risba / drawing: J. Tratnik).
Pl 1: Barge from the Ljubljanica at Sinja Gorica (2008). All iron. Scale = 1:2.
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19 20

T 2: Ladja iz Ljubljanice pri Sinji Gorici (leto 2012). Vse zelezo. M. = 1:2 (risba / drawing: I. Murgelj).
PL 2: Barge from the Ljubljanica at Sinja Gorica (2012). All iron. Scale = 1:2.
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T 3: Ladja iz Ljubljanice pri Sinji Gorici (leto 2012). Vse zelezo. M. = 1:2 (risba / drawing: 1. Murgelj).
PL 3: Barge from the Ljubljanica at Sinja Gorica (2012). All iron. Scale = 1:2.
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PN 66

T. 4: Ladja iz Ljubljanice pri Sinji Gorici (leto 2012). 1 — bo¢ni trami¢ ST 2; 2 — Zebelj; a — domnevno mesto Zeblja.

1 les; 2 zelezo. M. = 1:3 (risba / drawing: I. Murgelj).
PI. 4: Barge from the Ljubljanica at Sinja Gorica (2012). 1 — Side Timber 2; 2 — nail; a — presumed original position of

the nail. 1 wood; 2 iron. Scale = 1:3.



