


TINA TURKIYE SUALTI ARKEOLOJISI VAKFI

KURULUSU:

AMACI

YONETIM:

1999 yilinda bir grup denizsever is adami tarafindan kurulmustur.

@ Tiirkiye ve denizlerimizdeki arkeolojik zenginlikleri diinya kamuoyu ve bilimsel kurumlara
anlatmak. Bu meyanda yurti¢ci ve yurtdis1 yayinlar, konferanslar, paneller, seminerler, agik
oturumlar, sempozyumlar, kurslar, fuarlar, senlikler, sergiler, festivaller, toplu inceleme gezi-
leri gibi sanatsal etkinlikler ve toplantilar diizenlemek.

@ T.C. Kiiltiir Bakanlig1 izni ve denetimi altinda yapilacak olan arastirma, kazi, konservasyon
ve sergileme faaliyetlerinde bulunan yurt i¢i ve yurt dist bilimsel kuruluglara, miizelere, ini-
versitelere destek saglamak ve saglanmasina yardimei olmak.

@ T.C. Kiiltiir Bakanlig1 izni ve denetimi altinda karasularimizda bilimsel metodlar ile giinii-
miiz teknolojik imkanlar1 nispetinde sualti aragtirmalari ve kazilar1 yapmak.

Sualt1 arkeolojik eserlerimizi tespit etmek, mevkilerini gerekli mercilere bildirerek korunma-
ya almmmalarini saglamak.

@ Hali hazirda bu konuda faaliyet gosteren miize ve kuruluslar ile igbirligi yapmak ve bunlara
destek saglamak. Bu tip miizelerin ve kiiltiirel faaliyetlerin cogalmasini saglamak, yeni giri-
simlere firsat verecek onlemleri almak.

@ Bu meyanda denizlerimizde goriilen ve hizla yayilmakta olan sualti kirliligini 6nleyici ted-
birler almak, alinmasini saglamak ve bu konuda diger kuruluslar ile isbirligi saglamak.

@ Vakif amag ve galisma konularindaki egitim ve 6gretim kurumlarini gelistirmek ve bu
amagla 6grenciler yetistirmek i¢in burslar vermek.
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*Oguz Aydemir

SUNUS

2020 yilint deprem ve koronaviriis ile karsilan Ttir-
kiye’de duran birgok etkinlige ragmen yaymimizin
ilk yart itibariyle ¢aligmasini tamamlamis bulunuyo-
ruz. Tirkiye Sualti Arkeolojisi Vakfi (TINA) bu sii-
recte gorev edindigi Kog¢ Universitesi’nde sualt1 arke-
oloji béliimiiniin (KUDAR Kog Universitesi Mustafa
Vehbi Ko¢ Deniz Arkeolojisi Arastirma Merkezi)
kurulusuna énayak olmasinin yan1 sira Izmir Urla’da
Ankara Universitesi yerleskesinde bulunan Ankara
Universitesi Mustafa Vehbi Kog¢ Deniz Arkeolojisi
Arastirma Merkezi’nin iki kurum tarafindan miistere-
ken kullanimi i¢in, birkag yil 6nce hazirlamis oldugu
protokoller ile, isbirligini gergeklestirecek antlasma
Ankara Universitesi senatosu onay1yla hayata gegiril-
mis bulunmaktadir.

Bir anlamda Vakfimiz kurucu Miitevelli {iyesi rah-
metli Mustafa Vehbi Ko¢’un diisiinceleri hayat bul-
mus olmaktadir. Vakfimiz girisimleri ile ger¢ceklesen
bu gelismelerde destek veren Ankara Universitesi
Rektorii Sayin Erkan Ibis ve Kog¢ Universitesi Rek-

torii Sayin Umran Inan beyefendilere Vakfimiz adina
tesekkiirlerimizi sunariz.

Bilimsel bir yayin ¢ikartma ve siirdiirme konusunda
titiz bir ¢alisma yiiriiten Vakif yonetimimizin bir diger
is birligini gergeklestirme konusunda baglattigi Akde-
niz Universitesi / Texas A&M Universitesi Sualt1 Ar-
keoloji Enstitiisii “Diinyanin En Eski Batigi Kumluca
Bronz Cag Kazis1” bu y1l Koronaviriis tehdidi nedeniy-
le gelecek yila ertelenmis bulunmaktadir. Keza Ulus-
lararas1 Mustafa V. Kog¢ Sualti Arkeoloji Sempozyumu
programi da gelecek yil yapilmak iizere iptal edilmistir.
Vakfimizin Bodrum Belediyesi ile miisterek patronajini
gerceklestirmek suretiyle diizenlenecek “3. Turgut Reis
ve XVI. Yiizy1l Akdeniz Denizcilik Tarihi Uluslararast
Sempozyumu” ise Ekim ayinda planlanmasi nedeniyle
yayin esnasinda akibeti heniiz netlesmemis durumday-
di. Bu konudaki gelismeleri en kisa stirede Vakfimizin
web sayfasindan duyuracagiz. Arkeoloji camiasi bu zor
donemi hayirlistyla geride birakip faaliyetlerine devam
etmesi ortak dilegimizdir.

Kenan Yimaz,
Oguz Aydemir,
Prof Dr. Umran Inan

* TINA Tiirkiye Sualti Arkeolojisi Vakfi Yonetim Kurulu Baskani
* Chairman of the Board TINA Turkish Foundation for Underwater Archaeology
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PRESENTATION

Herewith we’re completing the first half of our
periodical despite the stall in our country due to the
coronavirus outbreak and the earthquake disaster
that we had to go through in the first days of 2020.
During this period, The Turkish Underwater Arche-
ology Foundation (TINA) led the establishment of
the Underwater Archeology Department (KUDAR,
Mustafa Vehbi Kog¢ Maritime Archeology Research
Center, Ko¢ University) at Ko¢ University. Besides,
the agreement that will enable collaboration and joint
use of the Mustafa Vehbi Ko¢ Marine Archeology
Research Center of Ankara University located at the
Ankara University campus in Urla, Izmir based on
the protocols prepared a few years ago has become
effective with the approval of the Ankara University
Senate.

In a sense, the vision of the late Mustafa Vehbi Kog,
the founding trustee of Our Foundation, has come to
life. On behalf of Our Foundation, we would like to
thank Prof. Erkan Ibis, the Rector of Ankara Univer-
sity and Prof. Umran Inan, President of Ko¢ Univer-
sity, who both supported these developments through

¢ ."& -
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the initiatives of our Foundation.

“The World’s Oldest Shipwreck, Kumluca Bronze
Age Shipwreck Excavation” to be conducted with
collaboration of the Akdeniz University and the Tex-
as A&M University Underwater Archeology Insti-
tute, another endeavour initiated by the management
of Our Foundation which is also committed to a rig-
orous task of producing and maintaining a scientific
publication has been postponed to 2021 due to the
coronavirus threat. Likewise, the program for the
International Mustafa V. Ko¢ Underwater Archeol-
ogy Symposium has been delayed to the next year.
In the meantime, “the 3rd International Symposium
of Turgut Reis (Dragut) and the XVI. Century Med-
iterranean Maritime History” to be organized under
the co-patronage of Our Foundation and Bodrum
Municipality, has been planned for October, but not
clarified yet. We will announce the developments in
this regard as soon as possible on the website of our
Foundation. It is our common wish that the archeolo-
gy community will leave this difficult period behind
and resume their activities.

Kenan Yilmaz, Prof Dr. Erkan Ibis, Oguz Aydemir
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EDITOR
INA Denizcilik Arkeolojisi Dergisi’nin 2020 sa-
I yilarinda tema “Batik Gemi Konservasyonu” ola-
rak belirlendi. Tiim diinyaya zor giinler yasatan
Koronaviriis kiiresel salgimimin golgesinde yayina hazir-
ladigimiz dergimizin bu sayisinda, bilimi eve sigdiran
akademisyenlerin, uzmanlarin ve arastirmacilarin zen-
gin icerikli makalelerine yer verdik. Sualt1 arkeolojisinin
gelisimine kosut ilerleyen konservasyon ¢aligmalari, gii-
niimiizde her bir arkeoloji kazis1 i¢in olmazsa olmaz du-
rumdadir. Sualti buluntularinin iizerinin agilmasiyla bas-
layan ve giin 1518mna ¢ikartilmalartyla hizlanan bozulma
slireci, uygun miidahaleler gergeklestirilmedigi takdirde
hizli ve geri getirilemeyecek hasarlar ile sonu¢lanmakta-
dir. Ozellikle 1slak ya da suya doymus durumdaki orga-
nik sualti buluntularinda siire¢ ¢ok daha dikkatle takip
edilmelidir. Gemi ve tekne arkeolojisinin ilgi odagindaki
batiklarin incelenmesi ve sergilenebilmeleri igin ise ek-
siksiz bir konservasyon ve rekonstriiksiyon siirecinden

gecmeleri gerekir.

Biiyiik kiitlelerden olusan batiklarin koruma stiregleri
emek-yogun ¢aligmalari, finansman destegi, hepsinden
onemlisi bilgi birikimi, yetigmis uzman, ekipman ve tam
tesekkiillii laboratuvarlarinin kurulmus olmasimi gerek-
tirir. Organik sualti buluntularinda tercih edilebilecek
yontem sayis1 gorece olarak fazlayken; biiylik 6lgekli
suya doymus ahsap pargalardan olusan gemi batiklarinda
metotlar sinirlidir ve caligmalar 10 yillarca siirebilmek-
tedir. Iste bu noktadan hareketle, bu sayimizin konusunu
“Batik Gemi Konservasyonu” oldu. Diinyadan drneklere
yer verdigimiz 13. sayimizda halen miizelerde sergilen-
mekte olan batiklarin konservasyon metodolojilerindeki
yontem farkliliklarini da géz oniinde bulundurarak bir
secki gergeklestirdik.

Isve¢’te ziyaretcilerini kendine hayran birakan Vasa,
1961 yilinda sualtindan ¢ikartiligindan konservasyon
slirecinin tamamlanmasina kadar pek ¢ok ilkin yasan-
dig1 bir gemi. Her yil milyonun {izerinde ziyaretgiyi
agirlayan batigin gecmis donem konservasyonlarini da

** Mehmet Bezdan

iceren makalesi, bu miizede 14 yil ¢aligmis olan uzman
Emma Hocker tarafindan hazirlandi. Suya doymus ah-
sap konservasyonunun kidemli isimlerinden Kristiane
Streetkvern ve meslektast Anette Hjelm Petersen, Dani-
marka’daki Viking batiklarinin konservasyon tarihgesine
151k tutuyor. 1962 yilinda Skuldelev batiklarinin konser-
vasyonuyla baslayip Roskilde batiklariyla devam eden
50 yillik bilgi birikimi, biiyiik 6l¢ekli gemi kalintilarin
konservasyonunda dondurarak kurutma cihazinin basa-
riyla uygulandig1 Brede Laboratuvarlarinda devam edi-
yor. Norveg’te siirdiiriilen ve batik repertuvari olarak son
zamanlarin en biytik dl¢ekli projelerinden biri olan Oslo
Limani batiklar1, proje yoneticisi Hilde Vangstad ve Tori
Falck’un kaleminden sunuluyor. Alman bilim insanlari-
nin suya doymus ahsap konservasyonuna kazandirdiklart
melamin formaldehid (Kauramin) metodunda uzmanlas-
mis yegane isimlerden Markus Wittkdpper, Oberstimm
batiklarinin konservasyonunu ele aldi. Roman Germanic
Central Museum (RGZM) konservasyon laboratuvarla-
rinin (Mainz) melamin formaldehid reginesindeki 50 yil-
lik tecriibesi bu makale ile sunuluyor. Akdeniz sularinda
Israil’de kazis1 gergeklestirilerek konservasyonu tamam-
lanan ve sergilenen Ma‘agan Mikhael batigimim koruma
ve sergileme asamalar1 Deborah Cvikel tarafindan akta-
rild. Istanbul Universitesi uzmanlarindan Namik Kilig
ve Gokee Kilig, batik konservasyonunu destekleyici bi-
rer makale ile konuyu biitiinliiyorlar.

Yilin ikinei sayisinda agirlikl olarak iilkemizden ve
yine diinyadan diger dnemli batiklarin konservasyon
uygulamalarina yer verilecek. Kiiresel salgin siire-
cinde dijital yayimlarin ne kadar énemli oldugu bir
kez daha ortaya ¢ikti. Dijital olarak yayimlanacak, ar-
dindan tek bir ciltte basilacak olan TINA Denizcilik
Arkeolojisi Dergisi’nin “Batitk Gemi Konservasyo-
nu” tematik sayisinin, gerek bilim ¢evreleri, gerekse
konuya ilgi duyanlar ve 6zellikle de 6grenciler igin
onemli bir bagvuru kaynagi olarak kiitiiphanelerdeki
yerini almasi dilegiyle.

* Prof. Dr. Ufuk Kocabas. Orcid ID: 0000-0002-8489-929X, Istanbul Universitesi Edebiyat Fakiiltesi Taginabilir Kiiltiir Varliklarin
Koruma ve Onarim Béliimii Sualt Kiiltiir Kalintilarini Koruma Anabilim Dali, Ordu Caddesi, Laleli-Fatih, Istanbul.

* Professor Ufuk Kocabas. Orcid ID: 0000-0002-8489-929X, Istanbul University Letters Faculty Department of Conservation and Res-
toration of Artefacts Division of Conservation of Marine Archaeological Objects, Ordu Caddesi, Laleli-Fatih, istanbul-TURKEY.,

** Editor / Chief Editor: Mehmet Bezdan. mehmetbezdan@gmail.com
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EDITOR

e have determined the theme for both of

\ ;s / our 2020 issues to focus on “Shipwreck

Conservation”. While the corona out-
break challenges the entire world, our periodical
publication concentrates on the content-rich arti-
cles of academicians, experts and explorers whose
scientific studies were constrained to the boundar-
ies of their homes. The conservation awork which
develops in parallel with the underwater archaeol-
ogy has now become “indispensable” for each ex-
cavation. The degradation process begins with the
uncovering of underwater finds, and accelerates by
bringing these into daylight, therefore without the
appropriate intervention it results in rapid and irre-
versible damage. The process has to be controlled
much more closely particularly when wet or wa-
terlogged organic underwater finds are in question.
A flawless conservation and reconstruction work
is crucial for the exhibition of shipwrecks which
constitute the center of interest for ship and boat
archaeology.

The conservation processes of the wrecks, con-
sisting of large masses, require labor-intensive
studies, financial support, above all, knowledge,
trained specialists, equipment and fully equipped
laboratories. While the number of preferred con-
servation methods for organic underwater finds
is relatively high, this is rather limited in ship-
wrecks that consists mostly of large-scale water-
logged wood, and thus studies can last as much
as tens of decades. Considering all the above
mentioned facts, and their importance for that
matter, we decided to prepare this issue of our
periodical exclusively on “Shipwreck Conser-
vation”. In our 13th issue, which includes ex-
amples from the world, we made a selection by
considering the differences in the conservation
methodologies of the shipwrecks that are being
exhibited in museums.

Vasa, which fascinates its visitors in Sweden,
is a ship where many first things were experi-
enced from the time it was removed from under-
water in 1961, to the completion of its conser-
vation process. Covering its past conservations,
the article prepared by Emma Hocker, an expert
who worked 14 years in this museum, is about
the Vasa shipwreck, which welcomes over a
million visitors every year. Kristiane Straetkvern
and his colleague Anette Hjelm Petersen, se-
nior names in waterlogged wood conservation,

shed light on the con-
servation history of
Viking  shipwrecks
in Denmark. Start-
ing with the conser-
vation of Skuldelev
shipwrecks in 1962
and continuing with
Roskilde shipwrecks,
50 years of know-
how gains momen-
tum at the Brede
Laboratories where
the freeze dryer was
successfully applied
in the conservation
of large-scale ship
remains. The article
on one of the most recent large-scale projects in
Norway, Oslo Harbor shipwrecks are available
as a shipwreck repertoire from the project man-
ager Hilde Vangstad and Tori Falck. Markus Wit-
tkdpper, one of the few experts of the method of
melamine formaldehyde (Kauramin), developed
by German scientists for the conservation of
waterlogged wood, discussed the conservation
of Oberstimm shipwrecks. The 50-year experi-
ence of the Roman Germanic Central Museum
(RGZM) conservation laboratories (Mainz) on
melamine formaldehyde resin is presented with
this article. The preservation and display stag-
es of the Ma‘agan Mikhael shipwreck, whose
excavation was completed and exhibited in the
Mediterranean waters in Israel, was reported by
Deborah Cvikel. Namik Kili¢ and Gokge Kilig,
experts from Istanbul University, complement
the topic with articles supporting the shipwreck
conservation.

The second issue of the year will comprise the
conservation practices of other important ship-
wrecks from our country and the world. Once
again, the importance of digital publications has
become evident during the global epidemic pro-
cess. Wishing that the thematic issue of TINA
Maritime Archeology Journal, which will ini-
tially be published digitally and subsequently
printed as a single volume, will take its place
in libraries as an important reference source for
both scientific circles and those interested in the
subject and especially for students.

1
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OZET

17. yiizy1l isveg savas gemisi Vasa, bilindigi iizere
1628 yilinda Stockholm limanindan ayrilmaya
calisirken daha ilk seferini yaparken batmuisti.
Limanin dibinde gecirdigi 333 yildan sonra 1961
yilinda batigin govdesi cikarilarak, kazisi yapilmis,
polietilen glikol (PEG) ile konservasyon iglemi
uygulanmigti. 1988 yilinda gemi Stockholm’un
merkezinde insa edilen Jasa Miizesi’nde
sergilenmeye baslamisti. Yaklasik on yil sonra
ahsabin yiizeyinde beklenmedik bir sekilde asidik
tuz yayilmasi olusmasmin ardindan ahsabin
yapisinin - kimyasal ve fiziksel dayanikliligini
incelemek amaciyla bir dizi yeni arastirma
girisiminde bulunulmustu. Bu makalede s6z
konusu aragtirmalar 6zetlenerek son 20 yilda batig
korumak amaciyla alinan uygulamali ve koruyucu
konservasyon dnlemleri aktarilmaktadir.

17. YUZYILDA VASA

Vasa gemisinin dykiisii, kuzeni Polonyali Sigismund
ile savas halinde olan Isve¢ Krali II. Gustav
Adolf’un ikisi biiytk, ikisi kiiciik olmak {tizere
dort savas gemisi yapimi igin iki Hollandali gemi
yapimcist ile sozlesme imzaladigi 1624 yilinda
baslar. Biiyiik gemilerin birincisine Isvegge vase
olarak adlandirilan bir bugday demetini igeren aile
armasinin adi verilmisti. Adi geminin lizerinde hig
goriinmese de, bugday demeti sembolii geminin
kic tarafindaki heykel siislemesinde tekrar tekrar
kullanilmistir (Fig. 1). Agirlikli olarak meseden
(Quercus robur) yapilan genel bir giiverte ve 64
bronz topun bulundugu iki silah giivertesinden
olusan Vasa, zamaninda diinyanin olmasa da Kuzey
Avrupa’nin en gii¢lii savas gemisiydi.

ABSTRACT

The 17"-century Swedish warship, Vasa, famously
sank on its maiden voyage in 1628, while attempting
to leave Stockholm harbour. In 1961, after 333 years
on the harbour bottom, the hull was raised, excavated
and conserved using polyethylene glycol (PEG).
In 1988, the ship was placed on display inside the
purpose-built Vasa Museum in central Stockholm.
After the unexpected development of acidic salt
outbreaks on the surface of the wood about a decade
later, a series of new research initiatives was set in
motion to examine the chemical and physical stability
of the wooden structure. This article summarizes
this research and describes practical and preventive
conservation measures undertaken over the last two
decades to preserve the ship.

VASA IN THE 17TH CENTURY

The story of Vasa begins in 1624, when the Swedish
King Gustav II Adolf, who was at war with his
cousin Sigismund of Poland, signed a contract with
two Dutch shipbuilders for the construction of four
warships, two large and two small. The first of the
large ships was named after the family coat-of-
arms, which contains a sheaf of wheat, called in
Swedish, vase. Although the name never appears on
the ship, the wheatsheaf symbol is used repeatedly
in the sculptural decoration at the stern (Fig.1). Built
predominantly of oak (Quercus robur), a common
and with two gun decks of 64 bronze cannon, Vasa
was the most powerful warship in Northern Europe,
if not the world, at that time.

* Emma Hocker, Kidemli Konservator, Gustavianum, Uppsala Universitesi Miizesi, Akademigatan 3, SE-753 10 Uppsala, isvec.
* Emma Hocker, Senior Conservator, Gustavianum, Uppsala University Museum, Akademigatan 3, SE-753 10 Uppsala, Sweden.
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Tarihi kayitlara gore 6mrii kisa siirdii. Agustos 1628
tarihinde sakin bir giinde Stockholm limaninda
Kraliyet Saray1’nin agiklarinda, biiyiik bir olasilikla
yola ¢ikmak {izere top atistyla sarayr selamlarken
demir aldi. Bu nedenle, lombarlar1 agikti ve ilk
seferine ¢ikmaya 1500 m kala ani bir riizgar geminin
yan yatmasina neden olarak suyun iskele tarafindaki
alt lombarlara girmesine sebep oldu. Gemi, birkag
dakika igerisinde, limandan ayrilmasini izlemek
icin toplanan kalabaligin gzl oniinde, i¢indeki 30
yolcu ve miirettebat ile birlikte Stockholm limaninin
dibine batti. Takip eden aylarda ve yillarda gemiyi
kurtarmak i¢in ¢esitli girisimlerde bulunuldu.
1660’11 yillarda toplarin biiyiik bir ¢ogunlugunun
cikarillarak Avrupa’daki ¢esitli iktidarlara teklif
edilmis olmasma ragmen, aslinda akibetleri tam
olarak bilinmemektedir.! Isve¢ Donanmasi ve 6zel
bir kurtarma sirketinin yer aldig1 biiyiik bir projede,
modern c¢ikarma ekipmanlar1 kullanarak gemi
govdesinin deniz yatagindan ¢ikarilmasini basarmak
ancak Nisan 1961 yilinda gergeklesmistir.? Yiizeye
cikarilan batik, yakindaki bir kuru havuza tagmarak
yiizen bir samandira iizerine almmistir (Fig. 2).
Takip eden bes ay icinde arkeologlardan olusan
bir ekip geminin biitlin gilivertelerinde tek tek kazi
gerceklestirmis, bu calismalar sirasinda ahsabin
kurumasin1 engellemek i¢in teknenin iizerine su
puskiirtiilmiistiir.

1 Metallerinden faydalanmak i¢in eritilmis olma ihtimalleri
gliclii olmasina ragmen Vasa nin toplarma ne oldugunun aras-

tirllacagi bir proje hazirlanmaktadir.
2 CEDERLUND-HOCKER 2006, 217-290.

Fig. 1: Vasa’nin
giiniimiizdeki pupa
goriiniimii. iki aslan
Isve¢’in armali kalkanini
tutuyor, merkezde “vase”
bugday demeti.

Fig. 1: The stern today.
The two lions hold
Sweden’s coat-of-arms,
in the centre of which, is
a vase.

As history records, this was to be short-lived. On a
calm day in August 1628, the ship left its mooring
outside the Royal Palace in Stockholm harbour,
probably firing a salute as it set sail. Consequently,
the gun ports were open, when, about 1500 m into
its maiden voyage, a sudden gust of wind caused
the ship to heel over, allowing water to enter the
lower gun ports on the port side. Within a few
minutes, in full view of the crowds gathered to
watch its departure, the ship sank to the bottom of
Stockholm harbour along with about 30 passengers
and crew. Over the following months and years,
various attempts were made to salvage the ship, and
in the 1660s, the majority of the cannon were raised
and offered to various European powers, although
what actually became of them is unknown.' It was
not until April 1961 that a major project involving
the Swedish Navy and a private salvage company
succeeded in raising the hull from seabed, using
modern lifting equipment.> Once on the surface, the
ship was moved to a nearby dry-dock and placed on
a floating pontoon (Fig. 2). Over the following five
months, a team of archaeologists excavated the ship,
deck by deck, while water was sprayed over the ship
to prevent the wood from drying out.

1 A project is now underway to investigate what happened to
Vasa’s cannon, although there is a strong possibility that they

were melted down for their metal.
2 CEDERLUND-HOCKER 2006, 217-290.
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AHSABIN DURUMU

Her ne kadar ¢ikintili gagabasi (civadranin altindaki
uzun c¢ikma), kigtaki galeriler ve st giiverteler
kirilmis, lombar kapaklarindan dagilan ¢ok sayida
heykel ve aslan yiizii betimlemeleriyle birlikte
denizin tabaninda yatiyor olsa da, geminin govdesi
biiyiik oranda saglamdi. Bunun nedeni, Stockholm

limaninin  asidik  kosullarmin  bu  bilesenleri
yerinde tutan demir ¢ivi ve crvatalart paslandirmis
olmastydi.* Su akimtilarindaki tortular nedeniyle
biraz ylizey asinmasi olmasina ragmen, limanin
dibinde gecirdigi 333 yi1l gbz Oniine alinirsa ahsabin
kendisi nispeten iyi goriiniiyordu. Cevredeki suda
oksijen seviyelerinin diisiik olmas1 sayesinde
mikrobiyel ¢iirlime yiizeyde 1-2 cm ile smirli olacak
sekilde ortalama diizeydeydi; selilloz ve hemi-
seliiloz bilesenleri bozunarak geriye zayif bir lignin
iskelet kalmist1.* Neyse ki Baltik Denizi ¢ok soguk
oldugundan ve 1lik sularda batiklara ciddi oranda
zarar verebilecek olan Teredo navalis deniz kurdu
ve diger aga¢c kemiren yumusakgalarin (mollusca)
yasamasina yarayacak tuzu c¢ok az igerdiginden,
gemi daha istilact hasarlardan kurtulmustur.
Ahsaplarin ortalama nem igerigi % 150 civarindaydi
(her bir 1 kg ahsap i¢in yaklasik 1.5 kg su); taze mese
ise her ne kadar biiyiik oranda degiskenlik gosterse
de, % 120 civarinda bir nem igerigine sahiptir.’

3 ARRHENIUS 1967, 3.
4 Cikarimlar konservatorlerin son gézlemlerine dayalidir.
5 BARKMAN 1975, 65-104.

18

Fig. 2: Vasa kuru havuza
alindiktan sonra ek
ylizdiirme araglartyla
takviye ediliyor.

Fig. 2: Vasa, soon after
entering the dry dock,
assisted by extra flotation
devices.

WOOD CONDITION

The hull was largely intact, although the prominent
beakhead (the long balcony under the bowsprit) and
galleries and upper decks at the stern had broken
off but lay in the seabed, along with many of the
sculptures and lion face decorations from the gun
port lids. This was because the acidic conditions of
Stockholm harbour readily corroded the iron nails
and bolts which held these components in place.’
The wood itself appeared to be in relatively good
condition, considering the 333 years on the harbour
bottom, though there was some surface abrasion due
to sediments in the water currents. Thanks to the low
oxygen levels in the surrounding water, microbial
decay was on average limited to the surface 1-2
centimeters, degrading the cellulose and hemi-
cellulose components and leaving a weak lignin
skeleton.* Fortunately, the ship was spared more
invasive damage, since the Baltic Sea is too cold and
contains too little salt for the survival of shipworm,
Teredo navalis, and other marine wood-boring
molluscs, which can severely damage shipwrecks in
warmer waters.

The average moisture content was about 150%
(about 1.5 kg water for every 1 kg wood substance),
compared with fresh oak, which has a moisture
content of about 120%, although this Figure varied
greatly.’

3 ARRHENIUS 1967, 3.
4 Conclusions based on conservators’ later observations.
5 BARKMAN 1975, 65-104.



Gemilerde  yapisal-olmayan  bilesenler igin
kullanilan bazi ¢am (Pinus sp.) kerestelerin nem
icerigi % 800 idi. 1958 yilinda geminin gévdesinin
kaldirma islemine dayanip dayanamayacagin
test etmek i¢in yapilan mekanik testler, Vasa’nin
ahsaplarinin taze mese ile karsilagtirildiginda basing
dayanimi, kesme dayanimi ve ¢arpma dayaniminin
yaklasik % 40’11 halihazirda kaybetmis oldugunu
gostermistir.® Ne yazik ki bagil nem (RH) gibi test
kosullar1 raporlanmamugtir; bu yiizden giiniimiizde
benzer dayanim dl¢limleriyle dogrudan karsilastirma
yapmak mimkiin olmamistir. Kurumasma izin
verilen test Orneklerinde birlestirici maddelerin
gerekli olduguna isaret eden ciddi biiziilme ve
catlamalar gozlemlenmistir.

KONSERVASYON VE REKONSTRUKSIYON

Vasa  c¢ikarilldiginda suya doymus  ahsap
konservasyonu alani daha oldukga yeni bir disiplindi
ve uygulanan islemlerle ilgili basvurulacak az
sayida ornek vardi. Daha 6nce kii¢iik boyutlu ahsap
eserlere uygulanan islemlerde gliserin, kreozot, sap
(alum)” ve keten tohumu yag1 (sonuncusu Norveg’in
Oslo kentindeki Viking gemilerinin islemlerinde
kullanilmigtir®) gibi bir dizi malzeme kullanilmig
olsa da, hi¢ kimse yaklasik 800 ton gelen bu
kadar biiylik 7 katli bir yapmnin konservasyonunu
yapmaya kalkismamusti. Italya’da Nemi Golii’nde
bulunan 70 metre uzunlugundaki gemiler gibi daha
biiylik suya doymus batik buluntular1 bilinse de, bu
buluntular bilinmeyen bir regine ¢ozeltisiyle islem
yapilmasina ragmen elementlere maruz kalmistir;
trajik bir sekilde 2. Diinya Savasi’nin sonunda ¢ikan
bir yangnla tahrip olmuslardir.’

Vasa’nin konservatorleri iki olasi kimyasal madde
iizerinde durmustur: karboksimetil seliiloz (ahsap
seliilozdan elde edilen ve Hollanda’da arkeologlarin
kullandig1 bir madde) ve Isve¢’te yas ahsabi
dayanikli hale getirmek i¢in gelistirilen ve Vasa’nin
heykellerinin bazilarinda iyi sonuglar alinan yeni
bir madde."

6 Yayinlanmamis makale, Svenska Traforskningsinstitutet, 1958.
7 BRORSON CHRSTENSEN 1970.

8 ROSENQVIST 1959, 13-22.

9 CARLSON 2002, 31.

10 HAFORS 2001, 47.
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Some pine (Pinus sp.) timbers, which were used for
non-structural components in the ship, had amoisture
content of 800%. Mechanical tests undertaken in
1958 to determine whether the hull could withstand
lifting showed that Vasa wood had already lost
about 40% of its compressive, shear and impact
strength compared with fresh oak.® Unfortunately,
the testing conditions, such as relative humidity
(RH), are not reported, so it is hard to make direct
comparisons with similar strength measurements
today. Test samples which were allowed to dry out
showed severe shrinkage and cracking indicating
that a consolidating material was necessary.

CONSERVATION AND RECONSTRUCTION

The field of waterlogged wood conservation was still
quite new when Vasa was raised, and there were few
precedents to consult regarding treatment. Although
a range of materials had been used previously to
treat smaller archaeological wooden objects, such
as glycerol, creosote, alum’ and linseed oil (the last
to treat the Viking ships in Oslo, Norway?®), no one
had yet attempted to conserve such a large, intact,
7-storey structure, weighing about 800 tonnes.
Although larger waterlogged ship finds were known,
such as the 70-metre-long ships found in Lake Nemi
in Italy, these had suffered from exposure to the
elements despite treatment with an unknown resin
solution; tragically they were destroyed by fire at
the end of World War I1.°

Vasa’s conservators looked at two possible
materials: carboxy-methylcellulose (derived from
wood cellulose and used by archaeologists in the
Netherlands) and a new material developed in
Sweden to stabilise fresh wood, which had given
good results on some of Vasa’s sculptures.'”

6 Unpublished report by Svenska Tréaforskningsinstitutet, 1958.
7 BRORSON CHRSTENSEN 1970.

8 ROSENQVIST 1959, 13-22..

9 CARLSON 2002, 31.

10 HAFORS 2001, 47.
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Polietilen glikol (PEG) bir dizi molekiiler agirlikta imal
edilen suda ¢oziinebilir sentetik bir polimerdir; PEG
6000 ve 4000 gibi daha uzun zincirli molekiiller oda
sicakliginda sert balmumu 6zelligi tasirken, PEG 400 ve
200 gibi daha kisa uzunluktaki zincirler yumusak ve sivi
haldedir. Molekiiler agirlig1 daha yiiksek olan PEG’ler
molekiiler agirlig1 daha diisiik olanlardan daha az su
tutma 6zelligine (higroskopik) sahiptir ve sert balmumu
halinde kuruyarak daha iyi yiizey korumasi saglarlar.
Gemi halihazirda suyun digina ¢ikarilmis oldugundan,
yiizeyde catlama izleri gozlendiginden ve uzun siireli
testler uygulamaya fazla zaman olmadigindan, 1962 y1l
baharinda cesur bir sekilde gemiye bu yeni materyalle
islem uygulamaya baglama karar1 alimmustr.

Geminin yapist ¢ok iyi korundugundan ahsaplari
tek tek sokiip islemden gecirmenin ¢ok karmasik ve
gereksiz olduguna karar verildi. Diger alternatif, PEG
cozeltisini ylizeyin lizerine plskiirtmekti; ancak bu
durumda islemi yapmak ¢ok daha uzun siire alacakti.
Hala yiizer durumdaki samandira iizerinde bulunan
geminin {izerine bir ¢at1 insa edilerek, Nisan 1962’de
konservasyon caligmalarina baglandi. Gemi baglangigta
su lizerine ¢ikartildigi zamandan beri ortaya g¢ikan
kiif salginlariyla basa ¢ikmak igin pentaklorofenol
mantar Onleyici ¢ozeltiyle spreyleniyordu; ancak
Temmuz ay1 itibariyle % 15 PEG 4000 ¢ozeltisi ve %
6 borik asit/sodyum borat ¢dzeltisi iceren bir mantar
onleyici kimyasala doniiliirken, binanin igindeki bagil
nem yaklasik % 85’¢ c¢ikarildi." Piiskiirtme islemi
1965 yilina kadar elle yapiliyordu, bu tarihten sonra
otomatik bir spreyleme sistemi yerlestirildi (Fig. 3).
Piiskiirtiiciiler halkin gemiyi incelemesine ve gevseyen
ahsap ve heykellerin yeniden birlestirilmesine olanak
saglayacak sekilde periyodik olarak kapatildi. Sahadan
malzeme ¢ikarmak icin daliglara bes sezon daha devam
edildi. Aslinda gagabasi ve kigtan o kadar ¢ok malzeme
cikarilmigti geminin {izerine insa edilen ¢atinin her iki
ucta da uzayan rekonstritksiyona uymasmi saglamak
icin genisletilmesi gerekti.

Ne yazik ki yiiksek molekiiler agirhikli PEG 4000
otomatik sistemin piiskiirtme memelerini tikadig1
icin Mart 1965°de ¢ozelti PEG 1500’e (%10 ¢ozelti)
degistirildi.'”? Konservatérler yillar igerisinde farkli
molekiiler agirliklarin uygunlugunu test etmeye devam
etmis olup, 1972 yilinda testler daha kii¢iik molekiillerin
ahsaba daha derin niifuz edebildigini gosterdiginden
konservasyon c¢ozeltisine PEG 600 eklenmistir. Bu
asamada puskiirtmelerin siklig1 da azaltilmis, birlesik
bir havalandirma ve iklimlendirme tinitesi kurulmus;
ancak piiskiirtmenin tamamen birakilmasi i¢in bir yedi
yil daha gegmesi gerekmistir.

11 HAFORS 2001, 58.
12 HAFORS 2001, 65.
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Polyethylene glycol (PEG) is a synthetic, water-
soluble, polymer that is produced in a range of
molecular weights; the longer chain molecules, such
as PEG 6000 and 4000 are solid waxes at room
temperature, while the shorter length chains, such
as PEG 400 and 200 are soft waxes and liquids. The
higher molecular weight PEGs are less hygroscopic
than lower molecular weights, and dry to a hard wax,
thus providing better surface protection. Since the
ship was already out of the water and showing signs of
surface cracking, and there was little time to conduct
long-term testing, in spring 1962, a brave decision was
taken to start treating the ship with this new material.
The ship structure was so well preserved, that
dismantling and treating the timbers individually
was considered too complicated and unnecessary.
The alternative was to spray the PEG solution over
the surface, a decision that would result in a much
longer treatment time. A roof was built over the ship,
which was still on its floating pontoon, and in April
1962, conservation began. The ship was initially
sprayed with solution of pentachlorophenol fungicide
to deal with mould outbreaks, which had developed
since the raising, but by July, this was changed to a
15% solution of PEG 4000 and a fungicide of 6%
boric acid/sodium borate solution, while the relative
humidity inside the building was raised to ca 85%."
Spraying was initially carried out by hand until 1965,
when an automatic spray system was installed (Fig.3).
The sprays were turned off periodically to allow the
public to view the ship and to allow loose timbers and
sculptures to be reattached. Diving operations had
continued for another five seasons to raise material
from the site. In fact, so much material was retrieved
from the beakhead and stern that the roof over the ship
had to be extended at both ends to accommodate the
expanding reconstruction.

Unfortunately, the high molecular weight PEG 4000
clogged the spray nozzles of the automatic system,
and so in March 1965, the solution was changed
to PEG 1500 (10% solution).”> The conservators
continued to test the suitability of different molecular
weights over the years, and in 1972, PEG 600 was
added to the conservation solution, as tests showed
that the smaller molecule was able to penetrate deeper
into the wood. The frequency of the sprayings was
also reduced at this time, and a combined ventilation
and air conditioning plant was installed, although it
was to be another seven years until the spraying was
discontinued entirely.

11 HAFORS 2001, 58.
12 HAFORS 2001, 65.




Fig. 3: 1965 yilinda otomatik piiskiirtme sistemi monte edilmeden 6nce gemiye elle piiskiirtme uygulaniyor.
Fig. 3: Hand-spraying the ship before an automatic spray system was installed in 1965.

PEG kullanimmi ge¢ anlayip, daha fazla deneyim
kazanarak artik 6ncelikle daha diisiik molekiiler agirliklar
kullanmanin daha iyi oldugunu biliyoruz. Yapilan
aragtirmalar bunlarin hiicre duvarlarina girerek hiicre
duvarmin ¢ekmesini azalttigini ve icten destek saglayan
hidrojen baglanmasi yoluyla hiicre duvarlariyla bag
kurabildiklerini gdstermistir. Bu nedenle yapisal destek
saglamak ve hiicre ¢okiigiinii 6nlemek amaciyla ahgabin,
agirlikli olarak hiicre limeninin igindeki bosluklar
doldurmak amaciyla daha sonra yiiksek molekiiler
agirlikli PEG’ler uygulanir.” Ayrica, Avrupa mesesi
(Quercus robur ve Q. petrea) konservasyonu Ozellikle
giic olan bir agac¢ tiirlidiir. Bu aga¢ tilirlinii ideal bir
gemi yapim ahsabi yapan ozellikleri, yani yogun yapisi,
clirimeye karst milkemmel dayanikliligi ve dogal tiloz'
olusumuyla damarlar1 bloke etmesi suyun, dolayisiyla
konservasyon sivilarinin ahsabin igine taginmasini
engellemektedir.

13 HOFFMANN 1984, 95-116
14 Tiloz, susuzluk veya enfeksiyon sirasinda bazi ahsap tiirlerinin
damarlarinda olusan membran kabarciklardir.

With hindsight and with more experience using PEG,
we now know it is better to use the lower molecular
weights first. Research has shown that they enter
the cell walls, reducing cell wall shrinkage, and
can bond with the cell walls by means of hydrogen
bonding, which provides internal support. The
higher molecular weight PEGs are therefore better
applied later to bulk out the voids within the wood,
mainly the cell lumen, to provide structural support
and to prevent cellular collapse.”® Furthermore,
European oak (Quercus robur and Q. petrea) is a
particularly difficult wood species to conserve. The
very features that make it an ideal shipbuilding
timber - its dense structure, excellent rot-resistance
and the blocking of vessels by the natural formation
of tyloses'* - hinder the transport of water, and
consequently conservation fluids, into the wood.

13 HOFFMANN 1984, 95-116
14 Tyloses are membrane bubbles, which form in the vessels
of certain wood species during drought or infection.
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Islemin ne zaman sonlandirilmasi gerektigi
konusundayapilanbir¢ok tartisma sonrasinda Ocak
1979 tarihinde piiskiirtme islemine son verilmistir.
Ahsaptaki ortalama nem igerigi yaklasik %
12’1ik istenen hedefe ulasmis ve ahsaplarin daha
fazla PEG emmedigi gozlemlenmistir. Olgiim
istasyonlar1 (pim ciftleri ve daha sonra dijital
kumpaslar) sonraki dokuz yillik kademeli dogal
kurutma doneminde c¢ekmeyi izlemek amaciyla
geminin govdesine monte edilmistir. Bu sirada
bagil nem % 95 civarindan % 60 civarina diismiis,
ylizey katmanina elle PEG 4000 (yaklasik % 45
konsantrasyonda) piiskiirtiilmiis, sonrasinda sicak
hava tifleyicilerle yiizeyde erimesi saglanmustir.'s
Yirmi civarinda uygulama sonrasinda ahsapta
kalin mum kapli bir tabaka olusmus; yiizey
ozellikleri, boya kalintilart ve alet izleri ortiilmis,
ancak sert bir koruyucu perdah elde edilmistir.
Bu sirada, Vasa’nin konservasyonun yapildigi
yerden ¢ok uzak olmayan eski bir kuru havuz
alaninda yeni bir miize insa edilmekteydi. Aralik
1988 tarihinde hala yiizen samandira iizerinde
tutulan gemi acgik giineybati duvarindan dogru
hafif manevralarla buraya taginmistir; bu taginma
siklikla Vasa’nin tek basarili yolculugu olarak
adlandirilmaktadir (Fig. 4).

After much debate about when to finish treatment, in
January 1979, the spraying was stopped. The average
moisture content in the wood had reached the desired
goal of ca 12% and the wood appeared installed over
the hull to monitor shrinkage during the subsequent
nine-year period of gradual air-drying. During this
time, the relative humidity was reduced from ca 95%
RH to 60%, and a surface layer of PEG 4000 (ca 45%
concentration) was sprayed by hand and then melted
into the surface using hot air blowers.!> After as many
as 20 applications, this built up as a thick waxy layer,
obscuring surface features, paint remains and tool
marks, but providing a tough protective finish.
Meanwhile a new museum was being constructed
in an old dry-dock not far from Vasa’s conservation
facility. In December 1988, the ship, still on its floating
pontoon, was gently manoeuvred through the open
southwest wall, in what is often described as Vasa’s
only successful voyage (Fig. 4). The pontoon was
incorporated into the basement of the building and
converted to provide climatized store-rooms for the
majority of Vasa’s finds. The full weight of the ship is
still carried by the concrete pontoon structure, which
rests directly on bedrock. The structural integrity of
the concrete has been investigated and is currently no
cause for concern, but monitoring continues.

Fig. 4: Aralik 1988’de konservasyonu yapilan gemi yeni miizeye taginiyor.
Fig. 4: The conserved ship is moved into the new museum in December 1988.

15 HAFORS 2001, 76-83.
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Samandira binanin bodrumuna dahil edilerek Vasa’daki
buluntularin biiyiik bir ¢ogunlugu i¢in klimali depo
alanlar1 olarak kullanilacak sekle dondstiriilmiistiir.
Geminin tam agirligini halen dogrudan ana kayaya dayali
durumdaki betondan yapilmig bir samandira yapisi
tasimaktadir. Betonun yapisal biitinliigii arastirilmig
olup, su anda endige uyandiracak herhangi bir bulgu
olmamasina ragmen izlenmeye devam edilmektedir.
Reskonstriiksiyon ~ ¢aligmasmnin =~ son  asamasini
direklerin montaji olusturmustur (Fig. 5). On ve ana
direkler orijinal, mizana diregi ise replikadir. 25 m’lik
uzunluguyla kurtarma ¢aligmalarinin niinii kestiginden
on direk aslinda 1956 yilinda batik alanindan ¢ikarilan
ilk malzemedir. Ana direk ise 29 m uzunlugundadir,
ancak gilivertede kopmus durumda bulunmustur. Ortasi
kare seklinde, 11 parca kaplama ahsaptan yapilmistir.
Bu ahsaplara konservasyon uygulanmustir; ancak
direkler gemiye takilirken yeni bir tasiyici gekirdege
baglanmstir. Alt direkler ise daha sonra donatilmistir.
Halatlar yeni olmasina ragmen, donanimin ¢ogu, makara
ve bogatalar orijinaldir.

Ozet olarak, Vasa’nin govdesine neredeyse 17 yil
boyunca (1962-1979 arasi) piiskiirtme yapilmis, ardindan
on y1l stireyle kontrollii kurumaya birakilmistir. Bu siire
icerisinde gemiye 240 tonun iizerinde PEG (4000, 1500
ve 600 molekiiler agiliklarda) ve neredeyse 15 ton bor
tuzu piskirtilmiis olup, baslangigtaki mikrobiyolojik
ciirimenin derecesi ¢ok degisken olmasina ragmen,
aslinda Vasa’nin ahsaplarinin PEG’in tam olarak ne
kadarin1 emdigini belirlemek kolay degildir.'® Vasa’daki
PEG kullanim1 6rnegini, yapimin tamamina piiskiirtme
uygulama (6rn., Mary Rose, Portsmouth, UK'") veya
Akdeniz’deki batiklarin ¢ogunda yapildigr gibi batik
elemanlarini demonte edip, tank icerisinde igleme
sokarak, bagka batiklar takip etmistir.

16 HAFORS 2001, 68.
17 JONES 2003.

Fig. 5: Kasim 1993’de geminin az
sayidaki yeni bilesenlerinden biri
olan mizana direginin montaji.

Fig. 5:.'~I:'nstalling the mizzen mast in
November 1993, one of the few new
components in the ship.

The final stage of reconstruction involved installing
the masts (Fig. 5). The fore and main masts are
original, while the mizzen mast is a replica. The fore
mast was in fact the first item lifted from the wreck
site in 1956, because at 25 m long, it was in the way
of the rest of the salvage efforts. The main mast is
about 29 m long, but had broken off at the deck. It was
made of 11 pieces of wood, a square core with facing
pieces. These were conserved, but secured to a new
core when the masts were replaced in the ship. The
lower masts were then rigged. Although new rope was
made, much of the hardware, blocks and deadeyes are
original material.

In summary, Vasa’s hull was sprayed for almost 17
years (1962 to 1979), followed by another decade of
slow drying. During that time, over 240 tons of PEG
(of molecular weights 4000, 1500 and 600) and almost
15 tonnes of boron salts were sprayed on the ship,
although since the initial degree of microbiological
decay was so varied, it is hard to determine exactly
how much PEG has actually been absorbed by Vasa’s
wood.'® Other shipwreck projects followed Vasa’s
example in the use of PEG, either through spraying
the whole structure (e.g. Mary Rose, Portsmouth,
UK'") or by dismantling and treating timbers in a
tank, which is common for most shipwrecks in the
Mediterranean.

16 HAFORS 2001, 68.
17 JONES 2003.
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Flg 6: Gemi miizede sergileniyor. 2
Fig. 6: The ship on display in the museum. ;
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TINA

Denizcilik Arkeolojisi Dergisi

BEKLENMEYEN DURUM
Batik miizede sergilenmeye  baslandiginda
konservasyon agamasinin tamamlandigi ve tek
yapilmasi gerekenin geminin etrafindaki sicaklik ve
bagil nemin izlenmesi ve tozdan korunmasi oldugu
disiiniilmiistii (Fig. 6). Vasa Miizesi acildiktan
yaklasik on yil sonra, 2000 yili civarinda geminin
ylizeyinde ve ahsap objelerin iizerinde ¢ok sayida
beyaz ve sart kristalin ¢okeltiler fark edildiginde
biraz sok yasandi (Fig. 7). Bu sizintilarin ¢ogu pH
3’iinaltindaendise verici derecede asidikti; hattabazi
orneklerde ahsabin ylizeyi tuz kristalize oldugundan
dolay1 bozulmustu (Fig. 8). Asidik kosullarin
ahsap elemanlar1 zayiflatabilecegi

veya parcalayabilecegi, bunun
da ahsabin i¢ mukavemetini
bliylik Olclide azaltabilecegi
endisesi uyandi. Bu kesifler

2003  yilinda  Vasa’nin
ahsaplarinin kimyasal,
sonrasinda mekanik
ozelliklerini incelemek
amaciyla  birkag  Isvec
finansman kurulusunun
sagladigi  arastirma  fonlari

yoluyla destekledigi bir dizi
biiyiik dlgekli aragtirma projesini
beraberinde getirdi. Bu yazida
soz konusu c¢alismalarda elde
edilen bulgular 6zetlenmektedir.

Fig. 7: Gemide bulunan bir kapta
yayilan tuzun etkisi goriiliiyor.
Fig. 7: Example of a salt outbreak on a
wooden vessel found inside the ship.

THE UNEXPECTED

Once the ship was on display in the museum, it
had been assumed that the conservation phase was
complete and that the only actions required were to
monitor the temperature and RH around the ship and
to keep it free of dust (Fig 6). It was somewhat of a
shock, when around the year 2000, about a decade
after the Vasa Museum opened, a large number of
white and yellow crystalline precipitations were
noticed on the surface of the ship and on wooden
objects (Fig. 7). Many of these outbreaks were
alarmingly acidic, below pH 3, and in some cases,
the wood surface had been disrupted as the salts
crystallized (Fig. 8). There was concern
that the acidic conditions could
weaken or break down the wood
components, drastically reducing
the wood’s internal strength.
These discoveries led to a series

of major research projects
beginning in 2003 to examine
the chemical and later the
mechanical properties of Vasa’s
wood, financed through research
grants from a number of Swedish
funding agencies. The results of

these studies are summarized here.

Fig. 8: Cam agacindan borda kaplama asitli ortama bir 6rnek olusturuyor; pH indikatér kagidinda 1 ile 2 arasinda pH goriiliiyor.
Fig. 8: An example of the acidic conditions on this pine plank; the pH indicator paper reads a pH of between 1 and 2.

26



TINA

KIMYASAL CALISMALAR

Baslangigta arastirmalar tuz sizintilarinin - bilegiminin
saptanmasi ve bunlarin nedeninin anlagilmasi iizerinde
odaklanmigti. X-igmlart  difraksiyonu (XRD) yoluyla
tuzlarm bir dizi hidrath demir siilfat, agirlikli olarak sari
natrojarosit (NaFe,(SO,),(OH),) ve beyaz melanteritin
(FeSO,.7H,0) yam sira jips (alg1 tast) ve elementel siilfiir
oldugu saptanmustir.'® Demirin varhigi su altinda paslanmis,
cevresindeki ahsabi korozyana maruz birakan ¢ok sayida
orijinal civata ve diger demir eserle agiklanmistir. Bu arada,
stilfiiriin Stockholm limaninin sularindaki siilfat indirgeyici
bakterilerin etkisinden kaynaklandigi anlagilmistir.” Bu
bulgu, geminin {ist kismindaki tuz yayilma envanteriyle
teyit edilerek, dipteki camur seviyesinde herhangi bir sizma
olmadigi ortaya kondu.” X-Isin1 Absorbsiyon Spektroskopi
(XANES), Taramali X-Isin1 Spektro Mikroskopi (SXM),
X-Isini Floresans Spektrometresi (XRF), ESCA, SEM
ve XRD gibi birtakim analizler kullanilarak, ahsabin
yaklasik 2 cm derinlikteki yiizey bolgesinde, agirlikli
olarak suyun altinda mikrobiyel bozunmanin gergeklestigi
bolgelerde yiiksek diizeyde siilfiir konsantrasyonlart oldugu
gosterilmistir.  Azalan siilfliriin tiyoller seklinde odun
Ozline bagh goriildiigi, ancak ayn1 zamanda demir siilfiir
pargaciklari olarak da var oldugu gézlemlenmistir.?'

Onemli bir konu da yiizey bélgelerde bulunmasina ragmen,
demirin ahsapta daha derinlerde de bulunmus olmasidir.
Geriye kalan seliiloz ve hemi-seliilozun bozunmasinin demir
icerigi yliksek, ancak siilfiir oran1 diisiik bolgelerde koti
oldugu anlasilmaktadir.?> Bu kesif ilk 6nce distinilenden
cok daha karmagik bir tabloyu ortaya cikarmistir. Ayrica,
suya doymus, islem gormemis Vasa ahsabi Ornekleriyle
yapilan karsilastirmalar seliiloz bozunmasinin gemi ¢ikarilip
yeniden havaya maruz birakildiginda meydana geldigini
gostermistir.”® Ote yandan, demirin yan1 sira yiiksek diizeyde
stilfiir igeren 6rneklerde daha az bozunma gozlemlenmistir.
Bunun bir agiklamasi kiikiirt bilesiklerindeki azalmanin
ciirlik¢lil ya da anti-oksidan olarak etki gostererek bazi
kuvvetli oksidasyon siireglerini engellemis olmasidir.**

18 SANDSTROM vd. 2002, 893-897.

19 FORS 2008.

20 HOCKER vd. 2009, 460-80.

21 FORS-SANDSTROM 2006, 1-17.

22 ALMKVIST 2008.

23 LINDFORS vd. 2008, 57-63.

24 ALMKVIST-PERSSON 2008B, 701

CHEMICAL STUDIES

Initially, research focused on identifying the composition
of the salt outbreaks and establishing their cause. Through
X-ray powder diffraction (XRD) it was determined that the
salts were a series of hydrated iron sulfates, mainly yellow
natrojarosite (NaFe,(SO,),(OH),) and white melanterite
(FeSO,.7H,0), as well as gypsum and elemental sulfur."
The presence of iron was explained by the large numbers of
original bolts, and other iron objects, which had rusted away
under water, leaving the surrounding wood impregnated
with corrosion products. Meanwhile, the sulfur appeared
to have come from the activity of sulfate-reducing bacteria
in the waters of Stockholm harbour."” This was confirmed
by an inventory of the salt outbreaks over the ship, which
indicated that no outbreaks occurred below the level of the
bottom mud.”*® Using a range of analyses, such as X-ray
Absorption Near Edge Spectroscopy (XANES), Scanning
X-ray Microscopy (SXM), X-ray Fluorescence (XRF),
ESCA, SEM and XRD, it was shown that high levels of
sulfur were concentrated in the surface region of the wood,
ca 2 cmdeep, primarily in areas where microbial degradation
had taken place under water. The reduced sulfur appeared to
be bound to lignin in the form of thiols, but was also present
as iron sulfide particles.?!

Significantly, iron, although present in the surface region,
was also found much deeper in the wood. It seems that
degradation of the remaining cellulose and hemicellulose
was worse in areas of high iron content but low sulfur.?
This discovery presented a much more complicated picture
than was first suggested. Furthermore, comparison with
waterlogged, untreated samples of Vasa wood suggested
that cellulose degradation had occurred since the ship was
raised and exposed to air again.*® On the other hand, samples
containing high levels of sulfur in addition to iron showed
less degradation. One explanation is that the reduced sulfur
compounds act as scavengers or anti-oxidants, inhibiting
certain strong oxidation processes.*

18 SANDSTROM et al. 2002, 893-897.
19 FORS 2008.

20 HOCKER et al. 2009, 460-80.

21 FORS-SANDSTROM 2006, 1-17.
22 ALMKVIST 2008.

23 LINDFORS et al. 2008, 57-63.

24 ALMKVIST-PERSSON 2008B, 701
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Ahsabin  derinliklerindeki  durumu  incelemek
amaciyla yapilan ayrmtili c¢alismalarda asetik,
formik, glikolik, oOzellikle oksalik asit (seliiloz
hidrolizi baslatabilecek olan gii¢lii bir pKa 1.3 asidi)
gibi biiylik miktarlarda organik asit tespit edildi.
Bu asitlerin seviyesindeki artiglarin her ne kadar
mikroorganizma kdkenli olabilecegi tam anlamiyla
elenemese de, demir bilesiklerin varligiyla iliskili
oldugu goriilmektedir.”> Mikrobiyologlar anlatilan
bozunmanin gemi batmadan Once yerlesmis
olabilecek olan kahverengi ciiriikliik mantarmin
neden oldugu bozulmalara son derece benzer
olduguna, ancak ayni zamanda piiskiirtme ve kurutma
donemleri sirasinda da gelismis olabilecegine dikkat
cekmistir.?® Nedeni ne olursa olsun bu asitlerin
hidrolizleme, buna bagh olarak aslinda kendi
agirligini kendisi tastyan Vasa biiylikliigindeki bir
yapida ciddi sonuglar dogurabilecek sekilde ahsap
bilesenleri zayiflatma olasilig1 vardir.

Demirin roliinii incelemek i¢in bir dizi maket
deneyi yapilmistir.’” Taze mese Ornekleri demir
bilesiklerle emdirilip daha sonra c¢esitli oksijen
konsantrasyonlari, bagil nem ve sicakliklara maruz
birakilmistir. Orneklere daha sonra mekanik testler
ve kimyasal analiz uygulanmistir. Elde edilen
sonuglar demirle temas edildiginde seliilozdaki
bozunmanin baglangicta olduk¢a hizli oldugunu,
ancak zaman ic¢inde hizinin azaldigimi ortaya
koymustur. Ne yazik ki birbiriyle ¢akisan ¢ok
sayida reaksiyon gerceklestiginden maketlerle elde
edilen bu bulgular1 Vasa ahsaplarina uyarlamak
zordur. Bozunmanin biiylik oranda demir bilesikleri
nedeniyle gerceklesmis olmast miimkiin ise de,
ahsabin derinliklerinde yiiksek diizeyde organik asit
bulunmasi seliilozun asit hidroliz yoluyla daha fazla
bozunmasina neden olma riski tagimaktadir.

25 HOTCHKISS 2008, 108-127.
26 Thomas Nilsson, personal communication.
27 NORBAKHSH 2013, 707-14.
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Further studies to examine conditions deeper in the
wood have detected large quantities of organic acids,
including acetic, formic, glycolic, and in particular,
oxalic acid (a strong acid of pKa 1.3, that can initiate
hydrolysis of cellulose). The increased levels of
these acids seem to correlate to the presence of iron
compounds, although a microorganism origin cannot
be totally ruled out.”® Microbiologists have pointed
out that the described degradation is remarkably
similar to that caused by brown rot, which could
have taken hold before the ship sank but also could
have developed during the spraying and drying
periods.?® Regardless of the cause, these acids have
the potential to hydrolyse and thus weaken the wood
components, which could have serious consequences
in a structure the size of Vasa, which essentially bears
its own weight.

A series of model experiments was undertaken to
examine the role of iron.?”” Samples of fresh oak
were impregnated with iron compounds, and then
exposed to various oxygen concentrations, relative
humidities and temperatures. The samples then
underwent mechanical testing and chemical analysis.
The results suggested that upon contact with iron,
cellulose degradation is initially quite rapid, but
decelerates over time. Unfortunately, it is hard to
translate these model results to Vasa wood, since
there are so many competing reactions taking place.
Although it is possible that the major degradation
due to iron compounds may have already taken
place, the presence of high levels of organic acids
deeper in the wood risk causing further degradation
of the cellulose through acid hydrolysis.

25 HOTCHKISS 2008, 108-127.
26 Thomas Nilsson, personal communication.
27 NORBAKHSH 2013, 707-14.



OKSIJEN TUKETIMi

Arkeolojik ahsaplardaki kimyasal reaksiyonlarin
¢ogu dolayli ya da dolaysiz olarak oksijen
tilketeceginden oksijen tliketim  Ol¢limlerinin
ahsabin icindeki bozunma oranlarimi anlamaya
yardimci olabilecegi One siiriilmiistiir. Danimarka
Ulusal Miizesi’ndeki arastirmacilarin yaptigi toprak
kimyasi1 ¢calismalarindan oksijen tiikketimini 6lgecek
bir yontem uyarlanmistir. Vasa ahsabi, yas aga¢ ve
diger referans materyal 6rnekleri bilinen hacimlerde
parlak bir boydan olusan optik bir sensor ile birlikte
saydam ve hava gecirmeyen kaplara (cam flakonlar
veya Escal® torbalar) yerlestirilmistir. Olgiimler
kabin disina 6zel bir kontrol ¢ubugu yerlestirerek
aralikli olarak yapilmistir. Kontrol ¢ubugu, kabin
icindeki boya sensoriiniin tespit ettigi Ozel bir
dalga boyunda 151k yayar. Boya sensori ise dis
bir kontrol ¢ubuguyla Olgiilen baska bir dalga
boyundan olugan enerji yayar. Enerji degerlerindeki
fark oksijen konsantrasyonuna karsi gelir. Ug
ay sonra elde edilen bulgular demir emdirilen
orneklerin (II) kontrol orneklerden daha fazla
oksijen tiikettigini gostermistir, bu durum demirin
(IIT) oksijen tiiketilen siireclerde bir katalizor
oldugunu ortaya koymaktadir.?® Yapilan deneylerde
arkeolojik ahsabin oda sicakliginda ve % 50 bagil
nemde giinde gram basmna 1 mikrogram civarinda
oksijen tiikettigi hesaplanmistir; ancak bunun dogal
yaslanma siirecleriyle nasil bir iliskide oldugu
saptanamamigti. Bu yOntem tiiketilen toplam
oksijeni 6lgmektedir; ancak cesitli oksijen tiiketici
siirecler arasinda ayrim yapmak olasi degildir; bu
nedenle belli bir bozunma orani agisindan yorum
yapmak giictiir.

28 MATTHIESEN-MORTENSEN 2010, 123-35.
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OXYGEN CONSUMPTION

As most chemical reactions in archaeological wood
consume oxygen, either directly or indirectly, it was
suggested that oxygen consumption measurements
might help to understand the rates of degradation
inside the wood. A method to measure oxygen
consumption was adopted from soil chemistry
studies by researchers at the National Museum of
Denmark. Samples of Vasa wood, fresh wood and
other reference material were placed in transparent
air-tight containers (glass vials or Escal® bags)
of known volume, together with an optical sensor
composed of a luminescent dye. Measurements
were taken at intervals by placing a special probe
on the outside of the container. The probe emits
light of a specific wavelength, which is detected
by the dye sensor inside the container. The dye
sensor emits energy of another wavelength, which
is measured by the external probe. The difference
in energy readings corresponds to the concentration
of oxygen. Results obtained after three months
indicated that samples impregnated with iron (II)
consumed more oxygen than the control samples,
suggesting that iron (II) is a catalyst for oxygen-
consuming processes.”® From the experiments, it
was calculated that archaeological wood consumes
ca 1 microgram of oxygen per gram of wood per
day at room temperature and 50% RH, but how
this relates to natural ageing processes has not been
determined. The method measures the total oxygen
consumed, but it is not possible to distinguish
between the various oxygen-consuming processes,
and is therefore difficult to interpret in terms of a
specific degradation rate.

28 MATTHIESEN-MORTENSEN 2010, 123-35.
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PEG'IN DAYANIKLILIGI

Sorgulanan  bir diger oOzellik de PEG’in
dayanikliligiydi. Yapilan calismalar PEG’in yiiksek
sicakliklarda bozunabildigini, daha kisa polimer
zincirlerine pargalanarak ahsabin yapi olarak daha
hisroskopik olmasina neden olurken, polimerin
reaktif u¢ gruplarimin formik asit olusturabildigini
gostermistir.?® Yiiksek sicakliklarda tanklar iginde
islem goren kiiglik ahsap buluntular disinda, geminin
sadece yiizeydeki PEG tabakasi yiiksek sicakliklara
maruz kalmistir. Ote yandan, PEG’in yiiksek demir
iceriginin varhiginda ahsabin ig¢inde nasil reaksiyon
gosterdigi bilinmemektedir. Iki bagimsiz calisma
yapilmistir. Batikta kullanilan PEG 6rneklerinin
yani sira bir model molekiiliin (tetraetilen glikol)
kullanildig1 ilk caligmada formik asidin olasi bir yavas
bozunma iriinii oldugu halde, Vasa’da kullanilan
PEG’in yar1 émriiniin bozunmanin ihmal edilebilir
oldugunu diislindiirmeye yetecek kadar uzun (binlerce
yil) oldugu saptanmistir.’® Matriks ile desteklenmis
lazer desorpsiyon/iyonizasyon ugus zamani Kkiitle
spektrometresi (MALDI-TOF MS) analizi kullanilan
ikinci ¢alismada ahsabin icindeki PEG’in biiyiik bir
olasilikla asit hidrolizi yoluyla bozunmakta oldugu
sonucuna vartlmistir.*! Buna karsin, her iki ¢alisma
grubu da ahsabin dig bolgelerinde — olmasi gerektigi
yerde — dayanikli oldugunun goriildiigii konusunda
hemfikirdir. Diger koruma sorunlarmin 1s18inda
PEG bozunmasinin mevcut miize kosullart altinda
diisiik 6ncelikli oldugu sonucuna varilmistir. Vasa’da
kullanildigindan bu yana PEG bagka bir¢ok batigin
konservasyonunda tercih edilen materyal olmustur.
Ancak, son yillarda 6zellikle kendi agirligimi tagimak
zorunda olan biiyilk olgekli suya doymus ahsap
yapilara islem yapilirken uygunlugu sorgulanmaya
baslamistir. Bu durum kismen daha sonra ele alinacak
olan Vasa ahsabinin mekanik 6zellikleri konusunda
yapilan aragtirmalar g6z Oniine alindiginda ortaya
¢cikmustir.

29 GLASTRUP 1996, 217-222.
30 MORTENSEN 2009.
31 ALMKVIST-PERSSON 2008A, 64-70.
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STABILITY OF PEG

Another aspect questioned was the stability of the
PEG. Studies have shown that PEG can degrade
under elevated temperatures, breaking down into
shorter polymer chains, causing the wood to become
more hygroscopic in nature, while the reactive end
groups of the polymer can form formic acid.”” With
the exception of the small wooden finds, which had
been treated in tanks at elevated temperature, on the
ship, only the surface PEG layer had been exposed
to elevated temperatures. On the other hand, it was
unknown how PEG reacts inside the wood in the
presence of high iron content. Two independent
studies were undertaken. The first study, using
samples of PEG used on the ship as well as a model
molecule (tetraethylene glycol), found that although
formic acid is a possible product of slow degradation,
the half-life of Vasa’s PEG was sufficiently long
(thousands of years) for its deterioration to be
considered negligible.** The second study, using
matrix-assisted laser desorption/ionization-time of
flight (MALDI-TOF) analysis, concluded that the
PEG in the interior wood was degrading probably
through acid hydrolysis.’® Both groups agreed,
however, that since the PEG in the exterior regions
of wood — where it is intended to be — appears to be
stable. In light of other preservation issues, it was
concluded that PEG degradation is of low priority
under the current museum conditions. Since its
use on Vasa, PEG has been the material of choice
to conserve many other shipwrecks. However, in
recent years, its suitability has been questioned,
especially when treating large waterlogged wooden
structures, which must bear their own weight. This
is partly in light of research on the mechanical
properties of Vasa wood, and will be discussed later.

29 GLASTRUP 1996, 217-222.
30 MORTENSEN 2009.
31 ALMKVIST-PERSSON 2008A, 64-70.
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YENi BIR IKLIMLEME SISTEMi

Tuz  yayilmasindaki gelismeyi etkileyen
ana etkenlerden biri miizedeki bagil nemin
dalgalanmasindan kaynaklaniyordu; bu dalgalanma
nemin ve c¢ozlnebilir tuzlarm yer degistirerek
ahsabin ylizeyine yerlesmesine neden oluyordu.
Yilda tahmini olarak 600,000 ziyaret¢iye gore
hesaplanmig olan orijinal iklim kontrol sisteminin
giincel ziyaret¢i sayisini kaldirabilecek kapasiteye
sahip olmadigi uzun silireden beri biliniyordu.
Miizenin 6zellikle uluslararasi ziyaretciler arasindaki
poptilerligi, ziyaret¢i sayisinin 2002 yilindan beri
asla yilda 720,000’in altina diismedigi, aksine
tutarli bir sekilde artarak 2019 yilinda 1.5 milyon
ziyaretgi sayisina ulagildigr anlamina geliyordu.
Iklimlendirme sistemi sik sik zorlaniyordu, bunun
sonucunda Ozellikle ziyaretci rakamlart nemli hava
donemleriyle cakistiginda geminin c¢evresindeki
bagil nem oraninda asir1 dalgalanmalar olusuyordu.
2004 yilinda iklimlendirme sistemi pahali ve daha
giiclii bir sistemle yenilenmis, 17-20°C sicaklik ve
% 51-55 bagil nemle giiniimiizde gemi ¢evresinde
yillik bazda hissedilir sekilde dengeli ve bir miktar
daha kuru bir iklim olusturulmustur (Fig. 9-11). Bu,
ahsapta % 7-10 oraninda bir nem miktarina karsilik
gelmektedir.’ Iklimin stabilize edilmesinin hemen
olumlu sonuglart olmustur. Yeni tuz yayilmalarina
rastlanmamis ve mevcut yayilmalar dengelenirken,
govde yapisindaki mevsimsel hareketler ve
deformasyonlar en alt diizeye indirgenmistir. Diger
yandan ahsaplarda yeni c¢atlaklarin olusmaya
ve borda kaplamalari gibi unsurlarin arasindaki
araliklarin genislemeye basladig1 goriilmektedir.

32 HOCKER 2010, 5-7.
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A NEW CLIMATE-CONTROL SYSTEM

One of the major factors affecting the development
of the salt outbreaks was the fluctuating relative
humidity (RH) inside the museum, which was
causing migration of moisture and soluble salts to
the wood surface. It had been known for a while
that the original climate control system, which had
been dimensioned for estimated visitor numbers
of 600,000 per year, did not have the capacity to
handle the actual number of visitors. The museum’s
popularity, especially with international visitors,
meant that numbers have never dropped below
720,000 annually and since 2002 have steadily
increased, reaching more than 1.5 million in 2019.
The system was often over-stressed, resulting in
extreme RH fluctuations around the ship, especially
when large visitor numbers coincided with periods
of wet weather. In 2004, the air conditioning system
underwent a costly upgrade, and today produces
a remarkably stable and slightly drier annual
climate around the ship of 17-20°C and 51-55%
RH (Fig. 9-11). This corresponds to a moisture
content in the wood of 7-10%.%? Stabilising the
climate has had immediate positive consequences.
No new salt outbreaks have been detected and the
existing outbreaks have stabilised, while seasonal
movements and deformations in the hull structure
have also been minimized. On the other hand, it
appears that new drying cracks have developed in
the timbers and gaps between elements such as deck
planks have widened.

32 HOCKER 2010, 5-7.
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Fig. 9: 2004 yilinda yenilenen sistemin bir pargasi olarak eklenen iklimlendirme ¢ikislari geminin kig¢ bélgesinde goriiliiyor.
Fig. 9: Extra climate-control outlets at the stern of the ship, added as part of the 2004 upgrade.

Fig. 10: Geminin i¢ine monte edilen gelismis iklimlendirme ¢ikislari.
Fig. 10: Improved climate control outlets inside the ship.
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PRATIK KONSERVASYON ONLEMLERI

Gemi ¢evresinde bagill nem ve sicakligin kontrol
edilebilmesi i¢in bir iklimlendirme sistemi tesisinin
kullanilmasindan 6te, Vasa’nin boyutlari ve bir miize
icerisine yerlestirilmesi govdeye uygulanabilecek
islemleri sinirlamaktadir. Asitlerin gazla (amonyak
gibi) notrlestirilmesi Onerilmistir; ancak deneyler
gazlarin bakteriyel olarak bozunmus olan ahsapta
yalnizca birka¢g milimetreye kadar niifuz edebilecegi
ve ahsabin igerisindeki organik asitlere erigebilmesinin
pek olast olmadigi gosterilmistir.** Ayni zamanda bir
kez uygulanacak bir islemdir ve islemden sonra yeni
asit olusumunun onlenmesi i¢gin eserlerin dengeli bir
bagil nem ortaminda depolanmasi gerekmektedir. Bu
da Vasa i¢in uygun bir islem sayilmamaktadir. Sonugta
bozunum reaksiyonlarinin durdurulabilmesini saglamak
icin geminin oldukga biiyiik bir akvaryumda bir soy
gaz igerisinde sergilenmesi gerekli olabilir, ancak bu
ziyaret¢i deneyimini azaltarak sergileme alaninda da
biiyiik degisiklikler yapilmasini gerektirebilir.
Karsilagtirma yapilirsa Vasa ile birlikte bulunan kiigiik
objelere islem uygulanmasi igin daha fazla segenek
mevcuttur. Vasa tizerindeki caligmalarla, demir ve
stilfiiriin ayristirilabilmesi i¢in DTPA (dietilen triamin
pentaasetik asit) olarak tanimlanan selat olusturucunun
kullanildig1 bir yontem gelistirilmistir.** DTPA, en
iyl pH 9-11 degerlerinde islevlerini ortaya koymakla
birlikte, pH arkeolojik ahsapta kullanilmak {izere
kimyasal etkinliginden biraz taviz vererek, daha
notr degerlere ayarlanabilir. Siire¢ kimyasalin ahsap
icerisine niifuz etmesine bagli oldugundan demir
icerigi, ahsabin gecirgenligi, kalmlik ve tiirler gibi
etkenlere bagli olarak iglem yillar alabilir. JVasa
ahsabinin sadece dig bolgelerindeki (1-2 cm) demirin
erigilerek cikarilabilmesi olasiligi da vardir. Vasa’daki
kiiciik buluntulardan bir boéliimiine bu ydntem
kullanilarak iglem uygulanmstir (Fig. 12); sonra PEG
2000 ile emdirme ve dondurarak kurutmayla basariyla
yeniden konservasyon uygulanmistir. Ancak islem ¢ok
zaman almaktadir ve eseri iklimlendirilmis bir depoda
birakma secenegi ile karsilastirildiginda buluntunun
yiizeylerinde tahribat riski icermektedir. Baz1 eserlere
hassas yiizeyleri olmasi nedeniyle suyla miidahale
etmek risklidir ve Vasa’nin heykellerinden bir ¢ogunda
metal bazli pigment kalintilar1 bulunmaktadir; selat
olusturucular bu pigmentleri yok eder. Ancak yeni
kazilan buluntularda, 6zellikle demir seviyeleri 1 mg/
g’den biiyiikse demirin ¢ikarilmasi 6nerilmektedir.>®

33 FORS-RICHARDS 2010, 41-54.
34 ALMKVIST 2008, 63-68.
35 HOCKER vd. 2012, 180.
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PRACTICAL CONSERVATION MEASURES

Beyond the use of an air conditioning plant to control
the RH and temperature around the ship,

Vasa’s size and placement in a museum limits
the potential treatments available for the hull.
Neutralisation of acids by gas (such as ammonia)
has been suggested, but experiments have shown that
the gas can only penetrate a few millimetres into the
bacterially degraded regions of the wood, and would
be unlikely to reach the organic acids located much
deeper in the wood interior. It is also a one-time
treatment and the objects must be stored in a stable
relative humidity to prevent new acid from forming
post-treatment. It is not being considered as a viable
treatment for Vasa. Ultimately, it may be necessary
to exhibit the ship in a large aquarium under an inert
gas to halt degradation reactions, but this would
detract from the visitor experience and require major
changes to the exhibit space.

In comparison, more options are available for treating
the smaller objects found with Vasa. A method using
the chelating agent, DTPA (diethylenetriamine
pentaacetate) to remove iron and sulfur has been
developed through the work on Vasa.3* Although
DTPA functions bestatpH 9-11, the pH can be adjusted
to more neutral levels for use on archaeological wood,
at a slight reduction in chemical efficiency. Since the
process relies on diffusion of the chemical into the
wood, treatment may take several years, depending
on factors, such as iron content, wood permeability,
thickness and species. It is also likely that only the
iron in the exterior regions (1-2 cm) of Vasa wood
can be accessed and extracted. A number of Vasa’s
smaller objects have been treated using this method
(Fig. 12), and then successfully re-conserved by
impregnation with PEG 2000 and freeze-drying, but
the treatment is time-consuming and risks disruption
to object surfaces compared with leaving the object
in climatized storage. Some objects have surfaces
too fragile to risk exposure to aqueous treatments,
and many of JVasa’s sculptures have remains of
metal-based pigments, which would be removed by
the chelating agents. For newly excavated material,
however, iron extraction is recommended, especially
if iron levels are greater than 1 mg/g.*

33 FORS-RICHARDS 2010, 41-54.
34 ALMKVIST 2008, 63-68.
35 HOCKER et al. 2012, 180.
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MEKANIK CALISMALAR

Ilk baslarda yapilan kimyasal arastirmalardan bagimsiz
olarak, 2004 yilinda, Kraliyet Teknoloji Enstitlisii’'nden
(Royal Institute of Technology) bir ekipten geminin
destek sisteminin iyilestirilmesine hazirlik olmasi i¢in
Vasa’nin imalatinda kullanilan mese agacinin mekanik
ozelliklerinin incelenmesi talep edilmistir. Iki arastirma

programinin  yakin igbirligi yapmasi saglayan
sonuglara goére miizenin iklimlendirme kosullarinda
(18°C sicaklik ve % 53 bagil nemde) Vasa ahsabinin
radyal (dairesel) ve eksensel yoniinde sertlik, sikistirma
ve ¢ekme mukavemeti parametreleri % 50’ye varan
oranda azalmistir*® Vasa’dan alinan mese Ornekleri
radyal yonde sikistirildiktan sonra mikroskopla
incelendiginde, agacmn ilk biiyime halkalarinda
‘mikro-biikiilme’ seklinde bir deformasyonun olustugu
gozlemlenmistir. Daha sonra yapilan ¢alismalarda radyal
yapilarmn ayrilma egilimi oldugunu gosteren bu bulgular
teyit edilmis. Bu da Vasa’nin mesesinin kirilgan yapisina
katkida bulunmaktadir.’”” Hepsinin otesinde gerilme
direncindeki azalma ile holoseliilozun ortalama molekiil
agirligindaki azalma, ayn1 zamanda oksalik asit ve demir
seviyelerinde artisin var olmasi arasinda iliski var gibi
gorinmektedir.*®

36 LIUNGDAL-BERGLUND 2007, 279-284.
37 VOROBYEV vd. 2016, 457-465.
38 BJURHAGER vd. 2012, 2521-2527.
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Fig. 12: Kimyasal
yontemlerle ahsap
buluntularin demirden
aritilmasi.

Fig. 12: Chemical extraction
of iron from wooden objects.

MECHANiCAL STUDIES

Independently of the early chemistry research, in
2004, a team from the Royal Institute of Technology
was asked to examine the mechanical properties of
Vasa oak in preparation for improving the ship’s
support. The results, which eventually led to greater
collaboration between the two research programs,
indicated that under museum conditions (ca 18°C and
53% RH), the parameters of stiffness, compression
and tensile strength were decreased by as much
as 50% in the both the radial and axial directions
of Vasa’s wood.*® Microscopy showed that when
samples of Vasa oak were compressed in the radial
direction, deformation occurred in the rays of the
early growth wood, described as ‘micro-buckling’.
Later studies have confirmed these findings,
showing that the ray structures tend to separate,
contributing to the brittle nature of Vasa’s oak.’’
Moreover, there appears to be correlation between
the reduction in tensile strength and the decrease in
average molecular weight of the holocellulose, as
well as the presence of elevated levels of oxalic acid
and iron.*

36 LJUNGDAL-BERGLUND 2007, 279-284.
37 VOROBYEV et al. 2016, 457-465.
38 BJURHAGER et al. 2012, 2521-2527.



Incelenen diger mekanik parametreler siinme ve
kaymadir. Siinme etkileri zaman igerisinde degisim
gosterdiginden zamana dayali bir 6zelliktir. Ug belirgin
evreye ayrilabilir; birincil, ikincil ve {iglinciil stinme.
Birinci evredeki degisimler olduk¢a hizli bir sekilde
gergeklesir, ancak ikinci evrede daha dogrusal olma
egilimi vardir, figlincli evrede siinmede hizli bir artig
goriiliir, bu genellikle malzemenin tamamen yikimina
yol acar. 2005 yilindan beri miizede geminin tam
Olglide ii¢ borda kaplamasi iizerinde siinme testleri
uygulanmustir. Iki ucundan desteklenmis olan borda
kaplamas1 {lizerine agirliklar yerlestirilerek yatay
eksen lizerinde kaplamanin merkezinde olusan sekil
degisikligi Olglilmiistir. Deneylerin amact {giincii
evreye varmadan oOnce, siinme heniiz dogrusalken
maksimum gerilme seviyesinin belirlenmesidir. Borda
kaplamalariin heniiz ikinci seviyede oldugu deneylere
devam edilmektedir.

On bulgulara gére radyal sikistirmada Vasa’nin
meselerinde olusan genel siinme orani yeni meseye
gore en az 10 kez daha biiyiiktiir. Bu oldukca yiiksek
bir rakamdir ve malzeme yaslandik¢a bunun siinmeye
ve sonu¢ olarak yikima yol acacagi endisesi vardir.
Laboratuvar kosullarinda yapilan daha kiiciik dlgekli
testler de ayn1 genel egilimlere isaret etmektedir; ancak
miize sicakligi ve bagil nemdeki kiigtik degisikliklerin
bile ahsap numunelerin siinme iizerinde tegetsel ve
dairesel yonlerde daha dnce diigiiniilenden daha biiyilik
bir etkiye sahip oldugunu gostermistir.*

Gemi iizerindeki birgok ahsap kayma olarak bilinen
farkli yonlerde ig goren giliclere maruz kalmistir.
Kayma dayanmiminin dl¢iimii zordur, ancak 25 x 25
mm’lik daha kiiclik kesitleri almak i¢in tek bir kiip
aparatindaki tutamaklar1 degistirerek, kayma modiilii
icin degerler elde etmek miimkiin olmustur.’ Vasa’nin
yapiminda kullanilmis olan ahsaplarin iki belirgin farklh
bolgeye sahip olmasi testleri karmasiklastirmistir. Bu
bolgelerden birincisi dis yiizeydir; burada seliilloz daha
cok bozunmaya ugramistir ve bilylik miktarlarda PEG
birikmistir. Ikincisi ise i¢ bolgedir; burada daha az
seliiloz bozunmasi ve daha az PEG vardir, ancak bu kez
daha yiiksek miktarlarda demir igerir ve dogas1 geregi
daha gevrektir. Tiim mekanik ¢alismalar PEG’nin bir
kaydirict gorevi gorerek ahsap lifgiklerinin birbirinin
tizerine binmesine neden oldugunu gostermistir.*!

39 VOROBYEV vd. 2019, 35-52.
40 VOROBYEV 2017, 28.
41 VOROBYEV vd. 2017, 327-35.

TINA

Other mechanical parameters that have been examined
include creep and shear. Creep is a time-dependent
property, as the effects change over time. It can be
separated into three distinct stages; primary, secondary
and tertiary creep. Changes in deformation are quite
rapid during the primary stage, but tend to become more
linear during the secondary stage, while the tertiary phase
describes a sudden increase in creep, usually leading to
complete failure of the material. Since 2005, three full-
scale planks from the ship have been subjected to creep
testing inside the museum. Weights have been placed
on the plank, which is supported at both ends, and the
deformation of the center of the plank from horizontal is
measured. The goal of the experiments is to determine
the maximum stress level where creep is still linear
before the tertiary stage is reached. The experiments are
continuing, with the planks still in the secondary stage.
Preliminary results suggest that the overall creep rate
of Vasa oak in radial compression is at least 10 times
greater than that of recent oak. This is quite a high Figure
and there is concern that this could lead to accelerating
creep and eventual failure as the material ages. Smaller
scale tests in laboratory conditions have shown the
same general trends, but have indicated that even minor
variations in museum temperature and RH have a greater
influence on creep in the tangential and radial directions
of the wood samples than was previously thought.*
Many timbers on the ship are subjected to forces
operating in opposite directions, known as shear. Shear
strength is complicated to measure, but by modifying the
grips on a single cube apparatus to take smaller cross-
sections of 25 x 25 mm, it has been possible to get values
for shear modulus.* The tests have been complicated by
the fact that Vasa’s wood has two distinct regions; the
outer surface region, in which the cellulose component
is more degraded, and where large amounts of PEG
are concentrated, and the inner region, which has less
cellulose degradation and less PEG, but contains high
quantities of iron and is more brittle in nature. All the
mechanical studies showed that PEG tends to act as a
lubricant allowing the wood fibrils to slide over one
another.*!

39 VOROBYEV etal. 2019, 35-52.
40 VOROBYEYV 2017, 28.
41 VOROBYEV etal. 2017, 327-35.
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Bu bulgu konservasyon topluluklarinda bir tartismay1
alevlendirerek kendi agirliklarini tagimak zorunda
olan biiyliik boyutlu suya doymus ahsap yapilarin
konservasyonu i¢in uygunlugunun sorgulanmasina
neden olmustur ve bu tir nesnelere igsel gii¢
saglayabilecek yeni giliclendirme maddelerinin
kesfedilmesi veya gelistirilmesi konusuna yeniden
ilgi duyulmustur.

GOVDENIN SAGLAMLASTIRILMASI

Mekanik testlerin sonuglar1 gévde i¢in gelistirilmis bir
destekkizaginagereksinimoldugunuortayakoymustur.
Gemi su anda I-kesitli kiriglerle baglanmig 18 ¢ift
kolondan olusan ¢elik bir besik tizerine oturmaktadir.
Kizakla govde arasindaki bosluklar tahta takozlarla
doldurulmustur; yine de agirligin bilyik bolimi
omurga bloklarinin iizerinde durmaktadir. Yillar
boyunca desteklere esit bir dagilimin saglanmasi igin
takozlarin ayarlanmasi gerekmekteydi; ancak kolonlar
geminin agirlik dagilimina karsilik gelmediginden,
nokta yiiklemesi yapilarak bolgesel sekil bozukluguna
yol agilmistir. 2000 yilindan beri, jeodezik Olgiim
sistemi kullanilarak gévdedeki mevsimsel hareketler
ve deformasyon izlenmistir. Yilda iki kez, geminin
ic ve dig kismindaki 400 yansitict fotal station (lazer
teodolit) kullanilarak kaydedilir ve zamana gore
deformasyonu gosteren karmasik bir nokta matrisi
olusturur.

Baglangigta elde edilen sonuglar geminin yilda
yaklasitk 1 mm batarak, kademeli olarak ozellikle
govdenin sekli nedeniyle agir ki¢ yapisinin
yiiklerinin yogunlastig1 pupa bolgesinde omurgasini
parcaladigini  gosteriyordu. Bu durum 1990’larda
ilave kizak kolonlar1 eklenmesine ragmen meydana
gelmistir. Olgiimler ayni zamanda hem genel hem
de lokal bozunmalar olustugunu gostermektedir.
Kig¢ zaten yapimi sirasinda iskele tarafina dogru bir
biikiilme verilerek yapilmistir; ancak son yillarda bu
biikiilmede artis oldugu goriilmektedir. Bu kismen
geminin yan boliimlerinin farkli oturmasindan
kaynaklanmaktadir, bunun sonucu olarak temel
direkler de kademeli olarak iskele yanina dogru
dayanmaktadir. Gemi yanlarinin iist boliimleri de igeri
dogru hareket etmektedir; ancak bu hareket sancak
tarafinda iskele tarafina gore daha biiyiiktiir ve kiga
dogru en belirgin halini almistir. Karina doniisiinde
genislemenin daha da bilylik oldugu goriilmektedir.
Olumlu bir not diismek gerekirse, alinan 6lgtimler
2004 yilinda yeni iklimlendirme sisteminin monte
edilmesinden beri iklimdeki dalgalanmalar nedeniyle
mevsimsel hareketlenmelerin  olusmasinin  biiyiik
oranda azaldigini teyit etmektedir.
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This has fuelled the debate within the conservation

community about its suitability in the conservation
of large waterlogged wooden structures, which must
support their own weight, and there is renewed
interest in finding or developing new consolidating
materials, which can provide internal strength to such
objects.

STABILISING THE HULL

The results of the mechanical tests have highlighted
the need for an improved support cradle for the hull.
The ship currently sits on a steel cradle consisting of
18 pairs of stanchions connected by large I-beams,
with wooden wedges filling the gap between the
cradle and the hull although much of the weight rests
on the keel blocks. For many years, it was necessary
to adjust the wedges to provide even support, but
as the stanchions do not correspond with the load
distribution in the ship, this has resulted in point-
loading and localised deformation. Since the year
2000, the deformation and seasonal movements
in the hull have been monitored using a geodetic
measurement system. Twice a year, 400 reflective
targets on the interior and exterior of the ship are
recorded using a total station (laser theodolite),
creating a complex matrix of points, which can be
compared over time to show deformation.

Initially, the results showed that the ship was sinking
about 1 mm per year, gradually crushing its keel
especially at the after end, which due to the shape
of the hull is where the loads from the heavy stern
structure are concentrated. This has taken place
despite the addition of extra cradle stanchions in the
1990s. The measurements also show both global and
local distortions. The stern was already built with
a slight twist to port but in recent years, it appears
that this twist is increasing. This is partially due to
differential settling of the ship’s sides, which in turn is
causing the masts to lean gradually to port. The upper
parts of the ship’s sides are also moving inwards, but
this movement is greater on the starboard side than
the port and is most evident towards the stern. It also
appears that there is greater bulging at the turn of
the bilge. On a positive note, the readings confirm
that since the installation of the new climate-control
system in 2004, the seasonal movements due to
climate fluctuations have been greatly reduced.



Fig. 13: Mevcut destek kizaginda goriilen, 2008 yilinda eklenen takozlar (agik renkli).
Fig. 13: The current support cradle showing additional (light coloured) wedges which were added in 2008.

Dikey hareketleri en aza indirgemek icin 2008
yilinda gdvdeye temas etmekte olan takoz
paketciklerinin sayis1 artirtlmistir. Kizak kolonlarini
baglayan uzunlamasmna kirisler kullanilarak, bu
diizenegin gemiyle kizak arasindaki destegi etkin bir
sekilde ti¢ katina c¢ikarmasi saglanmistir (Fig. 13).
Omurga altindaki destek de ayni sekilde omurga
bloklar1 arasindaki bosluklara ayarlanabilen g¢elik
vida destekleri eklenerek iki katina c¢ikarilmigtir
(Fig. 14). Balsa agacindan destekler dogrudan
omurga konturlarina baski yapan omurganin altina
yerlestirilmis, bu sekilde daha esit bir agirlik
dagilimiyla takviye saglanmistir. Bunu izleyen
jeodezik Olctimler oOnlemlerin dikey hareketleri
azalttigini ortaya koymustur.

Yeni bir destek monte edilemeden, gdvdenin
miimkiin oldugu kadar saglamlastirilmasi gerekliydi.
Govdeyi ahsap baglantilar, agac civiler, kerestelerin
arasindaki birlestirici ¢entikler ve demir civatalar
bir arada tutmaktadir. Bu sistem yalnizca bilesenler
arasinda iyi bir uygunluk varsa islerlik kazanabilir
ve siirtinme kuvvetinin bunlar yerinde tutmasini
saglar; boylece yiikler etkin bir sekilde aktarilabilir.

To minimize the vertical movements, in 2008, the
number of wedge packets in contact with the hull
was increased. By making use of the longitudinal
beams connecting the cradle stanchions, this has
effectively tripled the support between the ship
and cradle (Fig. 13). Also, the support underneath
the keel was doubled, by adding adjustable steel
screw supports in the gaps between the keel blocks
(Fig. 14). Planks of balsawood have been inserted
directly under the keel, which compress to the
contours of the keel, thus providing more even
support. Subsequent geodetic measurements have
shown that these measures have been effective in
reducing vertical movements.

Before any new support can be installed, it was
necessary to make the hull as stiff as possible. The
hull is held together by the combined effects of
wooden joints, treenails, notches between timbers,
and the iron bolts. This system only functions
if there is a good fit between these components,
allowing frictional forces to hold them in place so
that loads can be transferred efficiently.
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Fig. 14: Omurga bloklarinin aralarina 1960’larda yerlestirilen ayarlanabilen ¢elik vida destekleri. Goriilen diger ¢elik
kolon ana diregin agirligini tagimasi amactyla 1990’larda eklenmistir.

Fig. 14: Adjustable steel screw supports added between the 1960’s wooden keel blocks. Also shown is the steel column,
added in the 1990s to carry the weight of the main mast.

Ahsabin ¢ektigi durumlarda, kerestelerle bilesenler
arasinda artik siirtlinme kuvveti olamaz, dolayistyla
bilesenler gevsek kalir. Bunedenle yiikler, genellikle
z1it yonlerde hareket eden kuvvetlere dayanmak
zorunda olan ve kesilme egilimi gosteren crvatalar
tizerinde yogunlasir.

1960’11 yillarda takilan civatalar yumusak celikten
yapilmisti ve ¢ogu zaman epoksi kapliydi; ahsapla
iyl bir temas saglanabilmesi i¢in somunlarina
diizenli olarak sikilmasi gerekliydi. Ahsap yillar
igerisinde kurudugundan, somunlar pes pese gelen
marangozlar ve teknisyenler tarafindan araliklarla
sikilastirilmistir. Yapilan is iizerinde herhangi bir
kontrol yapilmadigindan, bu isin yarardan ¢ok zarar
getirdigi  sOylenebilir. Bircok durumda farklilik
gosteren gerilimlerde ayarlamalar yapilmis ve
civatalarin  gereginden ¢ok sikistirilmis olmasi
somun ve pullarm ahsabin ylizeyini zorlamasina
neden olmustur. Civatalarm birgogu bulunduklar
yerde korozyona ugramistir; bdylece hemen
yanlarindaki ahsap parcasmna sikica yapisarak
keresteler kurudukc¢a esit olmayan sekilde ayarlar
yapilmasina neden olmustur. Civatalar artik gemiyi
sabit bir yap1 olarak bir arada tutamayacak duruma
geldiginde tamamen yeni bir dizaynla daha duragan
bir malzemenin bunlarin yerini almasma karar
verilmistir.
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In cases where the wood has shrunk, there are no
longer frictional forces between the timbers and
the components are loose. The loads are therefore
concentrated on the bolts, which often have to
withstand forces acting in opposite directions and are
liable to shear.

The bolts inserted in the 1960s were of mild steel
often coated with epoxy paint, with end nuts, that
required regular adjustment to ensure good contact
with the wood. As the wood dried over the years,
the nuts were tightened intermittently by successive
teams of carpenters and technicians. Since there was
no control over the work, this may have resulted in
more harm than good. In many cases, differential
stresses had been set up and over-tightening of the
bolts had forced the nuts and washers into the surface
of the wood. Many of the bolts had also corroded in
place, sticking fast to the adjacent wood and setting
up uneven tensions as the timbers continued to dry
out. As the bolts were no longer functioning to hold
the ship together as a rigid structure, a decision was
taken to replace them with a more inert material of a
completely new design.

In cooperation with Sandvik AB, one of the world’s
foremost steel manufacturing companies based
in Sweden, the museum carpenters developed an
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Fig. 15: Yeni civata dizayni; bos boru, i¢i disli gubuk ve i¢erde ugtaki baskili yay (kirmizi).
Fig. 15: The new bolt design; a hollow tube and internal threaded rod, with a compression spring (red) on the inner end.

Isveg’te yerlesik, diinyanin énde gelen gelik iiretim
sirketlerinden biri olan Sandvik AB ile isbirligiyle,
miizenin marangozlari yenilik¢i bir tasarim gelistirmistir.
Somun ve pullu geleneksel madeni civata yerine yeni
tasarim yedi veya sekiz bilegenden olugmaktadir; bos bir
tiip, i¢ disli gubuk ve 6zel ug bilesenleri icerir (Fig. 15).
Cubugun bir ucu, ozellikle bir agiyla yerlestirildiginde
diismesini 6nlemek igin bir kilitleme halkasi tarafindan
yerinde tutulan civata baslhigina baglanirken, i¢ ug¢ bir
sapka seklinde yayli mahfaza (geleneksel pul yerine)
ve somun ile yerinde tutulan sert bir sikistirma yay1
ile baglanir. Yay muhafazasi kuvvetleri yayar ve
yay1 yerinde tutar. Muhtemelen en kritik elemanlar,
yaylardan gelen kuvvetlerin ¢ogunu emen ve tiipii her
yerinde sikica yerinde tutmak igin yerlestirilen iki koni
seklindeki halkadir.

Crvatalar, kimyasal tesisler ve acik deniz petrol
endiistrisi i¢in gelistirilmis ¢elik bir alagimdan, % 27
krom ve % 7 nikel iceren hiper-dubleks paslanmaz
celikten (SAF 2507® ve SAF 2707 HD®) ve
ilave alasim elementlerinden iretilmektedir. SAF
2507® civata basi, somun, yay muhafazasi ve
konilerde kullanilirken, SAF 2707 HD® borularda
kullanilmaktadir. Malzemeyi iicretsiz olarak saglayan
Sandvik ile yapilan anlagmaya gore, civatalarin
Vasa’nin ahsabi i¢indeki asidik kosullara karst uzun
vadeli korozyon direncini dniimiizdeki 150 y1l boyunca
izlemeye devam edecekler. Yeni tasarim bir¢ok avantaj
sunuyor. Yay sabit basing sagladigindan (gerekirse
Olciilebilir) civatalar, geleneksel civatalar gibi periyodik
ayar gerektirmemektedir. Ortalama bir civatanin
agirhg, yaklagik 3 kg ila 1,6 kg arasinda yartya indirilir
ve bu da potansiyel olarak gemiden yaklagik 7 ton
agirlik tasarrufu saglar. Ek olarak, civatalarmn i¢ uglari
artik ahsaplarin disia ¢ikmamaktadir ki bu da gemide
calisanlarin ¢ok takdir ettigi bir giivenlik 6zelligidir.

innovative design. Instead of a traditional solid metal
bolt with washer and nut, the new design consists
of seven or eight components, comprising a hollow
tube, an internal threaded rod and specialised end
components (Fig. 15). One end of the rod is connected
to the bolt head, which is held in place by a locking
ring to prevent it falling off, especially when inserted
at an angle, while the inner end connects with a stiff
compression spring held in place by a hat-shaped
spring housing (instead of a traditional washer) and
nut. The spring housing spreads out the forces and
holds the spring in place. Probably the most critical
elements are the two cone-shaped rings, which absorb
most of the forces from the springs and are placed on
each end of the tube to hold it snugly in place.

The bolts are manufactured from a steel alloy
developed for chemical plants and the off-shore oil
industry, a hyper-duplex stainless steel (SAF 2507®
and SAF 2707 HD®) containing 27% chromium and
7% nickel along with additional alloying elements.
SAF 2507® is used for the bolt head, nut, spring
housing and cones, while SAF 2707 HD® is used for
the tube. Sandvik has provided the material free of
charge, with the agreement that they will continue to
monitor the bolts’ long-term corrosion resistance to
the acidic conditions inside Vasa’s wood over the next
150 years. The new design offers many advantages.
The bolts do not require periodic adjustment, as did
the traditional bolts, since the spring provides constant
pressure (which can be measured, if necessary).
The weight of an average bolt is halved, from ca 3
kg to 1.6 kg, which potentially saves an estimated
7 tonnes of weight from the ship. Additionally, the
interior ends of the bolts no longer project beyond
the timbers — a safety feature much appreciated by
those who work on the ship.
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Fig. 16: Bas tistii vingten asilmig 6zel bir stkma aleti kullanarak civatalarin degistirilmesi.
Fig. 16: Replacing bolts using a special extractor tool suspended from an overhead crane.

Yaklagik 5000 civatay1 degistirme projesi 2011
sonbaharinda baslamig, 2017 yilinda sona ermistir;
ancak birkag¢ civataya erigilememistir ve eski besik
cikarildiginda degistirilmeleri gerekecektir. Eski
bir civatay1r sokmek ve motoru tersine g¢evirmek
suretiyle yeni civatay1 ¢ekmek igin 6zel bir gekme
aleti, bir tiir motorlu vidali kriko tasarlanmistir
(Fig. 16). Yaklasik 80 kg agirliginda olan alet,
teknenin dis kisminda kullanilmak tizere gezer
vingten asilmistir, ancak daha sonra i¢ mekanin
daha dar alanlarinda kullanilmak tizere 15-20 kg
agirhigindaki daha kiigiik versiyonlar gelistirilmistir.
iki crvata deligi aym uzunlukta olmadigindan, her
crvatanin  uzunlamasina kesilmesi gerekiyordu.
Yeni civata, ahsapla iyi temas saglayan 22.5 mm
capli eski civatalarla karsilastirildiginda 28 mm
capinda biraz daha biiyiiktiir, ancak bu, eski demir
korozyon iiriinlerini kaldirmak i¢in orijinal delikleri
hafif¢e genisletmek anlamina gelmistir.
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The project to replace the ca 5000 bolts began in
autumn 2011 and was concluded in 2017, although
a few bolts remain inaccessible and will have to be
changed when the old cradle is removed. A special
extractor tool, a type of motorized screw jack, was
designed to remove the old bolt, and, by reversing the
motor, also to pull in the new bolt (Fig. 16). Weighing
about 80 kg, the tool was suspended from the overhead
crane for use on the exterior of the hull, but smaller
versions, weighing 15-20 kg, were later developed for
use inside the more confined spaces of the interior. As
no two bolt holes were the same length, each bolt had
to be cut to length. The new bolt is slightly larger in
diameter, 28 mm, compared with the old bolts of 22.5
mm diameter, which ensures good contact with the
wood, but this has meant enlarging the original holes
slightly to remove older iron corrosion products.



YENI DESTEK YAPISININ PLANLAMASI

Gemi i¢in yeni bir destek yapis1 tasarlamaya
hazirlanirken, geminin yapisindaki her bir ahsap total
station yardimiyla 3 boyutlu olarak ayrintili bir sekilde
belgelenmistir (Fig. 17). Bu belgeleme yapinin nasil
bir arada tutuldugunu anlamanmn yani sira destegin
nerede gerekli oldugunu belirleyebilmek i¢in agirlik
dagilimmin hesaplanmasina izin vermistir. Belgeler
geminin asimetrik olarak inga edildigini ve gaga sekilli
burunun orijinal konstriiksiyonun bir sonucu olan iskele
tarafina isaret ettigini dogrulamistir. Ayrica, 6n iskele
tarafinda en az 23 egrinin kirik oldugu da gortilmektedir.
Sonug olarak, bu alandaki gévde artik kat1 degildir. Dort
dis borda kaplamas test i¢in ¢ikarildiginda, muhtemelen
gemilerin yanlarmim farkli olarak yerlesmesinin bir
sonucu olarak, agac civilerin yaklasik %350’sinin
kesildigi ortaya cikmistir. Ayni durum geminin diger
kisimlart igin de gecerliyse govdenin birincil yapisi
zayiflayacaktir, bu da yeni destek sisteminde dikkate
almmasi gereken bir faktordiir.

Bu veriler, Uppsala Universitesi uzmanlari tarafindan
yeni destek yapisi tasarimlarmi gelistirilme ve test
edilmesine yardimci olacak olan analitik bir ara¢ olarak
geminin Sonlu Eleman (FE) modelini olusturmada
kullanilan bir tel ¢erceve modeli saglamigtir.*> Yararlt
olmast i¢in, bdyle bir model yeterince ayrintili olmali,
ancak islenemeyecek kadar karmasik olmamalidir, FE
modeli, jeodezik veriler gibi ¢esitli kaynaklardan bilinen
verilere ve mekanik caligmalardan alinan verilere karsi
stirekli olarak dogrulanmalidir. Bununla birlikte, tiim
mekanik 6zellik verileri daha kiiglik numunelerden elde
edilemez ve 6l¢eklendirilemez. Geminin geometrisinin
detaylart ve yiiklerin kereste arasindaki fiziksel derzler
ve baglant1 elemanlar {izerinden nasil aktarildigi tam
Olgekli olarak elde edilmelidir.

42 AFSHAR vd. 2017, 62-76.

Fig. 17: Total station
kullanilarak olusturulan
geminin disinin tel gerceve
bi¢imindeki verisi..

Fig. 17: Raw data in wire-
frame form of the exterior of
the ship, created using a total
station.
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PLANNING FOR A NEW SUPPORT STRUCTURE

In preparation for designing a new support structure for
the ship, a detailed 3-d documentation of every timber in
the ship’s structure has been made with the help of a total
station (Fig. 17). This has helped to understand how the
structure is held together as well as allowing the weight
distribution to be calculated in order to determine where
support is needed. The documentation confirmed that the
ship was built asymmetrically, and the beakhead points
to port, which is a result of the original construction.
It also appears that at least 23 frames on the forward
portside are broken. Consequently, the hull in this area
is no longer rigid. Test removal of four exterior planks
has also revealed that around 50% of the treenails have
sheared off, probably a result of differential settling
of the sides of the ship. If this is true for other parts
of the ship, then this will impart a weakness to the
primary structure of the hull, a factor that will have to
be considered in the new support system.

This data has provided a wire-frame model that has
been used by experts from Uppsala University to create
a Finite Element (FE) model of the ship as an analytical
tool to help develop and test new support structure
designs.** To be useful, such a model must be sufficiently
detailed, but not so complex that it is unworkable. The
FE model must be constantly validated against known
data from various sources, such as the geodetic data,
as well as data from the mechanical studies. However,
not all mechanical property data can be obtained from
smaller samples, and scaled up. Details of the ship’s
geometry and how loads are transferred through the
physical joints and fasteners between timbers must be
obtained from the full-scale.

42 AFSHAR et al. 2017, 62-76.
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Fig. 18: Geminin bir yaninin tam 6l¢ekli insasi.

Fig. 18: Construction of a full-scale section of the ship’s side.

Zarar verme olasiligi bulunan testler geminin
iizerinde yapilamadigindan, 2014 yilinda tipik bir
govde boliimiindeki gercek boyutlara dayanarak,
gemi tarafinin temsili bir boliimiiniin tam 6lgekli
bir kopyasi yapilmistir (Fig. 18). Amag, 6zellikle
gliverte yiiklerinin geminin yanlarina transfer
edildigi durumda, govdenin sertlik degerlerini
olgmekti. Kopya, kereste ve civata kombinasyonlari
arasindaki farkli fiziksel birlesimler ve ¢entikler de
dahil olmak tizere giiverteleri yanlara baglayan tiim
biiyiik baglantilari igeriyordu. Orijinali gibi Avrupa
mesesinden (Quercus robur) insa edilen bolim 3.5
X 4 x 5 m Olgiilerinde ve tiim elemanlar yerinde
oldugunda 8 ton agirligindaydi.

Kopya, Stockholm’deki Kraliyet Teknoloji
Enstitiisi’ndeki mekanik test tesisine nakledildi
ve metal bir alt ¢ergeveye sabitlendi. Daha sonra
iic kuvvet sartina tabi tutuldu; diizlemsel kesme,
sikistirma-biikme ve dondirme (Fig. 19). Test,
tim yap1 yerinde iken basladi, ancak suyolu
(uzunlamasina sertlestirme kerestesi) ve ardindan
bir paracol, vb. ile baslayarak, sertlesen cesitli
bilesenlerin her biri kademeli olarak c¢ikarild:
ve bilesenler artik sikica takilmadiginda her bir
baglantinin nasil performans gosterdigi, g¢evre
kosullart olan 20°C ve % 55 bagil nemde {i¢
kez test edilmistir. Onemli bir konu da testlerin
tekrarlanmast  gerektiginden,  tamamlanmak
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Since potentially damaging tests could not be done on the
ship itself, in 2014, a full-scale replica of a representative
section of the ship’s side was built, based on actual
dimensions from a typical hull section (Fig 18). The goal was
to quantify the stiffness values of the hull, in particular where
the loads of the decks are transferred to the sides of the ship.
The replica incorporated all the major joints which attach the
decks to the sides, including the different physical joins and
notches between timbers and the bolt combinations. Built
of European oak (Quercus robur), as was the original, the
section measured 3.5 x 4 x 5 m and weighed 8 tonnes when
all the elements were in place.

The replica was transported to a mechanical testing facility at
the Royal Institute of Technology in Stockholm, and secured
in a metal sub-frame. It was then subjected to three force
conditions; in-plane shear, compression-bending and rotation
(Fig. 19). Testing began with the complete structure in place,
but gradually each of the various stiffening components were
removed, beginning with the waterway (the longitudinal
stiffening timber), followed by a knee, etc. Each test was
repeated three times in ambient climate conditions of 20°C
and 55% RH in order to test how each joint performed when
the components no longer fitted tightly. Importantly, since
the tests needed to be repeated, they were not carried out to
completion (i.e. they were stopped before failure occurred),
and only a moderate maximum load was used.®

43 VOROBYEV vd. 2018, 1-8



Fig. 19: Gergek gemide bu tiir testler yapilamadigi i¢in geminin yan tarafindaki eklemlerin sertliginin test edilmesi.
Fig. 19: Testing the stiffness of the joints in the section of ship’s side since such tests could not be done on the actual ship.

amaciyla yapilmamistir (yani hata olugsmadan 6nce
durduruldular) ve sadece ortalama bir maksimum
yik kullanilmistir.®® Sonugta, her bir baglanti
tiirii icin ortalama sertlik degerleri elde edilmistir.
Gemideki gercek sertlik degerleri (PEG ile islenmis
arkeolojik ahsap) testten elde edilen degerlerden
daha diisiik olsa da, buna izin vermek i¢in FE
modeline bir kalibrasyon parametresi eklenmistir.

GELECEK

FE modeli tamamlanmaya yaklasirken, bir sonraki
asama c¢esitli destek tasarimlarini test etmektir.
Miize, karmasik teknik ¢o6ziimler konusunda
uzmanlagmis bir mithendislik firmasi olan Camatec
AB ile pratik ¢ozlimleri tartisan bir proje yonetim
sirketi olan Bonorum AB’yi gorevlendirmistir.
Yeni destegin amaci, gdvdenin mevcut seklini
korumak ve yiikleri daha iyi dagitarak hareketi
ve daha fazla catlamay1 azaltmaktir. Coziim,
muhtemelen bir i¢ iskeletin yan1 sira harici bir
destek icerecektir; ancak herhangi bir yeni bilesenin
geminin gorliniimiinii veya govdenin etrafindaki
erigilebilirligi engellemesi istenmemektedir.

43 VOROBYEV etal. 2018, 1-8

Ultimately, the average stiffness values were obtained
for each type of joint. Although the actual stiffness
values in the ship (archaeological wood treated with
PEG) are lower than the values obtained from the
testing, a calibration parameter has been introduced
into the FE model to allow for this.

THE FUTURE

With the FE model nearing completion, the next
phase is to test various support designs. The
museum has employed a project management
company, Bonorum AB, who is discussing practical
solutions with Camatec AB, an engineering firm
that specialises in complex technical solutions. The
goal of a new support is to preserve the existing
shape of the hull and better distribute loads, while
minimizing movement and further cracking. The
solution will likely involve an internal skeleton, as
well as an external support, though it is desirable
that any new components do not obscure views of
the ship or hinder accessibility around the hull. Once
the support is in place, the aim is to use it to rotate
the hull slightly so that the masts are closer to the
vertical. At time of writing, however, the situation
with the Covid-19 pandemic means that the museum
has had to scale back its activities. It is therefore not
possible to give a timetable for this project.

43



TINA

Destek yerlestirildikten sonra amag, direkleri dikeye
daha yakin olacak sekilde gdvdeyi hafifce dondiirmek
icin kullanmaktir. Bununla birlikte, yazi yazildigi
sirada, Covid-19 salgimi ile ilgili durum miizeyi
faaliyetlerini azaltmak zorunda birakmistir. Bu
nedenle, bu proje i¢in bir zaman ¢izelgesi vermek su
anda miimkiin degildir.

Son olarak, karsilagilan zorluklardan biri,
arkeolojik, arastirma ve koruma caligmalari ile
iretilen tiim bilgileri yonetmek ve gemideki
konumla ilgili olarak uygun bir sekilde sunmaktir.
Ornegin, tuz salginlarinin veya catlaklarin ahsap
icindeki dagilimini incelemek faydali olabilir; bu
da daha biiyiik {i¢ boyutlu iliskilere ipucu verebilir.
Bu nedenle, koruma personeli, tim i¢c ve dis
yiizeylerin bir yonetim araci olarak fotogrametrik
modellenmesine dayanan ve bu bilgilerin
eklenebilecegi bir GIS’i (Kiiresel Bilgi Sistemini)
etkin bir sekilde gelistirmektedir. Neredeyse 60 yil
sonra, Vasa projesi karmagik sorunlara yenilikei
¢oztimler aramaya devam etmektedir.*

44 Bu makale E. Hocker’in 2018 yilinda Londra’daki
Archetype Matbaasi’nda basilan Preserving Vasa adli
eserinin bir 6zetidir.

44

Finally, one of the challenges is managing all
the information that has been produced through
archaeological, research and preservation studies,
and present it in a convenient way in relation to
location on the ship. For instance, it would be useful
to examine the distribution of salt outbreaks or cracks
in timbers, which might give clues to larger three-
dimensional relationships. Therefore, the preservation
staff are developing what is effectively a GIS (Global
Information System) based on photogrammetric
modeling of all the interior and exterior surfaces as
a management tool, onto which this information can
be attached. After almost 60 years, the Vasa project
continues to seek innovative solutions to complex
problems.**

44 This article is a summary of the book, Preserving Vasa, by E.
Hocker, Archetype Press, London, 2018.
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ATALARIMIZIN OMUZLARINDA YUKSELMEK
— BIR ALTYAPI VE BIR BAKIS ACISL.
DANIMARKA’DA SUYA DOYMUS ARKEOLOJIK
GEMI BATIKLARININ KONSERVASYON
CALISMALARIYLA GECEN ELLI YIL

STANDING ON THE SHOULDERS OF OUR
PREDECESSORS — A BASE AND A VIEWPOINT.
FIFTY YEARS OF WORKING WITH CONSERVATION
OF WATERLOGGED ARCHAEOLOGICAL
SHIPWRECKS IN DENMARK

Roskilde-6 sergisi.
Roskilde 6 on exhibition at the
National Museum of Denmark.
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OZET

Uzerinden yaklasik 50 yil ge¢mis olmasina ragmen
Roskilde gemilerinin konservasyon siireci Skuldelev
gemilerinde izlenen adimlarla benzer sekilde cereyan
etmistir. Bu adimlar; ahsabin korunma durumunun
degerlendirilmesi, secilen emdirme ve kurutma
yontemleri, sergide iklimlendirme igin dneriler, sergileme
icin montaj, bakimi ve uzun siire korunabilirliginin
degerlendirilmesini igerir. Konservasyonda kullanilan
farkliyontemler, gemi enkazlarmim korunmast i¢in gerekli
kapsamli teknik ve ekonomik kaynaklar yansitmaktadir.
Kaynaklar smirliysa, kapsamli arkeolojik buluntular
siklikla belirli bir siirede kaydedilen bilimsel ve teknik
ilerlemeler yeni ve daha iyi konservasyon yontemlerine
evrildiginde, daha az kaynak gerektiren yontemlerin
gelistirilmesine yol acar.

Skuldelev — gemileri 1957-1962  yillar1  arasinda
kazilmis olup, konservasyon caligmalart 1962-1975
yillar1 arasinda yapilmistir. Batiklarm konservasyon
islemlerine baslandiginda, en ¢ok kullanilan yontemler
hala aliiminyum  siilfat (sap) ve kreozot / petrol
uygulamalartydi. Bu yontemler oldukga yetersiz
oldugundan,  Skuldelev  gemileri  Danimarka’da
konservasyonu Polietilen glikol (PEG) ile yapilan
ilk ahsap arkeolojik eserler olarak Ulusal Miize’de
yiiriitiilen konservasyon ¢alismalarinda yepyeni bir
donem baslatmigtir. % 100 PEG emdirme ve tersiyer
biitanolden dondurarak kurutma gibi yeni konservasyon
yontemleri kullanilmaya baslanmistir.

Birkag y1l sonra, Roskilde’deki Viking Gemi Miizesi’nde
yeni bir miize limani ingaati i¢in yapilan kazilar sirasinda
yine bilyiik bir arkeolojik buluntu grubu olan Roskilde
gemileri kesfedilmistir. Batiklarin kazilari 1996 - 1997
yillar1 arasinda yapilarak 1998 yilinda konservasyon
slireci baglamigtir. O tarihte PEG suya doymus ahsaplarda
emdirme iglemi i¢in en sik kullanilan maddeydi. Bununla
birlikte, konservasyon becerileri ve teknik gelismelerdeki
ilerlemeler nedeniyle uygulama yontemi yillar iginde
degismistir. Ornegin, ahsap % 40 sulu PEG ¢ézeltileriyle
emdirilerek, ahsabin yiizeyinin iglenmesini ve tahribatini
en aza indirebilmek i¢in dogru sekli elde etmek amaciyla
kaliplar icinde dondurularak kurutulmuslardir.

ABSTRACT

Although nearly 50 years apart, the Roskilde ships
would follow nearly the same steps during their con-
servation as the Skuldelev ships. These steps include:
assessment of the state of preservation of the wood,
selected impregnation and drying methods, recom-
mended exhibition climate, mounting for exhibition,
maintenance and evaluation of long term stability. The
different methods used for conservation reflect the ex-
tensive technical and economic resources required for
the conservation of shipwrecks. When resources are
limited, large archaeological finds often lead to de-
velopment of new, less resource demanding methods
when scientific and technical progresses made over a
period of time evolve into new and better conservation
methods.

The Skuldelev ships were excavated between 1957
and 1962 and conserved in the period from 1962 to
1975. When the conservation of the wrecks started,
the most used methods were still alum and creosote/
petroleum treatments. As these methods were quite
inadequate, the Skuldelev ships were the first wooden
archaeological finds to be conserved with Polyethyle-
ne glycol (PEG) in Denmark and thereby opening a
whole new era in conservation at the National Mu-
seum. New conservation methods, such as 100% PEG
impregnation and freeze-drying from tertiary butanol,
were introduced.

Several years later a new large archaeological find, the
Roskilde ships, was discovered during excavation of
a new museum harbour at the Viking Ship Museum
in Roskilde. The excavation took place from 1996
to 1997 and when the conservation started in 1998,
PEG was still the most frequently used impregnation
agent for waterlogged wood. However, its applicati-
on has changed over the years due to the progress in
the conservation skills and technical developments.
For example, wood has been impregnated with 40%
aqueous PEG solutions and freeze-dried in moulds to
obtain the correct shape in order to minimize handling
and destruction of the surface of the wood.
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IKi DANIMARKA GEMiSi BULUNTUSU

Roskilde Fiyordu'nda bes Skuldelev gemisi
1950’1erin sonlarinda arastirilarak 1960’larin basinda
cikarildiginda, Danimarka’da suya doymus ahsap
konservasyonu gelenegi 100 yasindaydi; ancak
bu defa bulunan Ornekler onceki arkeolojik ahsap
buluntulardan ¢ok farkliydi ve bdylesine olaganiistii
bir buluntunun meydana ¢ikarilmast Danimarka
acisindan bir ilkti. Gemilerin biitiinliigii % 15 ile % 80
arasinda degisiyordu. Bu olaganiistii kesfin kapsamli
bir agiklamasi Crumlin-Petersen, O. ve Olsen, O.’nun
“Skuldelev Ships I’, (2002) adli eserinde mevcuttur.
Gemilerin higbiri %100 tam olmamakla birlikte,
konservasyon boliimiine getirilen oldukca yiiksek
miktardaki ahsap; yeni konservasyon prosediirleri,
yeni ekipman ve konservasyon laboratuvarinin
onemli Olglide genisletilmesini gerektirmistir. Borge
Brorson Christensen ve Kirsten Jespersen, Skuldelev
buluntular1 nedeniyle bugiin bildigimiz sekliyle
Danimarka Ulusal Miizesi’'ndeki suya doymus
ahsap bolimiinii kuran konservatdrlerdir. Skuldelev
gemileriyle yaptiklari arastirma ve calismalar hala
Danimarka’daki gemi batiklarinin korunmasinda bir
donlim noktasidir ve Brorson Christensen’in bu biiyiik
girisimini anlatan “The Conservation of Waterlogged
Wood in the National Museum of Denmark” (1970),
(¢n: Danimarka Ulusal Miizesi’'nde Suya Doymus
Ahsap Konservasyonu) adl1 kitabi, onlarca yildir suya
doymus ahsap konusunda konservatorlerin bagvurdugu
o6nemli yaymlardan biridir.

Bundan yaklagik 50 yil sonra, 1997°de yeni bir batik
gemi buluntusu grubu kazilmistir. Roskilde gemileri,
Roskilde’de Viking Gemileri Miizesi yeni bir liman
insa edilirken kesfedilmistir. Biitiinliigii % 30 - % 60
oraninda bozulmamig olan sekiz gemiden olusan bu
buluntular, zamaninda Kuzey Avrupa’da kesfedilmis
olan en biiyilkk buluntu grubunu olusturmaktaydi.
Roskilde gemilerinin  konservasyonu, Skuldelev
gemilerinden elde edilen deneyimler ve diger biiyiik
suya doymus ahsap buluntularinin konservasyon
caligmalart tizerine kurulmustur. Adi gecen calismalar
1990 yilindan 2000 yilma kadar olan on yillik
donemde bu alandaki bilginin artisina ve tekniklerin
ilerlemesine 6nayak olmustur.

Her iki olguda da konservatorlerden beklenen
suya doymus ve yok olmakta olan arkeolojik gemi
ahsaplarmin bir yandan kaliciliginin saglanmasi
diger yandan Dboyutlarinin  degismeyeceginin
giivenceye alinmasi; bdylece parcalarin bir araya
getirilmesiyle gemi kalintisinin orijinal haliyle yeniden
olusturulmasiyd.
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TWO DANISH SHIP FINDS

When the five Skuldelev ships were investigated in
the late 19507ies and excavated from Roskilde Fjord
in the early 1960 ies the tradition for conservation
of waterlogged wood in Denmark was 100 years old
but it was the first time such a spectacular find was
revealed in Denmark, and very different from the
previous finds of archaeological wood. The comp-
leteness of the ships differed from 15% to 80%. An
extensive description of this remarkable discovery
can be found in Crumlin-Petersen, O and Olsen, O.
“The Skuldelev Ships 1", (2002). Though none of
the ships were 100% complete, the amount of wood
brought to the conservation department called for
new conservation procedures, new equipment and
quite an expansion of the conservation laboratory.
Borge Brorson Christensen and Kirsten Jespersen
were the conservators who, because of the find of
Skuldelev, founded the department of waterlogged
wood as we know it today in the Danish National
Museum. Their research and work with the Skul-
delev ships still stand as a milestone in the conser-
vation of shipwrecks in Denmark and for decades
Brorson Christensen’s book “The Conservation
of Waterlogged Wood in the National Museum of
Denmark” (1970), describing this huge undertaking
was one of the key publications among waterlogged
wood conservators.

In 1997, nearly 50 years later a new find of ships
was excavated. The Roskilde ships were discove-
red when the Viking ships museum in Roskilde was
creating a new museum harbour. Consisting of ei-
ght ships with a completeness differing from 30%
to 60%, this find was at the time the largest ship dis-
covery in Northern Europe. The conservation of the
Roskilde ships builds upon the experiences from
the Skuldelev ships along with other conservation
work from other large finds of waterlogged wood,
that has increased knowledge and techniques in the
field, mainly in the decade from 1990 to 2000.

The demands to the conservators were in both ca-
ses to bring the waterlogged degraded archaeologi-
cal ship timbers to a stable condition with as little
dimension change as possible and to enable reas-
sembly of the original wrecks.



BILGILER:

SKULDELEV GEMILERI

Kazi: 1962

Adet: 5 gemi; ikisi savag gemisi, ikisi ylik gemisi ve
bir balike1 teknesi.

Tarihleme: MS 1025-1050

Aga¢ cinsi: Mese (Quercus sp.), c¢am (Pinus
sylvestris) ve disbudak agaci (Fraxinus sp.)
Sergileme yeri: 1972’den beri Roskilde’deki Viking
Gemileri Miizesi.

ROSKILDE GEMiLER

Kazi: 1996-97

Adet: 8 gemi; biri savas gemisi ve yedisi yiik gemisi.
Tarihleme: MS 1030-1335.

Agac cinsi: Mese (Quercus sp.) ve cam (Pinus
sylvéstris).

Sergileme yeri: Bir gemi (Roskilde 6) gezici bir
Viking sergisinde uluslararasi olarak sergilenmistir;
Roskilde  gemilerinden  bazilar1  depodadir;
digerlerinin konservasyon siireci devam etmektedir.
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FACTS:

SKULDELEV SHIPS

Excavated: 1962

Amount: 5 ships, two war ships, two cargo ships and
one fishing boat.

Dated: 1025-1050 AD.

Wood: oak (Quercus sp.), pine (Pinus sylvéstris) and
ash (Fraxinus sp.)

Exhibited: The Viking ships museum in Roskilde,
since 1972.

ROSKILDE SHIPS

Excavated: 1996-97

Amount: 8 ships, one war ship and seven cargo ships.
Dated: 1030-1335 AD.

Wood: oak (Quercus sp.) and pine (Pinus sylvéstris).
Exhibited: one ship (Roskilde 6) is exhibited inter-
nationally in a travelling Viking exhibition, some of
the Roskilde ships are in storage, and some are still
undergoing conservation.

Fig. 1: Yagmurlama sistemi kurulu halde kazi alani, 1962. (Foto: Viking Gemi Miizesi-Roskilde)
Fig. 1: The excavation site in 1962 with the sprinkling system established. (Photo: The Viking Ship Museum in Roskilde)
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KAZI

Kazilarda yaklagim iki buluntu i¢in farkliydi; Skuldelev
alani, yillarca arastirildigindan g¢ok iyi planlanan (ve
muhtemelen daha pahali) bir kazi olanagi saglamusti.
Fiyortta bulunan batiklar etrafinda palpans perdeleri
olusturularak (editor: su tutmalik) deniz suyu ortamdan
uzaklastirilmis, boylece bir anlamda “sulak alan kazis1”
gerceklestirilmisti,.  Kazi tam olarak bitirilinceye
kadar ahgaplarin kurumamasini saglamak i¢in de bir
su piiskiirtme sistemi olugturulmustur (Fig. 1). Eser
tanimlamalar1 objeye metal bir ¢ivi ile sabitlenen plastik
sayilarla yapilmistir. Gemiler pargalara ayrilmig ve bu
pargalarin dagilmadan 1slak kalmasini saglayan biiyiik
plastik tanklara yerlestirilmistir. Her parca, nakliye igin
ahsap sedyelerle desteklenerek, Kopenhag’in kuzeyinde
yer alan Brede’deki Ulusal Miize’nin yeni donatilan
Konservasyon Departmani’na getirilmistir. Kazi dort
ayda tamamlanmistir.

Roskilde gemilerinin kazisina baslandiginda sekiz batik
bulunacag bilinmiyordu. Gemilerden yedisi karada, biri
de su altinda arkeologlar ve konservatorler tarafindan
kazilmistir. Karada ahsaplarin 1slak kalabilmesi igin
bir sulama sistemi olusturulmustur. Etiketleme, {izerine
her parcanin kursun kalemle numarasinin yazildigi
paslanmaz ¢elik bir civiyle objelere sabitlenen plastik
etiketlerle yapilmistir. Bu “anlamsiz bir ayrinti” gibi
gelebilir; ancak paslanmaz gelikten ¢ivi kullanmak ve
kursun kalemle yazmak oldukga etkin bir yontemdir ve
uzun vadede, konservasyon calismasi boyunca birkag yil
yok olmadan kalabilir.

Skuldelev  buluntusunda tam olarak uygulanan,

gemilerin kazi alaninda tamamen sokiilmesi yonteminin;
dokiimantasyonun yonetilmesi, geminin yapisinin ve
yapim tekniklerinin daha iyi anlagilmasinin saglanmas,
geminin rekonstriiksiyonu, elle tagima ve kaldirma (Fig.
2) ve konservasyon siiregleri gibi cesitli nedenlerle daha
avantajli oldugu kanitlanmistir.

EXCAVATION

The approach to the campaign was different for the two
finds; the Skuldelev site had been investigated for ye-
ars allowing a very thoroughly planned (and probably
costlier) excavation of the site. A sheet piling was pla-
ced around the shipwrecks in the fjord and the water
pumped away from the area to carry out a “wet land”
excavation. A water sprinkler system was established
to keep the timber wet until fully excavated (Fig. 1).
The labelling to identify the objects was done with
numbers cast in plastic, fastened to the object with a
metal nail. The ships were taken apart and each pie-
ce was placed in large plastic tubes where they were
kept moist and held together. Each piece was supported
by wooden stretchers for transport, and brought to the
newly equipped National Museum department of Con-
servation in Brede north of Copenhagen. In 4 months
the excavation was completed.

When the excavation of the first Roskilde ships started
no one knew that eight shipwrecks were to be found.
Seven ships were excavated on land. One ship was ex-
cavated under water by diving archaeologists and con-
servators. A water system was established in the exca-
vations on land to keep the timber wet. The labelling
was done with plastic labels, fastened to the object with
a stainless steel nail, on which the number of each part
was written with a pencil. This might seem a “silly de-
tail” but applying stainless steel nails and writing with
a pencil is efficient and remains stable on the long term
through several years of conservation treatments.

The methodology of full dismantling of the ships in
situ, practised fully for the Skuldelev find has proven
advantageous for several reasons such as; managing
the documentation and providing a better understan-
ding of the ship structure and building techniques, for
reconstruction purposes, for manual handling and lif-
ting (Fig. 2) and for the conservation process.

Fig. 2: Viking gemisi Roskilde 6’'nin omurgasi
kaldirilirken, 1997. (Foto: Viking Gemi Miizesi-
Roskilde)

Fig. 2: The lifting of the keel from the Roskilde
6 Viking ship in 1997. (Photo: The Viking Ship
Museum in Roskilde)
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Fig. 3: Skuldelev gemilerinin her bir pargasi igin veriler elle kartlara iglenirken, Roskilde gemilerinin tiim verileri
bilgisayarda depolanmistir. (Foto: Viking Gemi Miizesi-Roskilde)

Fig. 3:The recording of data of every single piece of the Skuldelev ships were done by hand on a card, whereas all data
from the Roskilde ships are stored on the computer. (Photo: The Viking Ship Museum in Roskilde)

Roskilde gemileri de kazi alaninda sokiilmiis, pargalar
kumas ve plastik folyolara sarilarak bir arada tutulmus,
ahsap sedyelerle desteklenmis, kaz1 alaninin yaninda su
tanklarina yerlestirilerek temizlik ve dokiimantasyona
kadar giivenli bir sekilde 1slak tutulmustur. Belgeleme,
miize adasinda arkeolojik kazilara yakin bir yerde
kurulmus olan yeni bir atdlyede gergeklesmistir.
Kazilar 10 ay icerisinde tamamlanmigtir. Gemilerin
kesfedilmesi beklenmedigi igin elde uzun dénemli
bir strateji olmadigi gibi finansal bir plan da mevcut
degildi. Uzun vadeli ¢6ziimler olusturuluncaya kadar
bozunan ahsaplar birka¢ kez gegici depolara taginarak
bekletilmistir.

IN SiTU DOKUMANTASYON

Skuldelev  gemilerinin  belgeleme islemlerinin
tamami in situ fotogrammetrik olarak yapilmistir.
Kaz1 alaninin kagida cizimleri yerine, gemilerin
tiim parcalar1 ayrintili bir sekilde fotografianmaistir.
Bu belgeleme islemi gemilerin planlarinin ve
boliimlerinin kazidan sonra ¢ok dogru bir sekilde
¢izilmesini saglamigtir. 1962°de kazidan depolamaya
kadar olan siirecte; kazidaki konum, eser ve
pargalarin tanimi, agag tiirleri, konservasyon islemi
ve saklama yeri gibi bilinen tiim veriler elle, fotograf
ve eskiz igeren bir karta kaydedilmistir (Fig. 3).

The Roskilde ships were also dismantled in the field,
pieces were held together with textile and plastic foil
bandages, supported by wooden stretchers and placed
in water tanks beside the excavation and kept secu-
rely wet until cleaning and documentation. The docu-
mentation took place in a new workshop established
on the museum island, close to the archacological ex-
cavation. In 10 months the excavations were comple-
ted. As the shipwrecks came as a surprise, there was
no long term preservation strategy at hand, nor was
there a financial plan. Until long term solutions were
established, several temporary storages were used
involving numerous moves of the degraded timbers.

DOCUMENTATION IN SITU

All the Skuldelev ships were documented photogram-
metrically in sifu. Instead of paper drawings of the site
each element of the ships was photographed in detail.
This documentation enabled a very accurate plotting of
the plans and sections of the ships after the excavation.
In 1962 all known data from excavation to storage were
recorded by hand, on a card with photographs and sket-
ches: position in excavation, description of element and
fragments, species of wood, conservation treatment and
place of storage (Fig. 3).
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Kazis1 su altinda yapilan Roskilde gemisi tam
donanimli bir ugbirim yoluyla dijital olarak, karada
kazilan gemiler ise yerinde klasik el ¢izimi ile
belgelenmistir. 1996 yilinda, gemilerin ve miinferit
parcalarmin tiim belgelerinin bir arada tutuldugu bir
veri tabani tasarlanmisgtir.

EX SITU DOKUMANTASYON

Skuldelev gemilerinin yiizlerce pargasi konservasyon
departmanina getirildiginde ahsap parcalar su ve
yumusak fircalar kullanilarak temizlenmistir. Gemilere ait
ahsaplarm tamamu 1:1 6lgeginde belgelenmistir. Cizimler,
ahsaplarin iizerlerine cam plakalar yerlestirildikten
sonra, renk kodlar1 dikkate alinarak, mum (pastel) boya
kalemleri kullanilarak
seffaf polyester folyolar
tstiine yapilmistir (Fig. 4).
Folyonun yansitict yiizeyi; i
eserin oOzelligi, kalemin ucu
ve ¢izimcinin  gdzlinden
yanstyan imge birlestiginde,
belirginlesen projeksiyonun
cam levhaya dik oldugunu
gosterir.  Ozellikle borda
kaplamalarinda  yontemin
hassasiyeti birkag milimetre
dahilindedir. Gemi iskeletini
olusturan ahsaplarin
egimlerine uyacak birkag
kesit daha  eklenmistir.
1962°de orijinal kenarlar
siyah  cizgilerle, borda
kaplamalarinin i¢ tarafindaki
kiriklar ise kirmizi ¢izgilerle
belirtilmisti. Borda kaplama
ve folyo ters gevrilerek diger
tarafin Ozellikleri ¢izimde
sar1 ile igaretlenmistir.

1997 yilinda

Roskilde gemilerinin
dokiimantasyonuna
baslarken kullanilan teknik
hala ayniydi; ancak mum
boya kalemlerinin yerini

su gecirmez kece uglu asetat kalemleri almisti, renk
kodlartysa degistirilmisti: Orijinal kenarlar hala
siyaht1 ancak dis kenar bir genis ¢izgi, i¢ kenar ise
ince bir ¢izgiyle isaretleniyordu. Borda kaplamanin
icindeki kiriklar yesil renkle isaretlenmisti. Borda
kaplama ve folyo ters ¢evrildiginde diger taraftaki
ilgi ¢ekici ozellikler ¢izim {izerinde kesik ¢izgi ile
isaretlenmisti.
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One of the Roskilde ships, the ship excavated un-
der water, was digitally documented using a total
station whereas the ships excavated on land were
documented by traditional hand drawing in situ. In
1996 a database was designed to hold the full do-
cumentation of the ships and their individual parts.

DOCUMENTATION EX SITU

When the hundreds of pieces from the Skuldelev
ships had been brought to the conservation depart-
ment, the wood was cleaned, using water and soft
brushes. The individual timbers of the ships were
documented in scale 1:1. The drawings were made
with colour codes, with crayon pens, on transparent
polyester foil supported on
a glass-plate over the tim-
ber (Fig. 4). The reflecting
surface of the folio indica-
ted when the feature of the
object, tip of the pencil and
the mirrored image of the
eye of the draftsman were
merging, showing that the
projection was perpendicu-
lar to the glass-plate. The
precision of the method is
within a few millimetres,
especially for the planks.
For the frame timbers more
cross sections were added
to make up for the curvi-
ness of the element. In 1962
the original edges were
indicated with black lines
and fractures on the inside
of the plank with red lines.
The plank and the folio
were turned and features of
the other side were marked
in yellow on the drawing.
When starting up the docu-
mentation of the Roskilde
ships in 1997, the technique
was still the same but the
crayon pens had been replaced by water proof felt
tip pens and the colour codes had changed: the ori-
ginal edges still in black but the outer edge was a
broad line, the inner a thin line. Fractures on the
inside of the plank were marked in green. When
the plank and the folio were turned the features of
interest on the other side were marked by a stitched
line on the drawing.

Fig. 4: Skuldelev gemilerinin dokiimantasyonu. Egrilerin
1:1 6lgeginde cizimi polyester folyo iizerine renkli kalemle
yapilmustir. (Foto: Viking Gemi Miizesi-Roskilde)

Fig. 4: Documentation of the Skuldelev ships. The 1:1
drawing of a frame timber is made using crayons on
polyester foil.(Photo: The Viking Ship Museum in Roskilde)



Birebir (1:1) ¢izim 1990’larin sonlarinda Roskilde
gemilerinin belgelenmesi sirasinda geliserek dijital
hale geldi. 3B (ii¢ boyutlu) program olan Rhino ile
bilgisayara baglh FaroArm kullanilmaya basland1. Ug
gemi neredeyse tamamen 3B olarak belgelenmistir
(Fig. 5). Hassasiyet milimetrik diizeydedir ve ahsabin
sekli ve bi¢imi ne olursa olsun 6lgmek miimkiindiir.
Cizimler 3B’dir; ancak rekonstriiskiyonda kullanmak
icin yazdirilabilir. Bununla birlikte, 3B kullanilan
rekonstriiksiyon g¢aligmalari devam etmektedir. Her
bir eleman, baslangicta analog daha sonra dijital
olarak fotograflanmistir.

Roskilde gemilerinin belgelendigi yillarda bilgisayar,
arkeoloji ve konservasyonun ayrilmaz bir pargasi
olmustur; in situ belgelemeden her bir 6genin
cizilmesine ve aciklanmasina kadar ¢ogu bilgi artik
dijital ortamda yer almaktadir. Her iki sekilde de
tam Olcekli dokiimantasyonun, analizin ve gemilerin
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KONSERVASYON DURUMUNUN DEGERLENDIRILMES]

Skuldelev gemilerinin ahsaplart i¢cin en uygun
konservasyon yontemlerinin arastirilmasi sirasinda
Brorson Christensen, bozulma diizeyi ve Oriintiisiiniin
konservasyonun basarisin1 biiylik olclide etkiledigini
saptamistir. Boylece, suya doymus arkeolojik ahgabin
bozunma Oriintiisiine gore bir smiflandirma sistemi
gelistirilmistir (Fig. 6). Sistem, ahsaplarin konservasyon
yonteminin se¢iminde uygulanmigtir. Ahsap tiirlerini
ve hiicresel diizeyde bozunmay1 belirlemek icin 151k
mikroskobu kullanilmistir. Makroskopik seviyede
yogunlugu ve su icerigini belirlemek icin 1slak agirlik,
firmnda kurutulduktan sonraki agirlik ve kiigiik 6rneklerin
hacimleri kullanilmistir. Kaburga ve borda kaplamalart,
ic omurga vs. temel olarak meseden (Quercus sp.) ve
az miktarda da ¢amdan (Pinus sylvéstris) yapilmistir.
Konservasyon uygulanarak iyilestirme yapilmasaydi
bu ahsap nesnelerin cogunlugu ¢okmeden, biiziismeden

yeniden insasiun Onemli bir pargast oldugu ve yiizey ¢atlamalarindan dolay: zarar gorecekti.!
kanitlanmistur.

1 JENSEN vd. 2002a

— i The 1:1 drawing progressed and became digital during the docu-

mentation of the Roskilde ships in the late 1990ies. A FaroArm
connected to a pc with a 3D programme, Rhino, was introduced.
Three ships were almost completely documented in 3D (Fig. 5).
The precision is within very few millimetres and it is possible to
measure the wood whatever shape or form it has. The drawings
are in 3D, but can be printed to be used for reconstruction. The re-
construction in 3D, however, is still being worked on. Every single
element was photographed, in the beginning as analogue photos
later as digital images.

The computer became an integrated part of archacology and con-
servation in the years where the Roskilde ships were documen-
ted and most information are now digital, from the documentation
made in situ to the drawing and description of each element. Either
way the full-scale documentation proved to be an important part of
the analysis and for making the reconstruction of the ships.

ASSESSMENTS OF THE STATE OF PRESERVATION

During his research to find the most appropriate conservation met-
hods for the timbers from the Skuldelev ships, Brorson Christen-
sen discovered that the degree and pattern of degradation heavily
influenced the success of the conservation treatment. Thus, a clas-
sification system for waterlogged archaeological wood in relation
to its degradation pattern was developed (Fig. 6). The system was
used for selection of conservation treatment for the timbers. Li-
ght microscopy was used to determine the wood species and the
degradation at a cellular level. The wet weight, oven-dry weight
and volume of small samples were used to determine the density
and water-content at a macroscopic level. The frames and planks,
keelsons etc. were mainly made of oak (Quercus sp.) and smal-
ler amounts of pine (Pinus sylvéstris). Without treatment, most of
these wooden objects would suffer from collapse, shrinkage and
surface checks if not conserved properly.!

Fig. 5: Roskilde gemilerinin FaroArm
cihazi ve 3D Rhino yazilimi kullanilarak
dokiimantasyonu. (Foto: Viking Gemi
Miizesi-Roskilde)

Fig. S:Documentation of the Roskilde ships,
using a FaroArm and the 3D computer
program Rhino. (Photo: The Viking Ship
Museum in Roskilde)

1 JENSEN et al., 20022 35



condition A——&
condition _B

condition

- gyt

Fig. 6: Bozunma derecesinin karakterizasyonu; A durumu: “gok bozunmus ahsap”, ylizeyde veya i¢ kisimda bulunmus,
B durumu: (genellikle sinirli bir bolge) “yar1 bozunmus” ve C durumu: ahgabin merkezinde/ortasindadir, ahsap daha
yogundur ve durumu “iyidir”. (Foto: Brorson-Christensen, B. (1970): The Conservation of Waterlogged Wood in the
National Museum of Denmark. The National Museum of Denmark, Copenhagen)

Fig. 6: Principle for characterisation of degree of degradation; Condition A: ‘very degraded wood’, found from the
surface and inwards, Condition B: (often a limited area) is ‘semi-degraded’ and Condition C: is in the center/core of the
wood, the wood is denser and the condition ‘good’. (Photo from Brorson-Christensen, B. (1970): The Conservation of
Waterlogged Wood in the National Museum of Denmark. The National Museum of Denmark, Copenhagen)

Brorson Christensen’in ahsap kosullart hakkindaki
bilimsel analizlerini baglatmasindan bu yana
konservasyon biliminin bu kismi Onemli odlgilide
gelismistir> Roskilde 6 gemileri konservasyon
laboratuvarma getirildiginde, Brorson Christensen’in
su igerigini ve ahsap yogunlugunu tahmin etme
yontemleri uygulanmis ve hiicre duvari yogunluklari,
gozeneklilikleri ve yayinirlik hakkinda bilgi verilmistir.
Dolayli, tahribatsiz yontemler, yani ahsaptaki difiizyon
katsayilarin1 tahmin etmek icin elektriksel iletkenlik
ve inorganik maddelerin (tuzlar, demir vb.) icerigini
analiz etmek gibi diger analiz tiirleri aragtirilmistir.
Bu analizler, malzemenin kontrolsiiz kurumasi {izerine
biiziilme ve ¢okme egilimi hakkinda bilgi saglar;
emprenye maddesi ve kurutma yonteminin se¢iminde
belirleyicidir. Sonuclar ahsabin emdirme ve kontrollii
kurutma siiresini, dolayisiyla toplam konservasyon
maliyetlerini tahmin etmede kullanilir} Inorganik
maddelerin igerigi hakkinda bilgi, konservasyon
isleminin tuzlar veya metalleri uzaklastirmak veya
azaltmak i¢in islemler igermesi gerekip gerekmedigini
gosterebilir, ayrica konservasyonu yapilmis ahgabin
gelecekteki depolama veya sergi ortami hakkinda
tavsiyelerde bulunurken de énemlidir.

2 JENSEN ve GREGORY 2006, GREGORY vd. 2007
3 JENSEN ve GREGORY 2006.
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Since Brorson Christensen initiated his scientific analy-
ses of the wood conditions, this part of the conservation
science has developed considerably.? When the Roskil-
de 6 ships were brought to the conservation laboratory,
Brorson Christensen’s methods for estimating water
content and wood density had been implemented and
were supplied with information about cell wall densities,
porosities and diffusivities. Other types of analyses were
investigated, such as indirect, non-destructive methods
i.e. electrical conductance to estimate diffusion coeffi-
cients in the wood and analysing the content of inorga-
nic substances (salts, iron etc.). These analyses provide
information about the material’s tendency to shrink and
collapse upon uncontrolled drying and are decisive for
selection of the impregnation agent and drying method
The results are used for estimating the duration of im-
pregnation and controlled drying of the wood and thus
the overall conservation costs.’ Information about the
content of inorganic substances can indicate whether the
conservation treatment must include processes to remo-
ve or reduce the amount of salts or metals and is also
important when giving advice on the future storage or
exhibition environment for the conserved wood.

2 JENSEN and GREGORY 2006, GREGORY et al,2007.
3 JENSEN and GREGORY 2006.



Suyadoymusarkeolojikahsabin,6zellikle gemibatiklari
gibi biiyiik yapilarin korunmasi ¢ok kapsamli kaynak
gerektirir; bozunmanin derecesini degerlendirmek
ve ahsabin yani sira gomiildigli ortamdaki bozunma
siirecininin anlagilmasi karar verme siireci agisindan
cok Onemlidir.* Roskilde 6 buluntusuyla birlikte
zamaninda karar vermek icin gerekli araclara sahip
olmanin dnemi ortaya ¢ikmistir. Suya doymus biiytik
arkeolojik gemi batiklar ile ugrasirken, buluntunun
ve gomiilii oldugu ortamin degerlendirilmesi, karar
alma siirecindeki prosediirlerin bir parcast olmalidir.
Giiniimiizde bu sahada, hem karada hem de sualti
ortaminda gerceklestirilebilmektedir. Sahada, su
altindaki ve karasal kazi alanlarindaki ahsaplarin
yogunluklarinin belirlenmesi i¢in bir ahsap yogunlugu
Olgegi gelistirilmistir.> Ayrica, hem sahada hem de
laboratuvarda, ahsaptan yukarida belirtilen analiz
tiirlerinde kullanilmak iizere en fazla 15 cm’lik kiigiik
karot numunelerini almak i¢in ¢esitli tiplerde artim
burgular1 kullanilir. Yogunlugun belirlenmesine ek
olarak, ahsabin tanimlanmasi i¢in 151k mikroskopisi,
taramali elektron mikroskopisi ve ¢ok ¢esitli kimyasal
analizler gibi gelismis teknikler uygulanabilmektedir.

EMDIRME VE KURUTMA METOTLARI

Skuldelev’in kazilan ilk ahsaplari, 1959-60 yillarinda
suya doymus ahsap i¢in doneminde en yaygin emdirme
maddesi olan sap ile islem gormiistiir. Polietilen glikol
(PEG), suya doymus ahsap konservasyonunda ilk
kez Stockholm’de Vasa’nin emdirme islemi sirasinda
kullanilmaya baslanmistir. Polietilen glikol, farkli
molekiiler agirlik ve viskozitelerde bulunabilen, suda
¢oziinen sentetik bir mumdur. Diislik derecelerde (200
ila 600) siv1 halde iken, yiiksek derecelerde (1000 ila
6000) kivam1 yumusak mumdan sert muma doniisiir.
Daha yiiksek molekiiler agirliklarda, ergime noktasi
artar, PEG daha az su alabilir hale gelir.

Brorson Christensen, PEG’nin olast kullanimi
hakkindaki arastirmalarina Vasa’yr g6z Oniinde
bulundurarak ve Isvecli meslektaslarina danistiktan
sonra baslamigtir. Kiitle halinde c¢ikartilan Vasa’ya
su ile seyreltilmis PEG ¢ozeltisi piiskiirtilmekteydi;
ancak Brorson Christensen Skuldelev gemilerinin
parca bazinda demonte edilerek kaldirilmasindan
dolay1 ahsaplar1 emdirme banyolarina batirmaya karar
vermistir. Ayrica, gemilerin parcalar halinde demonte
edilmis olmasi1 avantajina sahipti ve elle tasmabilir ve
amaca uygun imal edilmis tanklara sigdirilabilirdi.

4 GREGORY vd. 2007, GREGORY vd. 2012.
5 JENSEN vd. 2017
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Conservation of waterlogged archaeological wood,
in particular large structures such as shipwrecks, is
very resource demanding and assessing the degree
of degradation and understanding the degradation
process in the wood as well as in the burial envi-
ronment is crucial for the decision making process.*
The Roskilde 6 find actualised the importance of
having tools for timely decision making. When de-
aling with large waterlogged archaeological shipw-
recks, assessment of the find as well as its burial
environment should be part of the procedures in the
decision making process and today this can be con-
ducted already on the site; on land and under water.
A wood density profiler has been developed to use
for proxy determination of wood density in the field
both under water and at terrestrial sites.> Also vari-
ous types of increment borers are used both in the
field as well as in the laboratory for taking small
core samples up to 15 cm into the wood for the abo-
ve mentioned types of analyses. In addition to the
determination of density advanced techniques like
light microscopy, scanning electron microscopy
and a wide range of chemical analyses can be app-
lied in the characterization of wood.

THE IMPREGNATION AND DRYING METHODS

The very first excavated timbers from Skuldelev were
treated with alum, still being the common, most used
impregnation agent for waterlogged wood in 1959-
60. The use of Poyethylene glycol (PEG) had just
been introduced in waterlogged wood conservati-
on with the impregnation of the Vasa in Stockholm.
Polyethylene glycol is a water soluble, synthetic wax
available in different molecular weight and viscosi-
ties. The lower grades (from 200 to 600) are liquid,
the higher grades (from 1000 to 6000) go from soft
waxy to hard waxy in consistence. With higher mo-
lecular weights, the melting point increases and the
PEG becomes less able to take up water.

With Vasa in mind and after consulting the Swedish
colleagues, Brorson Christensen started his investi-
gations on the possible use of PEG. Where the Vasa
(being in one assembled large ship structure) was
sprayed with a solution of PEG in water, Brorson
Christensen decided because of the very fragmen-
ted state of the Skuldelev ships, to submerge the
wood in impregnation baths. He also had the ad-
vantage of the ships being dismantled into pieces in
dimensions that could be handled manually and fit
into purpose made tanks.

4 GREGOR Y et al. 2007, GREGORY et al. 2012
5 JENSEN et al. 2017).
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Ik islemler 60°C sicaklikta su ig¢inde % 10 (w/w)

PEG 4000 olan tanklarda gergeklestirilmis (Fig. 7);

emdirme % 95 (w/w) olana kadar kademeli olarak %

15 (w/w) artirtlmistir. Bu islem kiiciik yumusak ahsap

pargalart lizerinde basarili olurken, iyi korunmus mese

ahsaplariin {izerinde deformasyonlar gdzlenmistir.

Bu deneyimlere dayanarak soguk PEG c¢ozeltileri

ile emdirmeyi % 25’ten % 50’ye (w/w) ¢ikarmaya

baslanmis; emdirme islemi 7 ila 24 ay slirmiistiir.

Ahsabin ¢ogu, bozunma modeline bagli olarak iki

sekilde islem gormiistiir:

1. Daha fazla bozunmus, ¢okme egilimi gosteren
objelerde yontem 60°C’de % 95 (w/w) ile
tam emdirmeydi. Bu yontem, emdirilen eserin
sicakligim 20°C’ye diisiirtildiigiinde etki gosterir;
bu sicaklikta kati PEG ¢okelir ve ahsabin yapisini
destekler. PEG’in % 5 (w/w) gibi kiigiik bir kismi
kalan % 5 (w/w) suyun i¢inde siv1 olarak kalir. Bu
¢ozeltinin PEG’1, hava ile kurutma sirasinda suyun
buharlastirilmast ile tizerine ¢okelir.

2. Daha az bozunmus eserlerde, ilk ve ondeki egriler
ve i¢ omurga gibi kalin parcalar i¢in kullanilan
yontem, 20°C’de % 50 (w/w) kismi emdirme
islemidir. Kat1 PEG, suyun havayla kurutmayla
cikarilmasi iizerine ilk olarak c¢dkeldiginden,
yontem c¢okmeyi sadece kiiglik bir dereceye
kadar onler.

"'

’

The first processes were carried out in tanks with

10 % (w/w) PEG 4000 in water at 60°C (Fig. 7),

impregnation increased stepwise by 15 % (w/w)

until 95 % (w/w) was reached. This treatment was

successful on small pieces of soft timbers, whereas
deformations were observed on the well preserved
oak timbers. Based upon these experiences, impreg-

nation with cold PEG solutions increasing from 25

to 50 % (w/w) was introduced. The impregnation

lasted from 7 to 24 months

Most of the wood was, depending on the degradati-

on pattern, treated in two ways:

1. The method used for the more degraded objects,
with a tendency to collapse was full impregna-
tion, 95 % (w/w) at 60°C. This method works
by lowering the temperature of the impregnated
object to 20°C, where upon solid PEG precipi-
tates and supports the structure of the wood. A
minor part 5 % (w/w) of the PEG stays liquid in
the remaining 5 % of the water. The PEG of this
solution precipitates upon evaporation of the
water during air-drying.

2. The method used for lesser degraded objects,
first and foremost frames and thick parts like the
keelson, was a partial impregnation, 50% (w/w)
at 20°C. As the solid PEG first precipitates upon
removal of the water by air-drying, the method
only prevents collapse to a minor degree.

Fig. 7: Skuldelev gemilerinden birindeki kaburgalardan biri emdirme tankina yerlestiriliyor. Kirk y1l sonra Roskilde
gemileri de ayn1 ortamlarda emdirilirken, emdirme sirasinda artik 1sitict kullanilmadigindan orijinal tanklardan bazilart
degistirildi (fotograf: Roskilde’de bulunan Viking Gemisi Miizesi).

Fig. 7: A frame from one of the Skuldelev ships is placed in the impregnation tank. 40 years later the Roskilde ships are
impregnated in the same surroundings, some of the original tanks are changed since the heating of the impregnation is
not used nowadays. (Photo: The Viking Ship Museum in Roskilde)
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Havakurutma siiresi objelerin kalinligina bagliydive
birkag ay ile yarim yildan fazla bir zaman araliginda
gerceklestirilmistir. Islem uygulanan objeler koyu,
agir, sert ve kirilgandi, sonrasinda fazladan olusan
beyaz PEG tabakalarinin ylizeylerden giderilmesi
cok fazla igslem gerektirdi.®

Olagandis1 biiyiik pargalarin bazilarinin aldatici
oldugu diisiiniildii; bu pargalar i¢ omurganin iki
ucu, bolme duvart ve birka¢ egriden olusuyordu;
boyutlar1 ve durumlari nedeniyle bir kenara
birakilmiglardi.  1970’lerin  basinda, Brorson
Christensen bunlar1  1950’lerin  basindan beri
denedigi TBA / PEG konservasyon yontemiyle
islemden gecirdi. Ahsaptaki suyun yerini yavascga
su ve PEG ile karisabilen tersiyer biitanol (TBA)
olarak tanimlanan bir alkol aldi. Bu alkol 25.6
°C’de katilasan, 82.4 °© C’de kaynayan ve molekiil
agirlig1 74 olan bir maddedir. Molekiil ahgabin hiicre
yapisina niifuz eder ve su molekiiliiniin (donma ve
kristallesme sirasinda hacmini 6nemli 6lgiide artirir)
aksine, TBA molekiilii faz degisiklikleri sirasinda
degismeden kalir. TBA’da dehidrasyondan sonra
emdirme banyosu, TBA icinde % 40 (w/w) PEG
4000 ¢ozeltisine doniistiiriiliir ve sicaklik 54 °C’de
sabit tutulur. Son emdirme banyosu % 66 (w/w)
PEG / TBA ¢ozeltisidir. Emdirme sonrasinda ahsap
banyodan ¢ikarilarak plastikle sarilir ve PEG sifirin
birkag¢ derece iizerinde katilagir. PEG katilastiktan
sonra paketinden ¢ikarilarak vakum haznesine
yerlestirilir. TBA molekiilleri, kat1 kristal yapidan
gaz fazina dogrudan bir degisiklik olan siiblimasyon
yoluyla yapidan cikarilir. Birlestirici PEG ahsap
yapida kalir. Siire¢ ¢ok zekice hazirlanmistir,
¢linkii bozunmaya yiiz tutan, suya doymus
arkeolojik ahsapla ugrasirken ana zorluklardan
birini 6nleyecek sekilde tasarlanmistir; bu zorluk,
zayif hiicre duvarlarima sahip bozulmus ahsap
hiicre limeninden buharlagan sivi su nedeniyle
ahsap hiicre ¢okmesi olarak tanimlanabilir. Suyun
ylizey gerilimi yliksektir ve zayif bir hiicreden
kontrolsiiz bir sekilde buharlasma olmasiyla
birlikte, hiicre duvarlart hiicreleri geri donisi
olmayan bir diizlesmeye zorlar; buna ¢okiis denir.
Brorson Christensen’in yontemi zarifti ve giizel
sonuclar vermistir. Ne yazik ki, birkag kez sivi
degisimi yapmak i¢in biiyliik depolama tanklarina
ihtiya¢ duyulmustur ve islem uzun zaman almaistir.
Ayrica, TBA hem oldukca yanic1i hem de sagliga
zararhdir, biiyiik Olgekli suya doymus ahsap
konservasyon projelerinde giivenli bir alternatif
olarak diisiiniilemez.

6 JENSEN vd. 2002a
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The air-drying period depended on the thickness of
the objects and lasted from a few months to more
than half a year. The treated objects were dark, he-
avy, inflexible and brittle and required a lot of post
treatment removing the white layers of excess PEG
from the surfaces.®

Some of the extraordinary large pieces were consi-
dered to be tricky; these included two keelson ends,
bulkhead and some frames and had been set aside
because of their size and state. In the beginning of
the 1970 es, Brorson Christensen treated these with
a conservation method he had been experimenting
with since the beginning of the 1950"ies; the TBA/
PEG method. The water in the wood was slowly
replaced with an alcohol; tertiary butanol (TBA)
which is miscible with water and PEG. It solidifies
at 25.6°C, boils at 82.4°C and has a molecular wei-
ght of 74. The molecule penetrates the cell structure
of the wood, and unlike the water molecule (which
increases its volume considerably during freezing
and crystallisation), the TBA molecule remains un-
changed during phase changes. After dehydration in
TBA the impregnation bath is changed to a solution
of 40 % (w/w) PEG 4000 in TBA, and the tempera-
ture is kept to 54°C. The final impregnation bath is a
66 % (w/w) solution of PEG/TBA. After impregna-
tion the wood is removed from the bath, wrapped in
plastic and the PEG solidifies at a few degrees above
zero. Once the PEG has solidified they are unpacked
and placed in a vacuum chamber. The TBA molecu-
les is removed from the substance via ‘sublimation’,
a direct change from the solid crystal structure to a
gaseous phase. The consolidating PEG remains in
the wood structure. The process is very intelligent,
as it is designed to prevent one of the main challen-
ges when dealing with degraded waterlogged archa-
eological wood; that the wood cell collapses because
of liquid water evaporating from the degraded wood
cell lumen with weak cell walls. The surface tensi-
on of water is high, and its uncontrolled evaporation
from a weak cell forces the cell walls together in an
irreversible flattening of the cells; collapse. Brorson
Christensen’s method was elegant and produced be-
autiful results. Unfortunately, the several exchanges
of the liquids required large storage tanks and took
a long time to process. Moreover, the TBA is both
highly flammable and health hazardous and could
not be considered a safe alternative for large water-
logged wood conservation projects.

6 JENSEN et al. 2002a
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Roskilde gemileri konservasyona hazir duruma gelinceye
kadar, PEG’in 6zellikleri biliniyordu ve vakumlu dondurarak
kurutma yoluyla suyun siiblimlesmesi, suya doymus
ahsap konservasyonunda kullanilmak iizere yaygin olarak
uygulandi. Su i¢inde en sik kullanilan PEG’lerin donma
ozellikleri ayrintili olarak analiz edilmistir.” 1997 yilina
kadar PEG 4000 gibi yiiksek molekiiler kiitlenin molekiiler
boyutunun ahsabin hiicre duvarina giremeyecek kadar
biiyiik oldugu bilimsel olarak kanitlanmistir.®> Ayni zamanda
oda sicakliginda kati bir emdirme maddesi olan PEG 2000,
hiicre [iimenine ve bir dereceye kadar hiicre duvarina niifuz
edebilir. PEG’in boyutlara ve degradasyon derecesine gore
suya doymus ahgaba diflizyonu igin modeller gelistirilmistir.’
(PEG 2000’in diger 6nemli dzellikleri, vakumlu dondurarak
kurutma islemi sirasinda ve sonrasinda stabilize edici
bir ajan olarak hareket etmesi ve bir kriyoprotektan (¢n:
donma etkisinden koruyan) olarak calismasidir; dondurma
isleminde buz kristallerinin genislemesini azaltir. Bu
sonuclara dayanarak PEG 2000, Roskilde gemilerinin
emdirme maddesi olarak se¢ilmistir.'°

Roskilde gemilerinde uygulanan konsantrasyon ve iglemler
- biiyiik ol¢lide laboratuvarimizda halen uygulanmakta
olan prosediirler % 10’dan (w/w) baslayarak ahsabin oda
sicakliginda PEG 2000’li sulara batirilmasini ve ahsabin
boyutlarina ve bozulma derecesine bagli olarak en az 3
yil boyunca % 40’a (w/w) artirllmasini igeriyordu. PEG
emdirme isleminden sonra, malzemede kalan su vakumlu
dondurma-kurutma ile uzaklastirilir ve pargalar tanklardan
cikarilarak ve dondurma-kurutma odasina getirilir (Fig. 8).
Roskilde 6 gemisi gibi sergilenmek iizere konservasyon
uygulanan gemi batiklar1 sekline gore dondurularak
kurutulur. PEG emdirilmis objeler dogru sekli elde etmek
icin kaliplara yerlestirilir (Fig. 9)." Gemi pargalarimni
sekillendiren ve sabitleyen kaliplar, vakumlu dondurucu
kurutma makinesine yerlestirilir ve PEG ve suyun tamamen
sert ve kristallesmis oldugu sicakliklara (en az -25°C) kadar
dondurulur. Buz ve kati PEG’den olusan donmus yap1 ahsab1
destekler. Vakum uygulandiginda (0,01 mbar) matristeki
buz kristalleri kat1 fazdan gaz fazina (stiblimasyon) doniisiir
ve ahsaptan ve dondurarak kurutma bélmesinden harici buz
tuzaklara c¢ikarilir. Objelerin boyutlaria bagli olarak,
vakumlu dondurma kurutma islemi 4 ila 6 ay arasinda siirer.
Islem uygulanan objeler hafif renk ve agirliktadir; daha
sonra yapilacak olan montaj ve gemi montaji i¢in dogru
sekle sahiptir. Gliniimiizdeki vakumlu dondurarak kurutma
yontemi, Brorson Christensen’in siiblimlesme yoluyla suya
doymus PEG emdirilmis ahsaptan sivilari uzaklastirma
fikriyle baglantilidir; ancak uygulama artik daha az miktarda
tehlikelidir ve saglik agisindan daha az tehlikeli maddeler
icermektedir.

7 JENSEN vd. 1993, JENSEN vd. 2002b, JENSEN VE SCHNELL 2004.
8 JENSEN vd. 1993.

9 JENSEN vd. 1993.

10 JENSEN vd. 2011.

11 STRETKVERN vd. 2009
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By the time the Roskilde ships were ready for conserva-
tion, the properties of PEG were known and sublimation
of water via vacuum freeze-drying was widely applied
for use in conservation of waterlogged wood. The fre-
ezing characteristics of the most frequent PEG’s in wa-
ter had been thoroughly analysed.” By 1997 it had been
scientifically proved that the molecular size of high mo-
lecular mass like PEG 4000 is too big to enter the cell
wall of the wood.® PEG 2000, also a solid impregnation
agent at room temperature, can penetrate into the cell
lumen and to some degree in the cell wall. Models for
the diffusion of PEG into waterlogged wood according
to dimensions and degree of degradation had been de-
veloped.” Other important properties of the PEG 2000
are that it acts as a stabilising agent during and after
the vacuum freeze-drying process and works as a cr-
yoprotector; it reduces the expansion of the ice crystals
during the freezing process. Based upon these results,
PEG 2000 was selected as impregnation agent for the
Roskilde ships.'°

The concentration and process applied for the Roskil-
de ships — to a great extent the procedures still applied
in our laboratory — consisted of immersing the wood
in tanks with PEG 2000 in water at room temperature,
starting at 10 % (w/w) increased to 40% (w/w) over at
least 3 years depending of the dimensions and degree of
degradation of the wood. After PEG impregnation, the
pieces are removed from the tanks and brought to the
freeze-drying-chamber and the water remaining in the
material is removed by vacuum freeze-drying (Fig. 8).
Shipwrecks conserved for exhibition, such as the Ros-
kilde 6 ship, are freeze-dried in shape. The PEG impreg-
nated objects are placed in moulds in order to obtain the
correct shape (Fig. 9)."! Moulds, shaping and fixing the
ship pieces, are placed in the vacuum freeze-dryer and
frozen to temperatures where PEG and water is comp-
letely stiff and crystalline (at least -25 °C). The frozen
structure consisting of ice and solid PEG, supports the
wood. When vacuum is applied (0,01 mbar) the ice crys-
tals in the matrix change from solid phase to gas phase
(sublimation) and is removed from the wood and the fre-
eze-drying chamber to external ice traps. Depending of
the dimensions of the objects, the vacuum freeze-drying
process takes from 4 to 6 months. The treated objects are
light in colour and weight, and have the correct shape for
later mounting and ship assembly. Today’s vacuum free-
ze-drying method links nicely back to Brorson Christen-
sen’s idea of removing the liquids from the waterlogged
PEG impregnated wood via sublimation, but now app-
lying less dangerous and health hazardous substances.

7 JENSEN et al.1993, JENSEN et al. 2002b, JENSEN AND SCHNELL 2004.
8 JENSEN et al. 1993.

9 JENSEN et al. 1993.

10 JENSEN et al. 2011

11 STRETKVERN et al. 2009



Fig. 8: Roskilde 6’nin omurgasinin uzun
pargalardan birinin Tiirk meslektaslarimizin
yardimiyla konservasyon tankindan alinarak
vakumlu dondurucu- kurutucuya yerlestirilmesi.
(Foto: Viking Gemi Miizesi-Roskilde)

Fig. 8: One of the long keel parts from Roskilde 6
is carried from the impregnation tank to the vacuum
freeze-dryer with help from Turkish colleagues.
(Photo: The National Museum of Denmark)

Fig. 9: Roskilde 6 omurgasinin dondurarak-kurutucu
icin hazirlanist. 32 m uzunlugundaki omurganin
parcalar1 vakumlu dondurucuya itilmeden 6nce
diizenlenerek kizaga sabitleniyor. (Foto: Viking Gemi
Miizesi-Roskilde)

Fig. 9: The preparation with freeze drying the Roskilde
6 keel. The parts of the 32m long keel are arranged

and fixed to the slate before it is pulled into the
vacuum freeze drier. (Photo: The National Museum of
Denmark)
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SEKILLENDIRME, MONTAJ VE SERGILEME

Skuldelev  gemilerinin  konservasyon iglemleri sona
erdiginde, bu olaganiistii buluntunun sergilenmesi igin hazir
bir plan ve miize zaten vardi; Roskilde Viking Gemi Miizesi.
Ancak demonte durumdaki gemilerin sergi Oncesinde
yeniden inga edilmesi ve bir araya getirilmesi gerekiyordu.
Metal tastyict konstriiksiyonlar, Skuldelev gemilerinin
in situ kayitlan ile birlikte her bir elemanin orijinal tam
Olcekli belgelenmesine dayali rekonstriiksiyonlara gore
imal edilmigtir. Emdirme ve hava ile kurutma sonrasinda
borda kaplamalar1 sertlesmis ve sekilleri yeniden insa edilen
gemi egrilerine uymamusti. Orijinal 1:1 belgelenmis borda
kaplamalarinin her birinin sekline dayanan fiber plaka
kaliplar1 olusturuldu. Borda kaplamalarinin kavisleri 6l¢iildii
ve fiber plaka dogru sekilde tutulurken, dogru kavislere
sahip kaliplar inga edildi. Kuru, tam PEG emdirmesi
yapilmis borda kaplamasi yuvadaki kaliba yerlestirildi ve
PEG eriyene ve ahsap esnek hale gelene kadar birkag saat
boyunca 6zel yapim bir nemli kabin i¢inde 60°C’ye kadar
1sit1ld1. Hentiz sicakken, kaliptaki borda kaplamasina uygun
kavis verildi; ardindan pargalar kiirdanlarla veya ince ahsap
ve metal ¢ubuklarla baglanarak sogumaya ve katilagmaya
birakildi. Daha sonra borda kaplamasi yuvadan kaldirildi
(Fig. 10) ve borda kaplamalarini yerinde tutmak i¢in orijinal
demir c¢ivi delikleri kullanilarak tasiyict metal kaburgaya
monte edildi."

12 JENSEN vd. 2002a
SHAPING, MOUNTING AND EXHIBITION

When the conservation treatment of the Skuldelev ships had
finished, there was already a plan and a museum ready for
the exhibition of this remarkable find; the Viking Ship Mu-
seum in Roskilde, but the disassembled ships needed to be
reconstructed and assembled prior to exhibition. Metal fra-
mes were made from the reconstruction based on the origi-
nal full-scale documentation of the single elements combi-
ned with the in situ recordings of the Skuldelev ships. After
impregnation and air drying, the planks were stiff and not
shaped to fit into the reconstructed ship frames. Fibreboard
moulds based upon the shape of each of the original 1:1 do-
cumented plank was created. The curvature of the plank was
measured and with the fibreboard held in the right shape, a
dock with the right curvatures was built. The dry, full PEG
impregnated plank was placed on the mould in the dock and
heated to 60°C in a special build humid chamber for several
hours until the PEG melted and the wood became flexible.
While still warm, the plank in the mould was given the ri-
ght curvature, fragments were connected with tooth picks or
thin wooden and metal sticks and the wood left to cool and
solidify. The plank was then lifted (Fig.10), from the dock
and mounted into the supporting metal frame, using the ori-
ginal iron nail holes to keep the planks in place."

12 JENSEN et al. 2002a

61



Fig. 10: Skuldelev 1’de borda kaplamalarinin sekillendirilerek test-montajlarinin yapilmasi. (Foto: Viking Gemi Miizesi-Roskilde)
Fig. 10: The shaping and test-mounting of the planks in Skuldelev 1. (Photo: The Viking Ship Museum in Roskilde)

Roskilde  gemilerinin  sergilenmesinde,  deforme
olmus veya diiz gemi elemanlarinin monte edilmesini
saglayabilmek i¢in, ahsaplar 1slak ve emdirilmis
durumdayken dogru sekilde sekillendirilmistir. Omurga
parcalariyla egriler celik gergevelere baglanmis, kiriklar
dogru pozisyonda sabitlenmis ve kaliplar veya kamalar
dondurarak kurutma oncesinde borda kaplamalarmin
altina yerlestirilmistir. Bu siirecte kullanilan kavisler ve
formlar, bastaki 1:1 dokiimantasyona ve geminin tam
rekonstritksiyonuna dayanmaktadir.”® Sabitlenmis form
ve pozisyonlar, dondurarak kurutma islemi sirasinda
korunur. Gemi elemanlarinin ahsap hala islak, emdirilmis
ve esnek durumdayken sekillendirilmesi, sergilenmek
iizere monte edilmeleri sirasinda yiizeyin hasar gérme
riskini en aza indirir. Ayrica, montaj sirasinda PEG’nin
bozunmaya yol agacak sekilde i1sinmasi engellenmis olur.

UZUN SURELI STABILITE VE BAKIM

Skuldelev gemilerinin neredeyse tiim pargalarinin
konservasyon islemleri PEG 4000 kullanilarak
gergeklestirilmistir. PEG, normal miize ikliminde (20°C,
% 50 RH) ¢ok kararl1 bir koruma ajan1 olmasma ragmen
% 85 RH tizerinde higroskopik olmaya baslar. Skuldelev
gemilerinin  konservasyonunda  kullanilan  1s1tma
islemleri, PEG’de bir miktar bozunmaya yol agtigindan,
suyun emilmesi daha diisiik bagil nem oranlarinda
gerceklesebilir. Cogu arkeolojik gemi ahsabi gibi,
Skuldelev gemilerindeki borda kaplamalar1 ve egriler de,
cesitli kimyasal bilesimlerde hem kiikiirt hem de demir
icermektedir. Konservasyon ve sergileme sirasinda,
bu kimyasallar nem ve oksijen ile reaksiyona girerek
1980’lerin basinda tuz / korozyon iiriinleri demir ¢ivilerin
orijinal delikleri etrafinda goriiniir hale gelmistir.

13 STRETKVERN vd. 2016; STREATKVERN VE GOTHCHE 2017
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In order to enable mounting of misshapen or flat
ship parts for display of Roskilde ships, the timbers
are fixed in the right shape while wet and impreg-
nated. Keel parts and frame timbers are fastened in
steel frames, fractures are fixed in the right position
and moulds or wedges are placed under the planks
before freezing. The curvatures and shapes used in
this process are based upon the initial 1:1 documen-
tation and the full reconstruction of the ship.!* The
fixed frozen shapes and positions are preserved du-
ring the drying process. Shaping of the timbers whi-
le the wood is still in wet, impregnated and flexible
condition minimises the risks of the surface being
damaged upon mounting for display. Moreover, the
degrading heating of the PEG during mounting is
avoided.

LONG TERM STABILITY AND MAINTENANCE

Nearly all parts of the Skuldelev ships were conserved
with PEG 4000, which under normal museum climate
(20°C, 50% RH) is a very stable conservation agent, as
it first starts to absorb water at RH above 85%. As the
heating processes in the conservation of the Skuldelev
ships have resulted in some degradation of the PEG the
sorption of water can start at a lower RH. Like most ar-
chaeological ship timbers, the planks and frames from
the Skuldelev ships contain both sulphur and iron in va-
rious chemical compositions. During the conservation
and exhibition, these chemicals reacted with moisture
and oxygen, and in the beginning of the 1980ies salt/
corrosion products became visible around the original
holes for iron nails.

13 STRETKVERN et al. 2016, STRETKVERN AND GOTHCHE 2017



Kirsten Jespersen tarafindan demir siilfat olarak analiz
edilen bu durumun esas olarak sergi salonundaki
kontrolstiz yiiksek bagil nemden kaynaklandigina
inanilmaktadir. 1984 yilinda yapilan kapsamli temizlik
ve % 50’ye yakin bagil nem oranina sahip sabit iklim
kosullarinin olusturulmasi demir siilfatin daha fazla
yayllmasint  durdurmustur. PEG’den kaynaklanan
mavimsi / beyaz bir dokiintii yillar boyunca ahsapta
giderek daha fazla goriilebilir hale gelmistir. Bu durum
muhtemelen ¢ok fazla dogal 1s1k ve PEG’nin bozunmaya
neden oldugu ahsapta goriilen bir miktar 1smnmadan
kaynaklanmaktadir.'* Su anda, renk degisikligi ve
dokiintiiye neden olan faktorler (ne zaman, nasil, nerede
ve neden) arastirilmaktadir.

Roskilde gemilerinin tamamina 20°C’de PEG 2000 ile
emdirme yapilmasi suretiyle PEG’nin islenmis ahgabi
1sitarak termal bozunmaya yol agmasindan kagimilmaistir.
Hasarsiz PEG 2000 o6ncelikle miize iklimi i¢in standart
normlarin (20°C, %50 bagil nem) cok iizerinde olan
% 80 bagil nemi emmeye baslayacaktir. Kuru PEG
yalnizca minimum miktarda emilmis su i¢erdiginden,
tuzlarin ve ¢oziinmiis PEG’nin ahsap i¢inden ¢ikisi ¢ok
sinirli olmalidir. PEG ile islem gérmiis ve dondurularak
kurutulmus ahsabin agik yapisi, oksijenin ahsaba
ve icerdigi demir ve kiikiirtlii kimyasal maddelere
hizli bir sekilde erismesini saglar. Bu nedenle, tuz
yayilmalartyla ilgili potansiyel sorunlarin vakumlu
dondurarak kurutmadan sonraki ilk yillarda ortaya
¢itkmasi beklenmektedir. Simdiye kadar, konservasyonu
tamamlanmis Roskilde gemi ahsaplarinda, yalnizca
bir kez, ama ne yazik ki kapsamli bir tuz yayilmasi
kaydedilmigtir. Bu durum bir sergi alanindaki bagil
nemin ¢ok hizli ve agir1 artisindan kaynaklanmustir.
Viking Gemi Miizesi’nde sergilenmeye basladiktan
sonra Skuldelev gemilerine uygulanan yiizey islemleri
konusunda fazla bir sey bilinmemektedir. Gemilerin
belirli kisimlarinda balmumu kokusu belirgin bir sekilde
hissedilmekte ve ahsabin bazi renksiz kisimlarini
gizlemek i¢in uygulanan renkli bir balmumunun izleri
goriilmektedir. Bu istenmeyen Ozellikler artik hemen
hemen yok olmaya yiiz tutmustur; gemilerin yillik
periyodik temizlikleri yapilirken her seferinde bir
miktar daha diizelme saglanmaktadir.

Konservasyonu yapilmis Roskilde gemi ahsabinin
yiizeyinde miidahale gerektiren bdlgeler halen
gorlilmektedir; kirillgan  veya tutmamis, fazlaca
bozunmaya ugramis alanlarin yiizeylerine etanol icinde
% 20 PEG 2000 ¢ozeltisi siirtilerek firgalanir. Bu islem,
kurutulduktan sonra ve bazen birden fazla kez herhangi
bir durumda ahsaba uygulanabilir.

14 MORTENSEN 2009
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These outbreaks, analysed as iron sulphate by Kirs-
ten Jespersen, are mainly believed to be caused by
uncontrolled high RH in the exhibition hall. Thorou-
gh cleaning in 1984 and establishing of a stable cli-
mate with a RH close to 50% stopped further outbre-
aks of the iron sulphate. A bluish/white precipitation
from the PEG has become increasingly visible on
the wood over the years. It is presumably caused by
too much natural light and incidental heating of the
wood degrading of the PEG.!"* Currently, the natu-
re (when, how, where and prompting factors) of the
discolouring and precipitation is being investigated.
The Roskilde ships are all impregnated with PEG
2000 at 20°C and thermal degradation of the PEG
by heating the treated wood has been avoided. Un-
damaged PEG 2000 will first start to absorb mo-
isture at a RH of 80 %, far above standard norms
for museum climate (20°C, 50 % RH). As the dry
PEG only contains a minimal amount of absorbed
water, migration of salts and dissolved PEG in the
wood should be very limited. The open structure
of the PEG-treated and freeze-dried wood allows
a fast access of oxygen into the wood and to the
containing iron and sulphur chemical agents. The-
refore, potential problems with salt outbreaks are
expected to take place in the first years after the
vacuum freeze-drying. Until now, only one, but
unfortunately a rather extensive sudden salt outb-
reak has been recorded on conserved Roskilde
ship timbers. This outbreak was caused by a very
rapid and extreme increase in the RH in an exhi-
bition area.

We know little of the surface treatments applied
on the Skuldelev ships after they were put on
display in the Viking Ship Museum. The smell of
bees wax on certain parts of the ships is unmista-
keable, and we can see traces of a coloured wax
that has been applied to hide some discoloured
parts of the wood. These features are almost gone
now; we remove a bit every time we do the annual
cleaning of the ships.

The conserved Roskilde ship wood still has areas
that requires surface treatment; very degraded are-
as that are brittle or incoherent are brushed with
solutions of 20 % PEG 2000 in ethanol onto the
surface. This treatment can be given to the wood
at any state after drying and sometimes more than
once.

14 MORTENSEN 2009
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Viking gemilerinden besini sergilemek hedefiyle tasarlanan
Roskilde Viking Gemi Miizesi'nde, ziyaretcilerin gemilere
yaklasarak tizerlerinden parga calmalar1 gibi bir sorunla
karsilagilmisti. Bunun iizerine bulunan ¢dziim, gemileri
cevreleyecek sekilde yerlestirilen kordonlar oldukca
etkili olmustur. Acik bir sergi salonunda beklendigi gibi
ziyaretcilerin neden oldugu, gemilerin yiizeylerine sacilan
tozlar da bir diger sorundur. Konservator olarak gorev alan
caliganlarin yilda bir uyguladiklari elektrikli siipiirgeyle
cekme yontemiyle gemilerin tozlar1 almmaktadir
(Fig. 11). Ozen gosterilerek yapilsa da, diizenli temizlik
yiizeyleri bozulmaya yiiz tutmug olan gemilerin dmriinii
kisaltmaktadir.

Halen Roskilde gemilerinden biri diginda tamami
konservasyonu takiben depoda tutulmaktadir. Roskilde
6 simdiye kadar kazisi gerceklestirilen en uzun Viking
gemisidir ve 2013 yilindan beri sergilenmektedir (Fig.
12); ayn1 zamanda gezici bir sergide yer alan ilk arkeolojik
Viking gemisidir. Gemi sik sik yer degistirdiginden
dolay1 iizerine toz ¢okmesi de bu sekilde dnlenmektedir.
Yine de arkeolojik ahsap normalin tizerinde miidahaleye
maruz kaldigindan yiizeyleri ve kirilgan kenarlar
yipranmakta ve aginmaktadir. Roskilde 6 Viking gemisi
2021 yazinda Danimarka Ulusal Miizesi'nde siirekli
olarak sergilenmeye baglanacagindan, maruz kalmakta
oldugu olumsuz etkenlerde azalma olacaktir. Bununla
birlikte gemiyle ziyaretcilerinin arasinda uygun mesafenin
korunmast geminin biiyiikligii (37 metre) gbz Oniine
alindiginda oldukea gii¢ gdziikmektedir. Geminin iizerine
toz ¢okmesinin halledilmesi gereken bir sorun olmaya
devam etmesi beklenmektedir.

In the Viking Ship Museum in Roskilde, which was
designed to exhibit the five Viking ships, the mu-
seum visitors come close to the ships, and stealing
of fragments from the ships used to be a problem.
Cords installed around each ship as a simple fence
practically solved this problem. Dust produced by
visitors and spread onto the ship surfaces is another
problem - as can be expected in an open exhibition
hall. Once a year, conservators have to remove the
dust from the ships by vacuuming (Fig. 11). Alt-
hough carried out carefully, the regular cleaning of
the degraded surfaces reduces the life span of the
ships.

At the moment, all but one of the Roskilde ships
have a future in the storage after conservation.
Roskilde 6, the longest Viking ship ever excavated,
has been on display since 2013 (Fig. 12) and is the
first archaeological Viking ship in a travelling ex-
hibition. The frequent moving of this ship prevents
the dust to settle. However, the extra handling of
the archaeological wood wears and tears the sur-
faces and fragile edges. As the Roskilde 6 Viking
ship will be permanently exhibited in the National
Museum in Denmark from the summer 2021, these
degrading factors will be reduced. Protection aga-
inst the public will remain a challenge, as the size
(37 meters) of the ship makes it difficult to keep
the appropriate distance between the public and the
ship. It is expected that the dust settling will beco-
me an issue to deal with.

Fig. 11: Viking Gemi Miizesindeki batiklarm yillik temizligi. (Foto: Werner Karrasch, Viking Gemi Miizesi-Roskilde)
Fig. 11: The annual cleaning of the ships in the Viking Ship Museum. (Photo: Werner Karrasch, The Viking Ship Museum in Roskilde)
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Fig. 12: Roskilde 6 Viking gemisi yurtdigina
gonderilmeden dnce Danimarka Ulusal Miizesinde
sergileniyor, 2013. (Foto: John Lee, Danimarka Ulusal
Miizesi)

L e P s
Fig. 12: The Roskilde 6 Viking ship in exhibition in the

Danish National Museum in 2013 before travelling to
other exhibitions abroad. (Photo: John Lee, The Natiénal

Museum of Denmark)

SONUC TESPITLERI

Skuldelev gemisinin konservasyonu oncii bir projeydi.
Projenin tiim boliimleri gelistirildi, yeni yontemler
kesfedildi, uygulandi, gézden gegirildi ve etkinlestirildi.
Fiyorttaki bes gemi herhangi bir ingaat faaliyetini
engellememislerdi, tek sikayeti olan zaman zaman aglar
tahrip olan balik¢ilards; kimse Skuldelev gemi ahsaplarinin
‘kurtarilmast’ gibi bir talepte de bulunmamigti. Kaziya
yalnizca arastirma yapmak, sonrasinda da buluntulari
sergilemek hedefiyle baslanmisti. Projeye 1960’larin
ilk yillarinda baglandiginda, suya doymus ahsabin
korunmasi gelenegi Danimarka’da 100 yagmi bulmustu
bile. Bununla beraber bdylesine muhtesem bir buluntu
ilk kez kesfedilmisti. Buluntu, dnceki arkeolojik ahsap
kalmtilarindan  ¢ok  farkliydi. Konservasyona tabi
olacak ahsap miktar1 yeni konservasyon prosediirleri ve
cihazlarin gelistirilmesi ile konservasyon laboratuvarinin
genisletilmesini gerektiriyordu. Kamuoyundaki farkindalik
ve heyecan kaynaklarin tahsisini hakli gosteriyordu. Kisa
bir siire sonra teshir icin gemilerin tamamina konservasyon
uygulanmasi, bu amagla da amaca uygun miizenin inga
edilmesi geregi dogrulanmis oldu.

Yapilan iglemlerin hepsi talepleri tam olarak yerine
getirmedi; ancak kosullar goz dniine alindiginda, Brorson
Christensen ve Jespersen’in ¢alismalari basarili oldu; daha
sonra kullanilacak yontemler ve aragtirmalar agisindan bir
dayanak olusturarak giiniimiizde batik konservasyonunda
bir kilometre tasi olarak durmaktadir. Roskilde gemilerinin
korunmasinin, 6zellikle 1990-2000 yillar1 arasinda diger
biiyiik suya doymus ahsap buluntularla yapilan ¢alisma ve
aragtirmalar ile birlikte olusturulan bir kilometre tasidir.

(ONCLUDING REMARKS

The conservation of the Skuldelev ship was a pione-
er project. All parts of the project had to be develo-
ped, new methods invented, exploited, revised and
improved. The five ships in the fjord were not blo-
cking any construction activity, apart from the lo-
cal fishermen occasionally having their equipment
destroyed by heavy catches, a ‘rescue’ of the Skul-
delev ship timbers was never required. The excava-
tion was purely for research and exhibition purpo-
ses. When the project started in the early 1960’ies,
the tradition for conservation of waterlogged wood
in Denmark was 100 years old. Still, this was the
first time such a spectacular find was revealed. The
find was very different from the previous finds of
archaeological wood, the amount of wood called
for new conservation procedures, equipment and an
expanding of the conservation laboratory. The pub-
lic awareness and enthusiasm justified allocation of
resources and very soon it was clear that all of the
ships should be conserved and mounted for perma-
nent display in a museum built for the purpose.

Not all treatments fulfilled the demands completely,
but considering the conditions, the work of Brorson
Christensen and Jespersen was a success, it created
the base upon which later methods and research was
founded and stands today as a milestone in the con-
servation of shipwrecks. A milestone on which the
conservation of the Roskilde ships is founded toget-
her with the work and studies of other large finds of
waterlogged wood especially from 1990-2000.
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Fig.13: Skuldelev gemileri Roskilde’deki Viking Gemi Miizesinde sergileniyor. (Foto: Danimarka Ulusal Miizesi)
Fig. 13: The Skuldelev ships on exhibition in the Viking Ship Museum in Roskilde. (Photo: The National museum of Denmark)
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Konservasyon laboratuvarina yeni buluntular ya
da ¢ok sayida eser gonderildiginde bu durum yeni
yontemlerin  arastirilmast  ve  gelistirilmesinde
esin kaynagi olmaktadir. Roskilde buluntusunun
konservasyon siirecinde konservatorler;
degerlendirme  teknikleri,  dokiimantasyonda
yeni teknoloji, difiizyon mekanizmalart igin
modeller ve vakumla dondurarak kurutma
siire¢lerindeki arastirmalardan elde edilen sonuglari
uygulamiglardir. Veri tabanli izleme ve isleme
tekniklerinin kullanimindaki gelismeler, veri kaydi
ve kontrolii olanaklarint gelistirmistir. Kaydedilen
ilerlemeler aym1 zamanda sonu¢ alinmasi
konusundaki talepleri artirmigtir. Konservasyondan
sonra, ahsabin ¢cok az ¢ekmesi ve ¢okme olmaksizin
acik renkli bir goriinlime sahip olmasi beklenir.
Skuldelev gemileri ile Roskilde gemilerinin
kazilmasi arasinda otuz bes yil gegmistir. Gegen yil
(2019) bes Skuldelev gemisini barindiran Viking
Gemi Miizesi, Danimarka’nin en ¢ok ziyaret edilen
miizeleri ve turistik yerlerinden biri olarak 50.
yildontimiini kutlamigtir (Fig. 13).
2020 yilinda, Roskilde batiklarinin kazilmasindan
neredeyse yirmi bes yil sonra, konservasyon
tanklarimizda hala miize depolarimizda yerini
bekleyen gemi ahsaplart bulunmaktadir. Sekiz
batiktan yedisinin sonu depolarda bitecek gibi
goziikmektedir; bir tanesi sergi icin se¢ilmistir ve
bu gemi diger arkeolojik gemi buluntularindan
cok farkli bir sekilde erisilebilir hale getirilmistir.
Roskilde 6 gemisini seyahatler ve diinya capinda
sergi i¢cin hazirlamak, basladiginda yeni bir
kavramdi, zaman i¢inde ¢ok iin ve deneyim
getirdi. Konservasyon agisindan bakildiginda,
yolculugunun sonu mutluluk olacaktir.
Gemi buluntulart i¢in bu iki farkli ¢Ozlime
bakildiginda, bugiin bir ingaat alaninda goreceli
olarak  muhtesem bir gemi  koleksiyonu
kesfedilirse ne olacagi tahmin edilebilir mi? Suya
doymus ahsabin korunmasi alaninda, teknik
ve ekipmanlarda, malzemelerle ilgili bilgi ve
bozunma ve konservasyon faktorleri konusunda
dikkate deger gelismeler gordiik. Bu tiir projeleri
ylriitecek profesyonel uzmanlik mevcuttur. Ancak
glinimiizde baska 6nemli parametreler belirleyici
rol oynayacaktir;

*  Denizcilik arkeolojisinde, arkeolojik
buluntularin kontrollii bir sekilde yeniden
gomiilebilmeleri ic¢in araglar 1ile birlikte
deniz ortamlarindaki bozunma faktdrlerinin
tanimlanmasi ve izlenmesine yonelik metodoloji
gelistirilmistir.
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When new types of finds or large amount of objects
are sent to the conservation laboratory, it seems to
inspire and initiate the research and development of
methods. In the treatment of the Roskilde find, the
conservators have applied results from the research
in the assessment techniques, new technology in do-
cumentation, models for diffusion mechanisms and
vacuum freeze-drying processes. The developments
in the use of data based monitoring and processing
techniques have improved the possibilities for data
logging and control. The progresses have also incre-
ased the demands to the result. After conservation,
the wood is expected to have a light appearance with
only little shrinkage and no collapse.
Thirty-five years passed between the excavation of
the Skuldelev ships and the Roskilde ships. Last
year (2019) the Viking Ship Museum housing the
five Skuldelev ships could celebrate its 50" anniver-
sary as one of the most well visited museums and
tourist attractions in Denmark (Fig. 13).
In 2020, almost twenty-five years after the excava-
tion of the Roskilde shipwrecks, we still have ship
timbers in our treatment tanks, awaiting a future in
the museum storages. Out of eight wrecks, seven
seem to end up in storages and one was selected for
exhibition and made accessible in a very different
way than other archaeological ship finds. Preparing
the Roskilde 6 ship for travels and for exhibition
worldwide was a new concept when it started and
a lot of publicity as well as experience came out of
it. From a preservation point of view, the end of its
journey will be a bliss.
Looking on these two very different solutions for
ship finds, one can speculate what would happen if
a comparably spectacular collection of ships were
discovered in a construction area today? In the field
of waterlogged wood conservation, we have seen
remarkable developments with techniques and equ-
ipment, in the knowledge about materials and on
degrading and preserving factors. The professional
expertise is available to manage such projects. But
today, other important parameters would play deci-
sive roles;

* In maritime archaeology, the methodology for
identification and monitoring of degrading fac-
tors in the marine environments have been de-
veloped together with the tools for controlled
reburials of archaeological finds.
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* Son 20 yilda 2B ve 3B dokiimantasyon teknikleri
s6z konusu oldugunda biiyiik adimlar atilmistir.
Sanal gerceklik ve bilgisayar teknikleri miize
galerilerine tasinarak halki ve basini cezbetmistir.
Bu gelisme - eger ortadan kaldirilmazsa - en
azindan sergilerdeki somut orijinal eser talebini
azaltmig olabilir.

+  Siirdiiriilebilirlik, atik {iretimi ve enerji tiiketimi
gibi cevresel faktorler dikkate alinmasi gereken
entegre parametreler haline gelmistir.

* Ve son olarak; konservasyon, destekleyici yapilar,
sergiler ve uygun iklim yaratma maliyetleri
oldukga ytiksektir.

Konservasyonun sagladigi  avantajlarin uzun
bir listesi yapilabilir.  Arkeolojik  denizcilik
mirasinin arastirma ve sergi i¢in kullanilabilir hale
getirilmesi biliylik 6nem tasimaktadir. Miizelerde
ve kiiltiirel sektorde yaratilan igler ve potansiyel
turistik mekanlar bir yana, glinlimiiz toplumu,
geemis teknolojilerden, kaynak yonetiminden ve
becerilerden dersler alabilir. Ancak tiim bunlar
g6z oniinde bulundurarak, Danimarka’da baska bir
”Skuldelev” durumu yasanabilecegini hayal etmek
zordur.
Giiniimiizde, arastirma kazilar1 sadece tamami
finanse edildiginde yapilmaktadir ve Roskilde gemi
kazis1 gibi bir kurtarma kazisina baslanmadan 6nce,
karar verme siirecinde daha genis olasiliklar dikkate
almacak ve muhtemelen eksilere artilardan daha
fazla agirlik verilecektir. Ayrica, bugiin kesfedilmis
olsaydi Roskilde batiklarinin hepsinin konservasyon
icin se¢ilmesi olast gozilkmemektedir. Bu yiizden
konservasyonunu yapmis oldugumuz gemiler ve
konservasyon siireci devam etmekte olan gemiler
daha da degerli hale gelmektedir. Bunlar, gemi
insa becerileri, denizcilik, eski kaynak yonetimi ve
toplum yapilarinin somut delilleridir; arastirilmak
icindirler ve keyif almak igindirler. Catlaklari,
onarimlart ve eksik parcalart ile gergektirler,
erisilebilirdirler ve gelecek i¢in gegmis hakkinda bir
hikaye anlatmaktadirlar.
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*  Over the last 20 years, huge steps have been taken
forward when it comes to 2D and 3D documenta-
tion techniques. Virtual reality and computer tech-
niques have moved in to the museum galleries and
captivated the public and the press. This develop-
ment may have — if not eliminated, so at least - re-
duced the request for the tangible original object in
the exhibitions.

e Environmental factors such as sustainability,
waste production and energy consumption have
become integrated parameters to be taken into
account.

* And finally; the costs for conservation, creating
supporting structures, exhibitions and the ap-
propriate climate are considerable.

We can make a long list of the advantages of con-
servation. It is of great importance to make archa-
eological maritime heritage available for research
and exhibition. Today’s society can learn from past
technologies, resource management and skills, not
to mention the jobs created in the museums and cul-
tural sector and the potential tourist attractions etc.
But with all this in mind, it is difficult to imagine
that we could have another “Skuldelev” situation in
Denmark again.
Nowadays, research excavations are only carried out
when completely funded, and before starting a res-
cue excavation, such as the Roskilde ship excavati-
on, a wider range of possibilities would be conside-
red in the decision making process and probably the
cons would be given a higher weight than the pros.
Also, it seems unlikely that if discovered today, all
Roskilde shipwrecks would have been selected for
conservation. That’s why the ships we have conser-
ved, and those who are on their way in the process
become even more precious. They are tangible evi-
dences of ship building skills, seamanship, ancient
resource management and structures of society, for
study, for enjoyment. With their cracks, repairs and
lacking pieces they are real, they are accessible and
they tell a story about the past for the future.
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BATIKLARI. KONSERVASYON,
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SURECLERI SIRASINDA YASANAN
GUCLUKLER VE YAPILAN SECIMLER

THE 16TH CENTURY SHIPWRECKS FROM
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DURING THE PROCESS OF CONSERVATION,
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OZET

Norveg Denizcilik Miizesi Oslo limaninda 2004
yilindanberibiiyiik birkazioperasyonuyiiriitmektedir.
Sayilar1 60’1 gecen batigin yani sira agirlikli olarak
16 ve 17.ytizyillara ait Oslo limaninin yogun rihtim
kalintilart ortaya c¢ikarilmistir. Bu makalede soz
konusu doneme tarihlenen, Barcode B11-12 projesi
(2008-2009) ve B3/B7 projesi (2015-2016) olarak
iki proje ¢ergevesinde kazisi yapilan gemi ve tekne
grubunun tanitimina odaklanilacaktir. Bu gemilerin
boyutlar1 ve sekilleri kiigiik, kiirekle hareket ettirilen
sandallar ile iki ya da daha c¢ok direkli {istii kapali
kargo gemileri arasinda degismektedir. Kazilar
sirasinda elde edilen buluntular, 6zellikle donemin
cesitli gemi insa teknikleriyle birlikte Norveg’in
denizcilik tarihi konusunda yeni bilgilere 151k
tutmustur. Oslo batiklarindan elde edilen buluntularin
dokiimantasyon ve konservasyonu konusunda
miizenin karsilagtigi en biiyiikk zorluklardan biri
malzemenin boyutlar1 ve biiyiikligi olmustur, bu
makalede her bir buluntunun bilimsel ve egitsel
degerlendirmesine dayali dort koruma seviyesi
sunulacaktir. Ele alinan temel yontemler suya doymus
ahsapta PEG-emdirme ve dondurarak kurutma ve
bu yontemlere farkli yaklasimlarin prosediirleriyle
ilgilidir. Makale 6zellikle iki 6rnek (Barcode 6 ve
8) tizerinden arkeolojik batik buluntularinin kazidan
sergilenmesine kadar gecen siirece odaklanmaktadir.

ABSTRACT

Since 2004 the Norwegian Maritime Museum has
conducted large excavations in the old harbour of
Oslo, Norway. More than 60 shipwrecks have been
uncovered, together with extensive wharf constructions
that are the remains of Oslo’s harbour mainly in the
16th and 17th centuries. The focus in this article will
be to introduce a cluster of ships and boats, dated to
this period that was excavated on two key projects, The
Barcode B11-12 project (2008-2009) and the B3/B7
project (2015-2016). They vary in size and shape from
small open rowing boats to small, covered cargo ships
with two or more masts. The finds provide new insights
to the maritime history of Norway, and in particular
to the varied ship building techniques of this period.
A major challenge for the museum concerning the
documentation and conservation of the ship finds from
Oslo is the size and magnitude of the material, and this
article will present four levels of preservation based on
an evaluation of each finds scientific and educational
value. The main methods discussed concerns PEG-
impregnation and freeze drying of waterlogged wood,
and different procedural approaches to these methods.
Through two specific cases, the Barcode 6 and &, the
article focuses on how to bring an archaeological
shipfind from excavation to exhibition.

* Hilde Vangstad Orcid ID: 0000-0002-1579-3977, Norve¢ Denizcilik Miizesi, Norwegian Maritime

Museum.

**Tori Falck Orcid ID: 0000-0002-9863-9616, Norve¢ Denizcilik Miizesi, Norwegian Maritime

Museum.

***Monica Hovdan ID: 0000-0002-0613-7257, Norve¢ Denizcilik Miizesi, Norwegian Maritime

Museum.

****P3l Thome, Norve¢ Denizcilik Miizesi, Norwegian Maritime Museum.

72



Bjgrvika in Oslo, Norway

Fig. 1: Barcode B11-12 (2008-2009) ve B3/B7 (2015-2016) batiklarindaki iki kaziyla modern Oslo limani. 1624 yilinda
kasaba ve liman Bjervika korfezinin dogu tarafindan bati tarafina tagimmustir. Harita: Sjoerd van Riel/NMM.

Fig. 1: The modern harbour of Oslo with two excavations, the Barcode B11-12 (2008-2009), and the B3/B7 (2015-
2016). In 1624 the town and harbour was moved from the east side to the west side of the Bjervika bay. Map: Sjoerd

van Riel/NMM.

Arme Emil Christensen ve arkadaslart 1965
yilinda Oslo kentinin merkezinde 17. yiizyila ait
‘Jernbanetorget batigi’ kazisin1 yaptigindan' bu
yana, Oslo liman1 bolgesinde 60’1n iizerinde batik
kesfedilmistir.? Batiklarin ¢ogu giiniimiizde kuru bir
arazide bulunmus olup, MS 14. yiizyil ile 19. yiizyil
arasindaki doneme tarihlenmektedir.

Oslo’nun en ge¢ 1050’li yillarda Viking donemi
sonlarinda kuruldugu® diistiniilmektedir; sehir 1314
yilinda Norveg’in baskenti olmustur. Norveg 1536
yilindaki kilise reformundan sonra Danimarka’nin
bir ili olmus, il yonetimi Oslo’da yerlesik olarak
kalmaya devam etmistir. 1624 yilinda Bjervika
korfezinin dogu tarafinda yerlesik  bulunan
Ortagag Oslo kenti, st liste en az 16-17 yanginin
sonuncusuyla yikilmis?, sehirde yasayanlar Bjervika

1 CHRISTENSEN - MOLAUG 1966

korfezinin diger tarafinda yer alan kral kalesinin
yakinindaki alanda bulunan kasabaya gdc¢ etmek
zorunda kalmislardir.

Bu calismanin temel noktasini Ortagag Oslo kenti
limaninda bulunan, agirlikli olarak MS 16. yiizyila
tarihlenen bir grup gemi ve teknenin tanitimi
olusturacaktir (Fig. 1). Bu donem kentin yerinin
yeniden diizenlenmesinden 6nce Oslo’nun eski son
evresidir. Batik bulgular1 2000’li yillarin baglarindan
bu yana Norveg Denizcilik Miizesi (NMM) tarafindan
yiiriitiilen bir¢cok proje arasinda yer alan “Barcode
B11-12” ve “B3/B7” adli iki projede tespit edilmistir.
S6z konusu buluntularin korunmasi miizeye muazzam
bir is yiikii olugturmustur. Bu makalede, karsilasilan
baz1 giigliikler anlatilacak ve bu siirecte kullanilan
yontemler ve pratik ¢oziimler sunulacaktir.

2 CHRISTENSEN 1973, PAASCHE — RYTTER - MOLAUG 1995, BEKKEN -ENGEN - MOLAUG 1998, MOLAUG 2002,
JOHANSEN 2007, VANGSTAD 2012; 2014, ENGEN - JOHANSEN 2012, GUNDERSEN 2012, HOBBERSTAD 2012, FALCK

2012, FALCK vd. 2014, BORVIK vd. 2015
3 NEDKVITNE - NORSENG 1991, 14-38

4 SCHIA 1991, 157
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Since Arne Emil Christensen and his colleagues
excavated the 17" century ‘Jernbanetorget wreck’ in the
middle of Oslo city in 1965', more than 60 shipwrecks
have been uncovered in the Oslo harbour area.>? Most of
the shipwrecks were situated in what is today dry land,
and date from the 14" to the 19* centuries AD.

Oslo is believed to be founded at the end of the Viking
era, around 1050 at the latest’, and became the capital of
Norway in 1314. Norway became a province of Denmark
after the reformation of the church in 1536, but the
province administration continued to be based in Oslo.
In 1624 the medieval Oslo, situated on the east side of
Bjervika bay, was demolished by the last of a succession
of at least 16-17 fires*, and the citizens were forced to
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move their town to the area close to the king’s fortress on
the other side of Bjervika bay.

The focus here will be to introduce a cluster of ships and
boats found in the harbour of the medieval town of Oslo,
dated mainly to the 16™ century AD (Fig.1). This is the
old Oslo’s last phase before the town was re-situated.
The ship finds stem from two of the many projects run by
the Norwegian Maritime Museum (NMM) since the early
2000s: the ‘Barcode B11-12” and ‘B3/B7’ projects. The
conservation of these finds has presented the museum
with a tremendous task, and this paper will describe
some of the challenges we have met and explain chosen
methods and practical solutions used in the process.

-

Fig. 2: Liman yapilar1 ve gemi buluntulariyla birlikte kazi sonuglarint gosteren harita. Metinde sozii gegen

batik buluntular1 harita iizerinde Barcode 6 (BC06) ve Barcode 8 (BC08) adl1 iki gemi kirmiziyla isaretli olarak
numaralandirilmistir. Arka plandaki harita yaklasik 1700 yilindandir. Harita: Sjoerd van Riel/NMM.

Fig. 2: Map showing results from the excavations, with harbour constructions and shipfinds. Shipfinds mentioned
in the text are numbered on the map, with the two vessels, Barcode 6 (BC06) and Barcode 8 (BC08), marked in red.
Background map is from approxemately 1700. Map: Sjoerd van Riel/NMM.

1 CHRISTENSEN - MOLAUG 1966

2 CHRISTENSEN 1973, PAASCHE — RYTTER - MOLAUG 1995, BAKKEN -ENGEN - MOLAUG 1998, MOLAUG 2002, JO-
HANSEN 2007, VANGSTAD 2012; 2014, ENGEN - JOHANSEN 2012, GUNDERSEN 2012, HOBBERSTAD 2012, FALCK 2012,

FALCK et al. 2014, BORVIK et al. 2015
3 NEDKVITNE - NORSENG 1991, 14-38

4 SCHIA 1991, 157
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0SLO LIMANI'NDAKi GEMi BULUNTULARI

Oslo liman 21. yiizyilda diinyanin bircok yerindeki
sehir limanlaria benzer sekilde kentsel doniisiim siireci
icerisindedir. Ticari, endiistriyel, son olarak da kentsel
peyzajin kiyisinda kalmaktan c¢ikip, artik miizeler,
ofisler ve seckin yerlesim bloklart i¢in olduk¢a cazip
bir alan olarak goriilmektedir. Yeni gelistirilen alan
eski Oslo’nun tarihi limaninin neredeyse tamamini
kapsamakta olup, biiylik-6lgekli gelistirme projeleri
nedeniyle eski denizci Oslo’nun gizli ve goriiniir
izlerinin %70’den fazlas1 tahrip edilerek yok olacaktir.
2008 yilinda yapilan Barcode B11-12 kurtarma kazilar1
sirasinda arkeolojik gemi ve liman yapilar1 ortaya
cikmaya bagladiginda Oslo’nun denizcilik tarihinin
metrelerce deniz tabani ¢camuru ve modern dolgunun
altinda ¢ok iyi durumda korunmus oldugu anlasilmistir

(Fig. 2).

RONESANS DONEMi BATIKLARI -iKi TEMEL PROJE

Barcode B11-12 (2008-2009) ve B3/B7 (2015-2016)
projelerinde ¢ok iyi korunmus durumda yaklasik 28
batik ortaya cikarilmistir®; batiklar 1500’14 yillarin
basglarindan 1600’1 y1llarin baglarina tarihlenmektedir.®
(Fig. 3) Batiklar kiigiik acik kiirekli teknelerden, iki veya
daha fazla direge sahip kiiciik, kapali kargo gemilerine
varan degisik boyut ve sekillerdedir. Bir tanesi disinda
hepsi Iskandinav tipi bindirmeli kaplama (lapstrake)
gelenekle inga edilmistir. Gemilerin biiyiik kismi1 kargo
amactyla insa edilmis, bir veya iki direkle donatilmis
daha kiiciik yelkenli gemilerden olusmaktadir. Buna
ek olarak, Oslo limaninda yapilan ve bu makalenin
kapsamina girmeyen farkli projelerde ayni doneme ait
ic ayr1 gemi— Havnelageret 1, Serenga 5 ve 67 - daha
bulunmustur. On altinc1 yiizyilda Oslo giderek daha cok
uluslararast kereste ticaretiyle ilgilenmeye baslamus,
Oslo batiklarinin ¢ogu hem yilik gemisi hem de daha
biliyiik gemilere ikmal gemisi olarak bu ticarette yer
almis olmalidir.

Bu nedenle, s6z konusu dénemden batik sayisinin
bollugu, kiiresel ticaret aglari, Avrupa’daki
ormansizlagtirma ve Avrupa kitasinda gemi, ev ve kanal
yapimi i¢in keresteye duyulan talepteki degisiklikler
1s1ginda anlagilabilir.

Bu yazida her ikisi de denizci Oslo’nun yasadigi
biiyiik ekonomik ve fiziksel yayilmanim maddi kanitin
olusturan ve siirekli liman yapilarina sahip birbirine
bitisik iki kazi alaninda yer alan batiklar iizerinde
durulacaktir.

5 GUNDERSEN 2012, VANGSTAD 2009; 2011; 2012; 2014,
FALCK vd. 2014
6 DALY 2010A; 2010B, 2010C, 2010D, 2011, 2013, 2014A,

2014B, 2014C, 2015, 2016
7 BZEKKEN vd. 1998
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SHIP FINDS FROM 0SLO HARBOUR

Oslo harbour is experiencing the same urban
transformation as many city harbours all over the
world in the 21% century. From being a mercantile,
industrial and finally a marginal part of the urban
landscape, it is now seen as a highly attractive area
for museums, offices and exclusive apartments.
The newly developed area covers nearly all of the
historic harbour of the old Oslo, and because of the
large-scale development projects, more than 70% of
the hidden and visible traces of old, maritime Oslo
will be disturbed and lost. As the archaeological ship
and harbour constructions started to appear during
the Barcode B11-12 rescue excavation in 2008, it
became clear that the maritime history of Oslo was
very well preserved under metres of seabed clay and
modern infill (Fig. 2).

THE RENAISSANCE SHIPWRECKS - TWO KEY PROJECTS
The Barcode B11-12 project (2008-2009) and the
B3/B7 project (2015-2016) yielded altogether 28
more or less well-preserved shipwrecks’, dating
from the early 1500s to the early 1600s.® (Fig. 3)
They vary in size and shape from small open rowing
boats to small, covered cargo ships with two or
more masts. All but one ship is constructed in the
Nordic, clinker-built tradition (lapstrake). The bulk
of the vessels consist of smaller sailing ships, built
for cargo, and equipped with one or two masts. In
addition, three other boats from around the same
period — Havnelageret 1, Serenga 5 and 6’ were
found on different projects in Oslo harbour not
featuring in this paper. During the 16™ century Oslo
became increasingly engaged in the international
timber trade, and many of the Oslo shipwrecks
must have been involved in this trade, both as cargo
vessels and supply boats for larger vessels.

The abundance of wrecks from this particular
period can therefore be seen in the light of
changes in global trade networks, the European
deforestation, and the demand for timber to build
ships, houses and dikes on the European continent.
In this presentation, we will focus on the
vessels from two adjacent excavation plots with
continuous harbour structures, which together
form the material evidence of a huge economic
and physical expansion of the maritime Oslo.

5 GUNDERSEN 2012, VANGSTAD 2009; 2011; 2012;

2014, FALCK et al. 2014
6 DALY 2010A; 2010B, 2010C, 2010D, 2011, 2013,

2014A, 2014B, 2014C, 2015, 2016
7 BZAKKEN et al. 1998
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Fig. 3: Agustos 2015 tarihinde gerceklestirilen B3/B7 kazi alanindan. On planda K11 iskele ingaat1, arka planda modern
ylksek katli binalar (Barcode binalar1). Yiiksek katli binalar 2008-2009°da kazilan Barcode B11-12-proje alanina insa
edilmektedir. Barcode 6 sag taraftaki sar1 binada (DNB merkez ofisi) sergilenmektedir. Foto: NMM

Fig. 3: From the excavation site B3/B7 in august 2015. The wharf construction K11 in front with the modern highrises
in the background (the Barcode buildings). The highrises are built on the site of the Barcode B11-12-project, excavated
in 2008-2009. The Barcode 6 is exhibited in the yellow building to right (DNB headquarters). Photo: NMM
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Barcode ve B3/B7 |

projelerinde Onciil tarihler Saptanan ahsap Koruma alternatifleri

saptanan batiklar |- MS Yapim kalint1 sayisi plam 1-4

The shipwrecks Preliminary Construction No. of ship timbers Plan for conservation

from Barcode and | dates AD found alternatives 1-4

B3/B7
1 Bindirme kaplama

Barcode 1 1598-1604 Lapstrake 381 2
2 Bindirme kaplama

Barcode 2 1590 Lapstrake 1081 2ve3/2and3
3 Bindirme kaplama

Barcode 3 1605-1618 Lapstrake 307 5
4 Bindirme kaplama

Barcode 4 1572-1586 Lapstrake 315 3
5 Bindirme kaplama

Barcode 5 1602-1616 Lapstrake 761 3
6 1595 sonrasi | Bindirme kaplama

Barcode 6(vefand 12)] ) 41505 | Lapstrake 282 (22=BC12) 1ve2/1and?2
7 Bindirme kaplama

Barcode 7 1590 Lapstrake 152 3ved4/3and 4
8 Bindirme kaplama

Barcode 8 1595 Lapstrake 527 1ve2/1and2
9 Bindirme kaplama

Barcode 9 (ve/and 13) 1561-1365 | 1" strake 272 (74=BC13) 3ved/3and4
10 Bindirme kaplama

Barcode 10 15501364 Lapstrake 43 3ve4/3and4
11 Barcode 11 Tarihlendirme | Bindirme kaplama

yok / Not dated | Lapstrake 18 3ve4/3and 4

12 Bindirme kaplama

Barcode 14 1574 Lapstrake 574 2ve3/2and3
13 Barcode 15 Tarihlendirme | Bindirme kaplama

yok/ Not dated | Lapstrake 15 4

14 | . . Bindirme kaplama 96

Bispevika 2 1518 Lapstrake 3ved4/3and 4
15 5. . Bindirme kaplama 228

Bispevika 3 1549-1563 Lapstrake 3ve4/3and 4
16 1543 sonrasi | Bindirme kaplama

Bispevika 4 After 1533 | Lapstrake 680 3veyad4/3or4
17 1493 sonrasi | Bindirme kaplama

Bispevika 5 After 1493 | Lapstrake 24 4
18 Bindirme kaplama

Bispevika 6 1572-1583 Lapstrake 62 3ve4/3and 4
19 Bindirme kaplama

Bispevika 7 1548-1561 Lapstrake 150 3veyad4/3or4
20 Karavela

Bispevika 8 153413391 ) el 214 3
21 Bindirme kaplama

Bispevika 9 1520-1532 Lapstrake 49 3ved4/3and 4
22 Bindirme kaplama

Bispevika 10 15201332 Lapstrake 56 3
23 1567 Bindirme kaplama

Bispevika 11 Lapstrake 103 3
24 Bindirme kaplama 282 (Bispevika 12¢

Bispevika 12a+b 1566-1570 | Lapstrake dahil) (incl Bispevika) |3 ve4 /3 and 4
25 Bindirme kaplama 0

Bispevika 12¢ 1532 | Lapstrake 3ve4/3and 4
26 Bindirme kaplama 18

Bispevika 13 1527-1542 | Lapstrake 4
27 Bindirme kaplama 128

Bispevika 14 1532-1544 | Lapstrake 2ve3/2and3
28 Bindirme kaplama 176

Bispevika 15 1511-1525 | Lapstrake 3veyad4/3or4

Toplam/In Total: 6994

Fig. 4: Tablo. Barcode B11-12 ve B3/B7 projelerinde saptanan 28 batik. Tarihleme ve konservasyonlar dnciildiir,
calismalar ilerledikce degisebilir veya yeni tarihler eklenebilir.

Fig. 4: The 28 shipwrecks from Barcode B11-12 and 3/B7 projects. Dating and conservation solutions are preliminary
and might change or new dates added as the work progresses. 77



Kazidan sergilemeye kadar gecen zaman suya
doymus ahsap kalintilar1 s6z konusu oldugunda
uzun bir siirectir. 2008-2009°da bulunan Barcode
teknelerinin konservasyon islemleri halen kismen
devam etmekte olup, en son batik bulgulari heniiz
islem yapilmay1 beklemektedir.

Barcode 6 ve Barcode 8 batiklarinin konservasyon,
kopyalama ve sergilenme islemleri Oslo’nun
Ronesans donanmasi konusunda bilgi edinmek ve
yaymak icin nasil ugrastigimizi gostermektedir.

MS 16. YUZYILDA 0SLO LiMANI

Ortacag’a tarihlenen Bjervika korfezindeki eski
Oslolimani cok sayidakiiciik nehir ve derenin daha
fazla siltasyona neden olmasindan dolayr dogal
olarak s13 durumdadir. Su ana kadar bulunan
en eski rhtim yapilan yatay olarak doésenmis
yuvarlak kerestelerden olusan ahsap kesonlarla
yapilmis olup, MS 1199 yilina tarihlenmektedir.?
On dordiincii yiizyll itibariyla, kentte 1624
yilinda ¢ikan yikicl bir yanginla sonlanan siirekli

8 MOLAUG 2012, 215 "

genisleyen bir rihtim gozlenmektedir (Fig. 5).

16. yiizy1l ve 17. yiizyilin baslarinda kazilan ahsap
iskelelerin hepsi “cobb” tipinde olup®, agik olarak
insa edilerek yatay olarak dosenmis yuvarlak
keresteler iceren kutu-sekilli cercevelerden
olusmaktadir; centikli koseleri agac¢ evlerinkine
¢ok benzerdir (Fig. 6). Acik yapimlar iskelelerin
ince dolgu icermesine izin vermez. Ornegin
bunlarin Norve¢’in bati kiyisinda yer alan
Bergen’deki Ortacag rihtimlarindaki gibi biiyiik
taslar kullanilarak battigina dair bulgu yoktur.!’
Rihtimlarin bazilar1 yuvarlak keresteden sal veya
“izgaralar” iizerine insa edilmisken, digerlerinde
bu ozellik yoktur. Kullanilan malzeme agirhkh
olarak yerli ladin ve ¢amdir.

Rihtimlar kiy1 boyunca iskele gibi insa edilmenin
yan sira, korfez icinde, suyun derinliklerine
ulasan cikintih payandalar seklinde insa

edilmistir. Yapilarin biiyiikk bir cogunlugunun
birbirleriyle baglantih oldugu diisiiniilmektedir.

Fig. 5: Oslo’nun Ronesans limanimnin kargo yiikleme ve bosaltma isleri icin iskele ve rihtimlar, depo alanlar ve satis ve
ihracat amach kereste yiginlariyla nasil goriinebilecegine dair canlandirma. Biiyiik gemiler derin sularda (sag tarafta)
demirliyken, tekneler ve kiiciik gemiler kargolar getirip gotiirmektedir. Bu ¢izim 2015 yilinda yapilmistir; 2019
yilinda yapilan biiyiik bir kazida liman yapilarinin saga dogru daha da devam ettigi gozlemlenmistir. Cizim: O. A.
Krogness, Kiiltiirel Miras Miidiirliigii, Norvec¢ Kiiltiirel Arastirmalar Enstitiisii ve Norve¢ Denizcilik Miizesi.

Fig. S: Visualisation of how the renaissance harbour of Oslo could have looked like with quays and wharfs for loading
and unloading cargo, storage houses and timber stacks for sale and export. The larger ships have been anchored on
deeper waters (to the right), while boats and small ships have brought the cargo back and forth. While this drawing
was made in 2015, a large excavation in 2019 showed that the harbour constructions continued further to the right.
Drawing: O. A. Krogness, Directorate of Cultural heritage, Norwegian institute of cultural research and the Norwegian

Maritime Museum.



Digerleri ise iizerinde ardiyesi olan
veya olmayan ayrik yapilardir.
Yangindan zarar gOrmiis tahil,
tugla, degirmen taslari, yapi taslari,
toprak kiinkler!! ve seramiklerden
olusan ¢ok sayidaki buluntu,
Agustos 1624°deki biiylik yanginin
gerceklestigi noktada farkli yerli
ve yabanci mallarin yiikleme ve
bosaltmasinin  yapildigit  yogun
bir liman oldugu izlenimini
vermektedir. 1624 yilindaki
yangma ek olarak limanda, 1532
ve 1567 yillarindaki bilinen gegmis
yanginlar oldugunu diislindiigiimiiz
en az iki baska yangma dair
bulgulara rastlanmistir.'?

Rihtimlar yaklasik olarak batiklarla
ayni zamana tarihlenmektedir. En
eski yapilarin bazilar1 1500’lerde,
bazilar1 ise 1624 yilindaki yanginda
harap  olmustur.  Yanginlardan
sonra depolama i¢in daha fazla
yere gerek duyuldugunda, limanin
kosullar1  kotiilestiginde ve su
tyice siglastiginda yeni rihtimlar
insa edilmis veya eskileri tamir
edilmistir. Su derinliginin siirekli
olarak azalmasi agirlikli olarak
cesitli  nehirlerin  aliivyonlarla
dolmasindan, atitk ve safra
atilmasindan kaynaklanmistir.

RIHTIMLAR LE BATIKLAR ARASINDAKI
BAGLANTI

S6z konusu 28 batigin hepsi
rthtimlarin yaninda, yakininda veya
kismen ahsap yapilarla kaplanmis
halde bulunmustur (Fig. 1).
Batiklar kisa bir siire iginde
hava gecirmeyen deniz tabani
cokeltileriyle kaplanmustir.
Batiklarin ~ hizli  bir  sekilde
gomillmesi gemi  ahsaplarinin
fiziksel ve biyolojik agidan
bozunmasini azaltmistir.

11 JOHANNESSEN 2016
12 SCHIA 1991, 157, NEDKVITNE -
NORSENG 2000, 268
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The process from excavation to exhibition is a lengthy process, when
it involves waterlogged ship timbers. The Barcode boats found in
2008-2009 are still partly undergoing conservation, and the latest ship
finds are still awaiting treatment.

The conservation, copy building, and exhibition of the boats Barcode
6 and Barcode 8 show how we work to gain and spread knowledge of
Oslo’s renaissance fleet.

0SLO HARBOUR IN THE 16TH CENTURY AD

The old Oslo harbour in the Bjervika bay dates back to the medieval
era, and is naturally shallow, with a number of smaller rivers and
streams causing further silting. The oldest wharf constructions found
so far are made of timber caissons of horizontally laid round timbers
and dates back to 1199 AD.®? As of the 14" century AD, a continuous
expanding wharf can be observed, ending with the devastating town
fire of 1624 (Fig. 5).

The excavated timber wharfs from the 16" and early 17" centuries
are all of ‘cobb type”, consisting of box-shaped frames of openly
constructed, horizontally laid round timber, with notched corners
much like log houses (Fig. 6). The open constructions do not allow
the wharfs to contain fine infill, and we have no evidence that they
were sunk using, for instance, larger stones like the medieval wharfs
in Bergen on the west coast of Norway.! Some of the wharfs were
built on rafts or ‘grillages’ of round timber, while others lacked this
feature. The materials used are mainly local spruce and pine.

The wharfs were built along the shoreline as quays, as well as
projecting piers leading to deeper water out in the bay. The majority of
the constructions are believed to have been interconnected, but others
have been solitary constructions, with or without warehouses on top.
The finds of bulks of fire-damaged grain, brick, quern stones, building
stones, clay pipes'' and ceramics gives a glimpse of a thriving harbour,
busy with loading and storage of different local and imported goods,
at the point of the devastating fire in August 1624. In addition to the
1624 fire, we found evidence of at least two other fires in the harbour
interpreted to be the historical known fires of 1532 and 1567."2

The wharfs date to approximately the same time period as the
shipwrecks. Some of the oldest constructions were destroyed in
fires during the 1500s, and others in 1624. New wharfs were built
or repaired after the fires, when there was need for more space for
storage, and when the harbour conditions worsened, and the water
became too shallow. The continuous decreasing of the water depth
was mainly due to silting from several rivers, and dumps of refuse
and ballast.

THE CONNECTION BETWEEN WHARFS AND SHIPWRECKS

The 28 shipwrecks were all found close to wharfs, nearby or even
partly covered by the timber constructions (Fig. 1).

The shipwrecks were covered with airtight seabed sediments within a
short period of time. The rapid burial of the wrecks reduced physical
and biological deterioration of the ship timbers.

8 MOLAUG 2012, 215

9 MCDONALD 2011, 42

10 HERTEIG 1990, 132-133

11 JOHANNESSEN 2016

12 SCHIA 1991, 157, NEDKVITNE - NORSENG 2000, 268
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Fig. 6: Sonraki iskele yapilarinin altinda kalan Bispevika 14 ve 15 teknelerinin in situ durumunun fotogrametrisi. Bu batiklar

iskelelerin yapimindan dnce yanarak batmustir.

Oslo’da saptanan batiklarla ilgili ilk teori daha
once agiklanan rihtim yapilarina temel olusturmasi
amaciyla kasten batirilmis olduklart seklindeydi.
Oslo’daki toprak kosullar1 ve agir rthtim yapilarinin
batma egilimi nedeniyle gegerli bir teori olsa da,
ampirik bulgular daha karmasik agiklamalarin
bulunmasi gerektigini gostermektedir. Her batigin
baglami digerlerinden farklilik gostermektedir; tek
bir olay ya da bir siirecin sonucu degildir. Bu da Oslo
limaninin gelisimi konusunda tarihsel bir anlayis
yaratacak bir bulgu olarak durumu daha da ilging hale
getirmektedir. ilk yorumlar bazi teknelerin alanda
aslinda gemilerden kurtulmak igin kaza yaptigi,
digerlerinin de biiyiik bir olasilikla limanin genigleme
alanlarin1 doldurmak i¢in kullanilmis oldugu, yanmis
durumdaki teknelerin ise demirlenmis bir sekilde
yatik bulundugu ve kazara battigi yOniindedir.
Sadece yanmis durumdaki gemiler battiklart rihtimla
dogrudan iliskilendirilebilir; ancak c¢ogunun Oslo
sakinlerine ait olmasi olasidir. Tekne ve gemilerin
bir arada bulunmasi yaklasik 100 yillik bir donemde
kiigiik tasitlardan olugan yerel bir filoya ait temsili bir
goriintli vermektedir.
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YAPIM ALANINDAN SERGi VE YENIDEN YAPIMA KADAR UZANAN
UZUN VE DOLAMBACLI YOL
NMM’nin Oslo liman1 batiklarinda yaptigi kurtarma

kazilart 15 yildir neredeyse Kkesintisiz olarak
devam etmektedir. Bu donemde yeni teknolojilerin
ortaya cikmasi ve personelin daha fazla deneyim
kazanmasiylabirlikte kazi, belgeleme ve konservasyon
alanlarinda yeni yontemler kesfedilmistir. Sahada
belgeleme yapma seklimiz, kazi sonrasi asamada
bulgular1 belgeleme ve yeniden yapim seklimiz ve
ahsaplarin konservasyonunu yapma yontemlerimizde
degisiklikler olmustur. Konservasyon séz konusu
oldugunda konservatorlerimizin edindigi bilgiler
maliyetleri nedeniyle hepsinin tam anlamiyla
korunmasinin istenmedigi ya da miimkiin olmadig
bliylikliikteki bir materyal yigmi iginde makul
oncelikler saptamamizi saglamistir. Bir bulgunun
bilimsel veya egitimsel degerini belirleyip sonrasinda
uygun konservasyon seviyesini segmek Onemli bir
gbrev haline gelmistir.




Fig. 6: Photogrammetry of in situ situation of the boats Bispevika 14 and 15 underneath later wharf constructions. These
wrecks burnt and sank before the construction of the wharfs.

An initial theory was that the vessels in Oslo had
been intentionally sunk to provide foundations for
the previously described wharf constructions. While
this is a viable theory due to the soil conditions in
Oslo, and the tendency of heavy wharf constructions
to sink, the empirical evidence shows that more
complex explanations must be explored. Every
shipwreck’s context differs from the others, and is not
the result of one incident or one process. This makes
them even more interesting, as evidence to create an
historical understanding of the development of the
Oslo harbour. The preliminary interpretation is that
some boats seems to be wrecked on site mainly to
get rid of the vessel, others have more likely been
used to fill in expansion areas of the harbour, while
the burned boats are found where they lay anchored,
and accidently sank. Only the burned vessels can be
directly connected to the accurate wharf they sunk
at, but it is likely that the majority belonged to the
citizens of Oslo. Together the collection of boats and
ships gives a representative picture of the local fleet
of smaller vessels, covering approximately 100 years.

THE LONG AND WINDING ROAD FROM THE CONSTRUCTION SITE
T0 EXHIBITION AND RECONSTRUCTION

NMMs salvage excavations of the Oslo harbour
shipwrecks has been going on more or less
continuously for 15 years. During this period,
new methods for excavation, documentation and
conservation have developed, with the introduction
of new technology, and as the staff has gained more
experience. Methods have changed, with how we do
the documentation in the field, how we document and
reconstruct the finds in the post-excavation phase, and
how we proceed with the conservation of the timbers.
When it comes to conservation, the gained knowledge
of our conservators has enabled us to make reasonable
priorities within a material so huge, that a complete
conservation of the totality is neither wished for nor
possible due to the costs. It has become an important
task to evaluate the scientific or educational value of
a find, and choose the suitable level of conservation
thereafter.
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KALEMDEN DUITAL CIZIME VE EL TARAYICILARINA KADAR
1:1 BELGELEME

Batik ahsaplart miize alaninda miimkiin olan her yerde
kapali ve agik havaya yerlestirilen biiylik su tanklarinda
tutulurken 1:1 belgeleme yapilmakta ve konservasyon
icin bekletilmektedir. Burada amag, secilen konservasyon
seviyesinden bagimsiz olarak ahsaplarmn  tiimiiniin
belgelenmesidir.

NMM, 2007 yilindan beri ileride yapilacak arastirmalara
bilgi aktarmak ve batiklarm dijital ve fiziksel
rekonstrilksiyonunu  yapabilmek  amaciyla  FARO-
Arm (CMM - Coordinate Measuring Machine) adli
dijital bir ¢izim cihazi kullanarak batiklardan gikarilan
ahsaplarin her birini belgelemis durumdadir.”® Ancak,
gecen sene, yani 2019 yilinda miize bir el tarayicisi
(Artec Eva) kullanmaya baslamistir.'* FARO-Arm temasla
sayisallagtirma yontemi adi verilen bir yontem iken,
tarayici (4rtec Eva) malzemeye dokunmadan veri kaydi
yapmaktadir. Konservasyon agisindan ikinci yontem tercih
edilebilir. Yine de s6z konusu iki yontem yani FARO-Arm
ve tarayici, temelde farkli yaklagimlar sunmaz; her ikisi
de Rhinoceros yazilim programindaki renkli tabakalama
sistemi  yardimiyla ahsaplarin  6nemli 6zelliklerinin
belgelenmesi ve yorumlanmasi ana fikrine dayalidir.”
Her renk belirli bir dzelligi temsil eder; bu sayede farkli
kurumlarin ¢izimleri ayni sablonu kullanarak okumasini
olast kilar. ikinci yontemin birinciye gore sagladigi avantaj
sadece Ozellikler ve ana hatlar1 yorumlamanin disinda
ahsabin yiizeyini de kaydedilme ve gosterebilme (nokta
bulutu yiizey) becerisidir. Taranan yilizeyde gozlenen
onemli ozellikler tarayici tizerinde dogrudan annotation
(ek aciklama) kullanilarak renkli ¢izgiler halinde takip
edilebilir. Bu sekilde kaydedicinin materyal iizerindeki
aktif gorevine ideal bir sekilde devam etmesini saglayarak,
sadece objektif bir betimleme olusturmakla kalmayip,
ayni1 zamanda ahsapta siklikla belirsiz ve muglak izlerle
ilgili temel agiklamalar da getirmeye yardimci oldugunu
diigiiniiyoruz. Kayitin kendisi de hizli bir siiregtir,
ekipman ise hafif ve laboratuvarin diginda da kullanimi
kolaydir. Buna ek olarak, konservasyon amacina yonelik
olarak ylizey bilgilerini “fotogercek¢i”, hatta dogru
sekilde sakladigindan tarama yonteminin avantajlar
bulunmaktadir. Kiiltiirel tarihin hepsi alet izleri, baglanti
elemanlari, kalafat ve yipranma ve aginma gibi yiizeylerde
saklandigindan bu avantaj dnemlidir. Yapilan tarama ahsap
yiizeylerin hem ¢ekme derecesi hem de korunmasi soz
konusu oldugunda konservasyon siirecinin sonuglarinin
degerlendirilmesini kolaylastiracaktir.

13 RAVN ETAL. 2011, FALCK 2014, FALCK vd.. 2014

14 Yontem Marsilya’da 2018 15.Uluslararast Gemi ve Tekne Arke-
olojisi Sempozyumu sirasinda iki ayr1 makale olarak sunuldu. VAN
DAMME, T.: Mass Documentation of Archaeological Ship Timbers:
Introducing a Novel, Time-Efficient Approach, and DITTA, M. &
AUER, J.: The ‘Big Ship’ of Wismar. A Well-preserved 12th-Century

Cargo Vessel in the Harbour of Wismar.
15 JONES 2007
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1:1 DOCUMENTATION FROM PEN TO DIGITAL DRAWING TO
HANDHELD SCANNERS

The ship timbers are kept wet in large water tanks placed
indoors and outdoors everywhere possible within the
museum’s area, while undergoing 1:1 documentation
and awaiting conservation. The goal is for all the timbers
to be documented, independently of the later level of
conservation chosen.

From 2007 onwards NMM documented every timber
from the shipwrecks using a digital drawing device, a
FARO-arm (CMM - Coordinate Measuring Machine), to
preserve information for future research, and to be able to
make digital and physical reconstructions of the vessels."
Last year, in 2019, however, the museum started to use
a handheld scanner (Artec Eva)."* While the FARO-arm
method is a so-called contact digitising method, the scanner
records the data without the need to touch the material.
From a conservational point of view, the latter is preferable.
Still, the two methods, the FARO-arm and the scanner, do
not represent two fundamentally different approaches, but
build on the same idea of documenting and interpreting
the key features of the timbers, with the aid of a coloured
layering system in the software Rhinoceros.'* Each colour
represents specific features, making it possible to read the
drawings across institutions, using the same template. The
latter method’s advantage over the first is the capability of
also recording and representing the surfaces of the timber
(point cloud surface), not merely the interpreted features and
outline. The key features observed on the scanned surface
are traced as coloured lines using annotation directly on
the scan. In this manner, we believe that we continue the
ideal of the recorder’s active engagement in the material,
not only producing an objective representation, but also
adding the essential interpretations of what are often vague
and ambiguous traces in the wood. The recording process
itself is also faster, and the equipment lighter and easier to
use outside the laboratory. In addition, for the purpose of
conservation, the method of scanning has advantages, as it
stores the information of the surfaces in a ‘photoreal’ and
even accurate manner. This is important, as all the cultural
history is stored in the surfaces, like toolmarks, fastenings,
caulking, and wear and tear. The scan will make it easier
to evaluate the results of the conservation process, both
when it comes to degree of shrinkage and preservation of
the surfaces.

13 RAVN ET AL. 2011, FALCK 2014, FALCK et al. 2014

14 The method was presented in two separate papers during the
15" International Symposium on Boat and Ship Archaeology,
Marseilles 2018. VAN DAMME, T.: Mass Documentation of
Archaeological Ship Timbers: Introducing a Novel, Time-Efficient
Approach, and DITTA, M. & AUER, J.: The ‘Big Ship’ of Wis-
mar. A Well-preserved 12th-Century Cargo Vessel in the Harbour

of Wismar.
15 JONES 2007
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KONSERVASYON - DOGRU KARARLAR NASIL ALINIR?

GEMI AHSAPLARININ DURUMU

Barcode ve B3/B7 batiklar1 giiniimiizdeki yiizeyin
3-7 metre altinda bulunmustur. Batiklarin hepsi ilk
basta suya batmis ve deniz tabanindaki kil ¢okeltilere
gomillmistiir. Battiktan sonra hizla Bjervika’nin dere ve
nehirlerinde biriken aliivyonlarin neden oldugu ¢okelti ve
killerle kaplanmis, elverisli anaerobik koruma kosullari
olusmustur. Bazi tekne ve gemiler govdesinin énemli bir
kismi saglam durumda bulunurken, bazilari ya ciiriime
nedeniyle ya da tasit battiginda zaten par¢alanmis durumda
oldugundan veya yanginda hasar gordigii icin daha
daginik durumda bulunmustur. Gemilerde gozle goriilebilir
kargo bulunmamustir, ancak bazi tasitlarda safra taglari
bulunmustur. Batiklarin higbirinde direk ya da kiirek yoktur,
kiiciik gemilerin bazilarinda sadece giivertelerin dagilmis
parcalart bulunabilmigtir. Ayrica gemilerin birkaginda
orijinal olarak aynalik bulunmasia ragmen, sadece bir tane
korunmus durumda aynalik saptanmistir. Sintine pompast,
camur kutusu gibi ayrintilar ve diger ekipmanlar ya
unutulmus ya da ¢ikarilacak kadar énemli gériilmemis bir
sekilde cesitli gemilerin i¢inde bulunmustur. Buluntu yeri
bazi gemilerin ‘katledilerek’ kasten batirilldigini, bazilarinin
ise yasi nedeniyle battigini, bazilarinin ise yangin hasari
nedeniyle battiginin bariz oldugunu géstermektedir.
Ahsabin durumu tekneden tekneye degisebildigi gibi, ayni
tekne icinde de degiskenlik gostermektedir, ancak genel
anlamda ytizey 6z kisimdan daha kotii durumdadir. Barcode
ve B3/B7 buluntularinda ¢ogunlukla mese olan suya doymus
ahsap normalde en ¢ok dis tabakalarda bozulur, bu da ahsabin
bu noktalarda daha diisiik yogunlukta olmasina neden olur.
Ortaya cikan hasar; deniz kurdu (7eredo navalis) ve su
burgusu (Limnoria lignorum), mantar, mikroorganizmalar
ve bakteriler gibi tahta yiyen boceklerin' yani sira ¢okeltiler
buluntular1 su gecirmez hale getirmeden once sudaki
oksijene maruz kalmaktan da kaynaklanir. Ote yandan,
ahsabin 6z kismi genellikle ‘taze’ ve sasirtici derecede iyi
korunmus durumda gériiniime sahiptir.

Oslo limanindaki kazilara baglamadan 6nce konservasyon
ekibimizin saklama ve sergileme amaciyla suya doymus
ahsaplarin  sabitlenmesi konusunda halihazirda yeterli
uzunlukta deneyimi vardi; ancak Oslo projelerinde ortaya
cikan materyalin bilyiik 6l¢ekli olmast beraberinde biiyiik
sorunlar dogurmustur. Bu sorunlar bir¢ok acidan kendini
gostermistir. Miizelerin her birinde smnirli miktarda bos
alan bulunmaktadir ve 1slak gemi ahsaplar1 ¢ok yer
kaplamaktadir. Ayrica koruma isleminin bir de ekonomik
boyutu bulunmaktadir; kaynaklar var olsa da sinirlidir. Son
ve en dnemlisi zaman hizla akip gitmektedir. Konservasyon
icin siraya giren suya domus ahsap bozulmaya devam
edecektir, ancak yer ve kaynak kisithlig1 tekneler
kurtarildiktan hemen sonra islemlere baslayabilmemizi
onlemektedir.

16 SANDVOLL 2015:221f

CONSERVATION - HOW TO MAKE THE RIGHT DECISIONS?

THE STATE OF THE SHIP TIMBERS

The Barcode and B3/B7 shipwrecks were found 3-7
metres under today’s surface. All of them were originally
deposited in water and rested in seabed clay sediments.
After they sunk, they were rapidly covered by silt and
clay caused by the silting of Bjervika’s streams and
rivers, creating favourable anaerobic preservation
conditions. Some of the boats and ships were found
with all major parts of the hull intact, others were more
fragmented, either because of decay, or because the
vessel was already fragmented when it was deposited, or
because of fire damage. The ships were found emptied
of any visible cargo, but ballast stones were found in
several vessels. None of the wrecks had masts or oars
preserved, and only fragmented parts of the decks could
be found on some of the small ships. We also have only
one complete transom preserved, although several of the
vessels originally had transoms. Details like bilge pumps,
bailers and other equipment were found aboard several of
the vessels, either forgotten or not considered important
enough to remove. The find situation indicates that some
of the vessels were ‘slaughtered’ and deliberately sunk,
others sunk due to old age, while some obviously sank
because of fire damage.

The condition of the wood varies from boat to boat, as
well as throughout one boat, but in general, the surface
is more deteriorated than the core. Waterlogged wood,
mainly oak in the Barcode and B3/B7 finds, is normally
most heavily degraded in the outer layers, resulting in
low density of the wood there. The damages are a result
of wood borers like wood worm (7eredo navalis) and
gribble (Limnoria lignorum), fungus, microorganisms
and bacteria'®, but also the exposition to the oxygen in
the water, before sediments sealed the finds. On the other
hand, the inner core of the wood often appears as ‘fresh’
and in a surprisingly good state of preservation.

Before the excavations in Oslo harbour started,
our conservation staff already had long experience
in stabilizing waterlogged timbers for storage and
exhibition, but the massive scale of the material from
the Oslo projects presented major challenges. The
challenges come from many angles. Every museum has
a limited amount of space available, and wet ship timbers
take up a lot of space. There is also an economic side
to the preservation; the resources are there, but they are
limited. And finally, but importantly, the clock is ticking.
When in a queue for conservation, waterlogged timber
will continue to deteriorate, but the limitation of space
and resources prevent us from being able to start the
processes immediately after the boats are rescued.

16 SANDVOLL 2015:22ff
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Denizcilik Arkeolojisi Dergisi

DORT DUZEYDE KORUMA

Proje ekibi dort diizeyde koruma uygulamasi yapmaya
karar vermistir (Fig. 7, mavi kareler). En yiiksek diizey
(en pahal1 ve en ¢ok zaman alan) ahsaplarin hepsine PEG
emdirme ve kaliplar i¢cinde dondurarak kurutma igleminin
uygulandig1 sergi amagli konservasyondur (Fig. 8)."” Bu
yontemle ahsap en uygun sekilde sabitlenerek iyi bir
yiizey birakilir ve kaliplar iginde dondurarak kurutma
islemi ahsaplarin seklinin bir zamanlar gemi yelken actig
zamandaki seklinde hem stabil hem de ‘donmus’ veya
kenetli durumda kalmasini saglar.

Ikinci en iyi mevcut ¢dziim PEG emdirme isleminin
ardindan kalip kullanmadan dondurarak kurutma
yontemidir (ahsaplar donduruculu kurutucuda diimdiiz
hale getirilir). Sonugta, ylizeyleri korunmus sabitlenmis
ahsap elde edilir, ancak sekil degisecekse ahsaplarin tekrar
eski seklini alacak sekilde biikiilmesi olasiligi kisithdir.
Bu durum kurutularak dondurulduktan sonra malzemenin
kirtllgan hale gelmesinden kaynaklanmaktadir.

FOUR LEVELS OF PRESERVATION

The project team decided to go for four levels of
preservation (Fig. 7, blue squares). The highest (most
expensive and time consuming) level is conservation
for exhibition with all timbers PEG impregnated and
freeze-dried in moulds (Fig. 8).!” This method stabilises
the wood in an optimal way, leaves a good surface, and
the freeze-drying in moulds makes sure the timbers
shape is both stable and ‘frozen’, or locked, in the
shape it once had when the vessel was sailing.

The second-best solution available is PEG
impregnation followed by freeze-drying without
using moulds (the timbers flattened out in the freeze
dryer). The result is a stabilised wood with preserved
surfaces, but with limited possibilities for bending
the timbers back into their original shape if the
shape is altered. This is due to the brittleness of the
material, after being freeze-dried.

Kazi sonrasi dokiimantasyon ve rekonstriiksiyon evreleri
Phases of post-excavation documentation and reconstruction

Kaz1
Excavation:

%40 P 000 %40 P

00
%40 PEG2000 %40 P
Suya doymus ahsabin seviyeleri

Levels of conservation of waterlogged timber

Sergi
Exhibition:

NORSK MARITIMT
MUSEUM

iorwegian Maritime Museum

(€

Fig. 7: Kazi-sonrasi belgeleme ve rekonstriiksiyon evreleri (yesil halkalar) ve suya doymus ahsap konservasyonunda dort
diizey (mavi kareler). Solda ortada; Barcode 8’in kaz1 ¢izimi, sagda; deneme serginin canlandirilmasi, Barcode 8§ ortada olacak
sekilde. Bu planin daha sonraki bir revizyonunda batik, cam bir stant i¢inde degil acik bir kizakta yer almaktadir. Gorsel: T.
Falck/NMM, mimari canlandirma: Kaels studio AS

Fig. 7: Phases of post-excavation documentation and reconstruction (green circles), and four levels of conservation of
waterlogged timber (blue squares). In the middle left; excavation drawing of the Barcode 8, right; visualisation of tentative
exhibition, with the Barcode 8 as a centre piece. A later revision of this plan places the shipwreck in an open cradle, not a glass
stand. Illustration: T. Falck/NMM, architects visualisation: Kaels studio AS

17 HOVDAN ET AL. 2015, SANDVOLL 2015:61, STRAET-
KVERN vd. 2009
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Fig. 8: Donduruculu kurutucuda alti ayini heniiz tamamlayan Barcode 6 borda kaplamalari. Kaplamalarin ¢ogu kontrplaktan
yapilmig olan kaliplara monte edilmistir. Kaliplar teknenin dijital olarak 6l¢iilen 6lgekli maketine dayanarak sekillendirilmis
olup, kaplamalarin tagitin kullanimda oldugu zamandaki orijinal seklini gostermektedir. Fotografta ayrica iyi bir sirkiilasyon
saglayan acik raf sistemi gosterilmektedir. Fazlalik olan beyaz PEG 1sitma yoluyla temizlenecektir. Foto: NMM

Fig. 8: Planks from Barcode 6 just finished six months in the freeze dryer. Most planks are mounted in moulds made
from plywood. The moulds are shaped based on the digitally measured scale model of the boat, and are representing the
original shape of the planks when the vessel was still sailing. The photo also shows the open shelving system, securing a
good sirculation. The white excess PEG will be removed with heating. Photo: NMM

Elimizde tek bir donduruculu kurutucu bulundugu igin
olusan kapasite sorunlari nedeniyle 6nemli sayida batik
ahsabima sadece PEG emdirme yontemiyle korunma
uygulanacaktir. Uciincii diizeydeki bu tip koruma
daha disiik nitelikte stabilizasyon saglasa da, yine de
tatmin edici olacaktir. Yiizeyler koyu ve mumlu olacak,
ahsap yine agirlik kazanacak, ancak teorik olarak PEG
emdirilmis kalintilar1 gerektiginde hafifce egip biikmek
olas1 olacaktir.

Dondurarak kurutma cihazi kullanma secenegi soz
konusu olmadiginda PEG emdirilmis gemi ahsaplarini
soguk bir ortamda yavas yavas kurutmak da bir
segenektir, bu yontem MS 1665 Serenga 7 batiginda
kabul edilebilir sonu¢ vermistir.'®

Doérdiincti diizeyde baz1 6rneklerde batigin pargalarmin
veya tiimiiniin imhast segilir. Bu 6rneklerde buluntunun
bilimsel degerinin dijital belgeleme yoluyla yapilmis
olmasi ve ileride sergilemek icin katma degerinin ¢ok
diisiik bir nesne oldugu gz dniinde bulundurulmaktadir.

18 FALCK vd. 2016

Because of capacity problems, with one freeze dryer
available, a considerable amount of ship timber will
be conserved with PEG impregnation only. This third
level of conservation will lead to a stabilising of a
lesser quality, but still satisfying. The surfaces will be
dark and waxy, the wood will gain weight, but it is in
theory possible to bend the fully PEG-impregnated
timbers slightly if needed.

The slowly drying of PEG-impregnated ship timbers
in a cold environment is an option when the use of
a freeze dryer is not an option, and the method has
been done with an acceptable result on the AD1665
shipwreck Serenga 7.8

On a fourth level, the disposal of parts of or the whole
shipwreck, is in some instances chosen. In these cases,
we consider the scientific value of the find ensured
through the digital documentation, and that the added
value as an object for a future exhibition is very low.

18 FALCK et al. 2016
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Bu ii¢ yontemden hangisi segilirse segilsin iglemler
tamamlandiktan sonra maliyet ve alan gereksinimlerinin
devam ettigini de eklemek gerekir. Konservasyon
tamamlandiktan sonra uygun klima-kontrollii depolama
tesisine duyulan gereksinim biiyiiktiir. Teknelerin
bliylik bir ¢ogunlugu ya tam PEG emdirme islemi
yoluyla ya da PEG ve kalip kullanmaksizin dondurarak
kurutma yontemi bir arada kullanilarak korunacaktir.
Kararlar teknenin essizligine, temsil edebilirligine,
gemi ahsaplarmin durumuna ve batigin biitiinliigiiniin
degerlendirilmesine bagli olarak almmaktadir. iki
projede saptanan buluntularin korunma durumunu
kargilagtirirken  Barcode  buluntularinin ~ B3/B7
buluntularindan  daha 1iyi korunmus durumda
oldugunu belirtmek gerekir. Bu da ikinci projede yer
alan buluntulardan belgelendirme sonrasinda daha
fazlasinin gozden c¢ikarilirken, Barcode projesinde
daha fazla buluntunun uygun bir sekilde korunacagini
gostermektedir.

Teknelerin sadece birkag tanesi PEG emdirme isleminin
ardindan 0zel olarak iiretilmis kaliplarda dondurarak
kurutma isleminden gegirilecektir. Bu iglem plam
yapilan ve ileride sergilenmek amaciyla fon saglanan
teknelerle siirlidir; su anda bu durum sadece iki batik
icin gegerlidir: Barcode 6 ve Barcode 8. Barcode
6 halihazirda rekonstriiksiyonu yapilmis durumda
sergilenmektedir; Barcode 8 ise in situ durumdaki
bir batik olarak 2021 yilinda sergilenecektir. Buna ek
olarak, Barcode 6’nin tam 6lgekli bir yelkenli kopyasi
olan, ilk denemesi yapilmis Vaaghals, NMM tarafindan
insa edilerek 2011 yilinda suya indirilmistir.

BARCODE 6

Suya doymus batik bulgularini sergileme karari
almirken g6z ontinde bulundurulmasi gereken bir dizi
konu vardir; bu, siirecte yer alan herkes agisindan
zaman alict ve zorlu bir siirectir. Batik ne durumda
sergilenmeli, batigin rekonstriikksiyonu aslina uygun
olarak yaptigimiz yoruma gore mi insa edilmeli, eksik
parcalar tamamlanmali mi1, destekleyici elemanlar,
celik civatalar ve kaburgalar goriiniir mii olmali yoksa
gizlenmeli mi gibi iizerinde durulmasi gereken dnemli
sorulara yanit bulmak gerekir. Barcode 6 sergilenecek
olan ilk Oslo batig1ydi ve sergilenmesine kadar yasanan
siireg suya doymus ahsaplarin sundugu olanaklar ve
kisitlamalart anlama diizeyimize katki saglamistir.
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It should be added that the costs and space
requirements continue after finishing treatment,
independently of what method 1-3 is chosen.
The need for proper climate-controlled
storage facilities after finished conservation is
tremendous. The majority of the boats will be
preserved either through full PEG-impregnation
or with the combined PEG and freeze-drying
method without using moulds. The decisions
are made based on an evaluation of the vessel’s
uniqueness, representativeness, the condition
of the ship timbers and the completeness of
the wreck. It is worth mentioning that when
comparing the state of preservation of the finds in
the two projects, it is clear that the Barcode finds
are better preserved than the finds from B3/B7.
This implies that more of the finds from the latter
project will be discarded after documentation,
while more finds will be properly conserved
from the Barcode project.

Only a few of the boats will be PEG-impregnated
followed by freeze-drying in purpose-built
moulds. The treatment is restricted to boats with
a plan and funding for a future exhibition; for
now, this only applies to two vessels — Barcode
6 and Barcode 8. Barcode 6 is already exhibited
in a reconstructed state, while Barcode 8 will
be exhibited in 2021 as a wreck reflecting its in
situ state. In addition, a full-scale sailing copy
of Barcode 6, baptised Vaaghals, was built by
NMM and launched in 2011.

BARCODE 6

The decision to exhibit waterlogged ship finds
leads to a chain of considerations, and the
process is time consuming and challenging for
all partakers. There are crucial questions to
consider, like in what state should the wreck be
presented? Should the vessel be reconstructed to
our interpretation of its original shape? Should
missing parts be added? Should the supporting
structures, steel bolts and frames be hidden or
visible? Barcode 6 was the first Oslo boat to be
exhibited, and the process towards the exhibition
has raised our level of understanding of the
possibilities and limitations held by waterlogged
ship timbers.



BARCODE 6 BATIGI

Barcode 6 nispeten biiyiik gemi sinifina giren bindirme
kaplamali bir gemidir. Gemi rekonstriiksiyonunun
govde uzunlugu 7,7 m iken, geminin ortasindaki
kiipeste genisliginin 2,9 m oldugu tahmin edilmektedir.
T-sekilli bir omurga iizerine insa edilen gemi kavisli
bir pruvaya ve aynaliga sahiptir. Gemide birbirini
kismen ahsap civilerle kismen de percinli demir
civilerle tutan dokuz adet borda kaplamasi vardir
(Fig. 9). Agirlikli olarak meseden (Quercus sp.) imal
edilmistir, ancak kaburgalar kismen mese ve ¢camdir
(Pinus sp.). I¢ karina ve kiirek 1skarmozlarinin varligi
teknenin hem yelkenle hem de kiirekle yol aldigimi
gostermektedir. Ahsaplar dendrokronolojik olarak
MS 1595 yilina tarihlenmekte olup', biyik bir
olasilikla Gliney Norveg kokenlidir. Tekne en az bir
kez kapsamli bir yeniden yapima ugramis, normal bir
ki¢c bodoslamasindan aynalik sahibi olacak sekilde
oldukea radikal bir degisim ge¢irmistir. Bu bulgu s6z
konusu gemiyi ayni yerde bulunan diger teknelerle
birlikte Norvec¢’te aynalik bulunan bilinen en eski
gemi yapmaktadir. Barcode 6 batiginin geminin kargo
kapasitesini artirmak amaciyla yeniden insa edilmis
olmas1 olasidir.

KONSERVASYON HAZIRLIKLARI

Kazi sonrasi evrede 216 metre ahsap dijital olarak
belgelenmistir. Borda kaplamalarinin orijinal sekli
1:5 olgekli bir maketten tahmin edilmistir. Makette
diizlenen kaplamalar bas bodoslamasi, aynalik, karina
ve kaburgalarin yani sira birbirine uyacak sekilde
yeniden biikiilmiistiir. FARO-Arm kullanilarak nihai
maket dijital hale getirildiginde her bir par¢anin sekli
dijital bir makette yeniden tanimlanabilmistir (Fig.
10). Dijital maket ahsaplar1 dondurarak kuruturken
sabit sekillerin i¢ine kenetleyecek kaliplar yapmak
amactyla kullanilmastir.

PEG EMDIRME ISLEMI

Barcode 6 batigmm 1:1 belgelenmesinin ardindan
koruma iglemine baglanmis; ahsabin sekli, hacmi,
yiizeyindeki alet izleri ve asinma izlerinin yani
sira  gorsel gorlinlimii  korunurken, kurutulmasi
amaglanmistir. Konservatorler ahsaplar1 polietilen
glikol emdirme (PEG) ve vakumlu dondurarak
kurutma yontemlerini bir arada kullanarak sabitlemeyi
tercih etmislerdir. PEG suda ¢6ziinebilen sentetik bir
recinedir. Suya doymus durumdaki ahsap, Barcode ve
B3/B7 batiklarinda agirlikli olarak mese, normalde
dis katmanlarda daha agir sekilde bozunur, bu da
s6z konusu bolgede ahsabin yogunlugunun diisiik
olmasina neden olur.

19 DALY 2010a
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THE BOAT BARCODE 6

The Barcode 6 is a lapstrake vessel, defined as a
relatively large boat. The reconstructed length of the
hull is 7.7 m, while the width is estimated to be 2.9
m at the gunwale amidships. It is constructed on a
T-shaped keel and has a curved stem and a transom.
The boat has nine strakes held together partly by
wooden nails, and partly by clenched iron nails
(Fig. 9). It is built mainly in oak (Quercus sp.), but
the frames are partly in oak and pine (Pinus sp.). A
keelson and the presence of rowlocks show that the
boat has been both sailed and rowed. The timber is
dendrochronologically dated to after AD1595", and
is probably of Southern Norwegian origin. The boat
has undergone at least one major rebuild, changing
it quite radically from having a straight stern post, to
having a transom. This evidence makes it the oldest
known boat in Norway to have a transom, together
with other boats from the same site. It is likely that
the rebuild of Barcode 6 was undertaken to increase
the cargo capacity of the vessel.

PREPARATION FOR CONSERVATION

216 metres of timber were digitally documented
in the post-excavational phase. The estimate of the
original shape of the planks was acquired from the
1:5 scale model. In the model, flattened out planks
were re-twisted to fit each other as well as the
stempost, transom, keel and frames. By digitalising
the finished model using the FARO-Arm, each part’s
shape could be re-defined in a digital model (Fig.
10). The digital model was used to make moulds,
which would lock the timbers into fixed shapes while
freeze-drying.

PEG IMPREGNATION

After the 1:1 documentation of Barcode 6, the
preservation started, and aimed towards drying
the wood while maintaining the shape, volume,
tool marks and traces of wear on the surface, as
well as the visual appearance of the wood. The
conservators chose to stabilize the timbers with a
combination of polyethylene glycol impregnation
(PEG) and vacuum freeze-drying. PEG is a
synthetic wax soluble in water. Waterlogged wood,
mainly oak in the Barcode and B3/B7 boats, is
normally most heavily degraded in the outer layers,
resulting in low density of the wood there.

19 DALY 2010a
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Fig. 9: Barcode 6’nin kaplamalarinin igi, ii¢ ¢iviyle “klinker uygulanmis” olan alt kenar per¢inli demir givilerle birlestiren
kamalarla birlikte gosterilmektedir. Ust kenarda her seyden 6nce percinli demir giviler sonrasinda delikler bulunmaktadir.
Acik kahve rengi noktalar tekneyi korumus olan ve su gegirmez zift tabakasinin kalmtilaridir. Foto: K. Steen/NMM.

Fig. 9: Inside plank from Barcode 6, showing the lower edge that has been “clinkered” with tree nails with wedges combined
with clenched iron nails. The top edge has primarily holes after clenched iron nails. The light brown spots are remnants of a
layer of tar, that has protected, and watertightened the boat. Photo: K. Steen/NMM.

Coziinen balmumu (bu Ornekte  molekiiler
agirlik 2000; yani, PEG 2000) diisiik yogunluktaki
ahsabin icgine kolayca niifuz ederek hiicrelerin
¢Okmesini ve ahsap yiizey tabakasinin g¢atlamasini
veya c¢ekmesini Onler. Ancak bu tir % 40 PEG
emdirilmis ahsabin atmosferik ortamda kurutulmasi
tavsiye edilmez c¢linkii tam emdirilmedigi siirece
(% 80-90) suya doymus ahsabin kuruduktan sonra
oldukca sert ve esnek olmayan bir hale gelebilecegi
¢ok iyi bir sekilde belgelenmistir.?

Barcode 6 batigima asit gecirmez gelik bir tankta
plastik kaplama ve kalip levhalarindan olusan bir
kapakla ortiilerek emdirme islemi uygulanmistir.
Tank strafor levhalarla distan izole edilmistir.
Emdirme islemine, ahsabin 6ziiniin en iyi sekilde
korunmasi amaciyla % 4 diisiik molekiiler PEG
200 ile baslanmustir. Ik % 4’liik PEG 200 isleminin
ardindan ¢ozelti % 40’a ulasana kadar her 6 ayda bir
%10 PEG 2000 ile artirilarak 6 ay daha bu sekilde
tutulmustur. PEG konsantrasyonlarinin takibinde bir
el refraktometresi kullanilmigtir. PEG banyosu gemi
omurgasinin ve biikiilen bazi kaplamalarin sekil
almasini hizlandirmak amaciyla degisik giinlerde ti¢
kez neredeyse 60°C’ye kadar 1sitilmistir.

DONDURARAK KURUTMA

NMM’nin vakumlu donduruculu kurutma cihazinin
capt 1,2 m, uzunlugu ise 6,3 m’dir. Baslangigta
teknenin tiimii i¢in ayarlara -30°C’de (donduruculu
kurutucudaki 1s1 sensorleri -40’1n altin1 gdsterirken)
baslayip, daha sonra kaplamalar i¢in 5-6 aylik,
omurga ve daha kalin kisimlar i¢inse 9 aylik bir stirede
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1sinin kiigiik oranlarda kademeli olarak artirilmasi
disiiniilmiistiir.  Vakum 1siya gore degiskenlik
gostermistir, ancak tipik olarak 2,5 x 10! ila 5,0 x 102
mbar araliginda tutulmustur.

Bindirme kaplamali  teknelerdeki  kaplamalar,
ozellikle pruva, kic bodoslama veya aynalik gibi
degisik yonlerde kivrimli ve sekillidir. Konservasyon
isleminde yeniden yapilan gdvdenin sergilenmesi
hedeflendiginde bu sekillerin tiim konservasyon
islemi sliresi boyunca korunmasi ¢ok Onem
tagimaktadir. Barcode 6 batig1 ahsaplart islem
sonrasinda kivrildiginda veya biikiildigiinde sert,
kirilgan ve mekanik stresten dolayir hasar gormeye
egimli olacagindan bunlara dondurarak kurutma
isleminden Once sekil verilmesi gerekmistir. En zorlu
pargalarla calismaya baslamadan Once ahgabi daha
esnek hale getirebilmek i¢in PEG banyosu 60°C’de
isitilmagtir.

Donduruculu  kurutma tankinin igindeki alanin
verimli kullanilmasi i¢in tiim parcalarin O6nceden
tam yerlestirilmesini planlamak amaciyla yapilan
donduruculu kurutma cihazi igerisindeki raflarin
kartondan yapilmis bir maketi ile kaplamalarin
tiimiiniin 1:5 oranindaki karton maketleri ¢ok ise
yaradi. Donduruculu kurutma cihazint etkili bir
sekilde doldurmak icin yapilan ekstra isler harcanan
zamana degmis, islem 6-8 kez yerine 5 keze indirilerek
zamandan kazanilmistir,

Raf sistemi ve profil kesitlerinin kullaniimasi
donduruculu kurutma tankinin iginde agik bir yapiya
izin vermistir; bu durum islem sirasinda etkili bir 1s1
ve enerji aktarimi elde etmek agisindan énemlidir.



The dissolved wax (in this case with a
molecular weight of 2000; that is, PEG
2000) penetrates easily into low-density wood,
where it prevents the cells from collapsing and the
wooden surface layer from cracking or shrinking.
It is, however, not advisable to dry such 40% PEG-
impregnated wood atmospherically, since it is a well-
documented fact that waterlogged wood can become
quite stiff and inflexible after drying, unless fully
impregnated (80-90%).%°

Barcode 6 was impregnated in an acid-resistant
steel tank, covered with plastic sheeting and a lid
of formwork panels. The tank was insulated on the
outside with Styrofoam sheets. The impregnation
started with a 4% of the low molecular PEG 200
intended for the better-preserved core of the wood.
Following the initial 4% PEG 200, the solution was
increased with 10% PEG 2000 every 6 months until
40% was reached and kept for another 6 months.
A handheld refractometer was used to monitor the
PEG concentrations. The PEG bath was heated up to
almost 60°C over several days on three occasions to
facilitate the shaping of the keel and some of the more
twisted planks.

FREEZE-DRYING

NMMs vacuum freeze dryer has a diameter of 1.2
m and a length of 6.3 m. It was initially thought to
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require 6-8 turns for the whole boat, starting with
the settings on -30°C (temperature sensors located in
the freeze drier showing below -40), and gradually
increasing the temperature in small steps over a
period of 5-6 months for the planks, and 9 months for
the keel and the thicker parts. The vacuum varied with
the temperature but was typically within the range of
2,5x 10" to 5,0 x 10”2 mbar.

The planks in lapstrake-built boats are twisted and
shaped, often in several directions, especially towards
the stem, sternpost or transom. When exhibition of
the reconstructed hull is the goal for the conservation
process, the retaining of these shapes throughout the
whole process of conservation is vital. The wood
of Barcode 6 had to be shaped before freeze-drying
because it would be stiff and brittle and prone to
damage from mechanical stress if it was twisted or
bent after the treatment. The PEG bath was heated to
60°C in order to make the wood more flexible, before
working with the most challenging parts.

For space efficiency inside the freeze dryer tank, a
cardboard model of the shelves in the freeze dryer
and cardboard models of all the planks in 1:5 was
an appreciated tool to plan the exact placement of all
parts in advance. The extra work invested into filling
the freeze drier in an efficient manner paid off, and
the process was reduced to five turns instead of 6-8,
saving valuable time.

Fig. 10: Barcode 6’nin 1:5 6lgekli
maketi arkeoloji personeliyle
birlikte Lars Stalegard (tekne
yapimcist) ve Dr. Terje Planke
tarafindan yapilmistir. Maket
FARO-Arm ile kaydedilmistir.
Cizimler yapiyla dijital olarak
calisma olanagi sunmustur ve
ahsaplarim nasil korunacagina karar
vermede etkili olmustur.

Fig. 10: The scale model of
Barcode 6 in 1:5 was built by Lars
Stalegard (boat builder) and Dr.
Terje Planke together with the
archaeological staff. The model was
recorded with the FARO-arm. The
drawings provided the possibility

to work with the structure digitally,
and was crucial to decide on how to
conserve the timbers.
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Her bir parcanin istenen sekli dijitallestirilen karton
makete gore belirlenerek omurganin ki¢ tarafta
ve pruvada diizlenip, biikiilme ve kaldirilmasina,
ortada ise diisiiriilmesine gerek oldugu gozlenmistir.
Rekonstriiksiyonun tlimiinde omurga temel olarak
kullanilmustir ve sekildeki ufak tefek hatalar teknenin
postalarinin  yerlestirilmesine ~ sira  geldiginde
komplikasyonlara neden olabilecektir. Hata muhtemelen
teknede daha da artacak ve borda kaplamalarinin
birbirine gecirilmesinde sorun yasanmasina neden
olacaktir. Bu da aym sekilde egrilerin yerlestirilmesinde
hatalara yol agacaktir. Geminin omurgasinda yedi adet
delik acarak omurgayi ¢elik bir kirige civatalarla monte
etme karart alinmistir. Paslanmaz celikten kirig, 100
x 10 mm Oolgiilerinde yass1 ¢elik ve 60 x 40 x 4 mm
Olciilerinde ¢elik kare borularla yapilmigtir (Fig. 11).
Bunlar birbirine baglanarak civatalarin her bir baglanti
noktasinda kirisin her iki yanina ¢elik tuglalarla kaynak
yapilmistir. Daha sonra ¢elik tuglalara bir destek sasisi
vidalanarak vida delikleri agilirken mastar1 desteklemek
ve kuruturken omurgayi celik kirise dayamak igin
kullanilmistir.  Delikleri agarken omurganin dogru
pozisyonda tutulmasima dikkat etmek gerektiginden her
bir noktaya yonlendirme saglamak amaciyla kontrplagin
profil kesimleri yerlestirilmistir. Bu da omurganin dogru
yiikseklik ve acida tutulmasini saglamistir. Delikler
acildiktan sonra ¢elik mangonlar monte edilerek farkli
uzunluklardaki ¢elik mangonlarla u-gekilli mangon
omurgay1 desteklemistir. Bu ¢elik mansonlar u-sekilli
mangonu dogru yiikseklikte tutarak bunlarin iizerine
yerlestirildiginde omurgaya yeni kavisini vermistir.
Crvatayr omurga ve destek sistemi boyunca monte
ettikten sonra omurga yerine yassi bir ¢elik ¢ubukla
sabitlenmistir.

SERGI iCIN GEMi GOVDESI iNSASI-3D BIR BILMECE Mi?
Elimizde sablon olarak Barcode 6 batigimin karton
maket ve 0Ozel olarak Onceden-sekillendirilmis tekne
parcalart seti olunca teknenin rekonstriiksiyonunu
yapmanin 3 boyutlu bir bulmacay1 yeniden monte etmek
gibi olacagmi diistinmek kolaydi. Ancak maalesef
iistteki kiitlelerin agirhigi suya doymus tekne pargalarini
yerinden oynatmisti. Bu durum tekne parcalarini
karton maket lizerinde birbirine takarken ortaya gikti.
Kaburgalardan birinin seklinin kazi sirasinda in situ
olarak, kazi-sonrasi evrede FARO-Arm ile Olgekli
makette ve yine dondurarak kurutma igleminden sonra
olmak iizere dort agamada belgelenmis olmasi seklinin
degismis oldugunu gosterdi. Bu da bu asamalardan
hangisinin asil sekline en yakin oldugu sorusunu
giindeme getirdi.
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A shelving system and use of profile sections
allowed for an open structure inside the freeze dryer
tank, which is important in order to get an effective
transmission of heat and energy during the process.
The desired shape of each part was determined by
the digitalised cardboard model, and showed that the
keel needed to be straightened, twisted, lifted in the
aft and bow, and lowered in the middle. The entire
reconstruction uses the keel as a fundament, and
minor errors in the shape could potentially lead to
complications when it came to fitting the timbers of
the boat. The error would probably increase higher
up in the boat, and cause problems fitting the strakes
together. This again would lead to errors concerning
the fitting of the frames. The decision was made to
mount the keel onto a steel beam with bolts through
seven drilled holes in the keel. The stainless steel beam
was made out of flat steel 100 x 10 mm, and a square
tube of steel 60 x 40 x 4 mm (Fig. 11). These were
fastened together, and steel bricks welded on both sides
of the beam at each attachment point for the bolts. A
support frame was then screwed to the steel bricks and
used to support the jig when drilling the boltholes and
anchor the keel to the steel beam while drying. It was
important to keep the keel in the right position when
drilling the holes, so profile sections of plywood were
put in place at each point as a guidance. These gave
the right height and angle of the keel. After drilling
the holes, the steel sleeves were mounted and u-shaped
steel with steel sleeves of different lengths supported
the keel. These steel sleeves kept the u-shaped steel at
the right height and gave the keel its new curve when
it was placed on top of them. After mounting the bolt
through the keel and support system, a flat steel bar
secured the keel in place.

BUILDING THE HULL FOR EXHIBITION - A 3D PUZZLE?
Having the cardboard model of Barcode 6 as a template
and a set of customized pre-shaped boat parts, it was
easy to think that reconstructing the boat would be
like reassembling a big 3D puzzle. Unfortunately,
the weight of overlying masses had manipulated the
waterlogged boat parts. This became clear when the
boat parts were fitted together in the cardboard model.
Documentation of the shape of one of the frames
done in four stages, in situ during the excavation,
with FARO-arm in the post-excavational phase, in the
scale model, and once again with the FARO-arm after
freeze-drying showed that the shape had changed. It
raised the question which of these stages was closest
to the original shape?



Fig. 11: Kig tarafindan goriindiigii sekliyle sergilenen Barcode 6 batig1. Ayarlanabilir tellerden olusan bir i¢ sistemle sabitlenen
6zel yapim paslanmaz gelik gercevelerden yapilan destek sistemi goriilmektedir. Sagda yer alan omurgadir. Omurganin destek
sistemi tiim sistemin saglamliginin temelini olusturmaktadir. Foto: NMM

Fig. 11: The Barcode 6 boat on display, seen from the aft. It shows the support system made from custom made stainless steel
frames which is fastenen by an internal system of adjustable wires. To the right is the keel. The support system for the keel

construct the basis for the solidity of the whole system. Photo: NMM

Tekne yapimi omurganin ddsenmesiyle baslar. Ayni
sey arkeolojik bir teknenin rekonstriiksiyonu igin de
gecerlidir. Kaplamalarin tersine omurga celik kiristen
asla sokiilmemistir; kuvvetini ve gerilimini korumustur,
sokiilseydi eski haline dondiirmek mimkiin olmazdi.
Omurga yerlestirildikten sonra pruva, ki¢ ve borda
kaplamalar1 yerlerine oturtulabildi. Rekonstriiksiyon
calismast teker teker yapilabildi; donduruculu kurutucunun
hazir olmasini beklerken ve daha fazla yapim pargasi
saglanmasi i¢in gerekli molalar verildi.

Ahsabin saglam bir 6zl oldugundan kaplamalarin kuruduktan
sonra bile egilip biikiilme olasilig1 bulunmaktadir. Kuruduktan
sonra yanlis sekil almasindan kaginmak igin donduruculu
kurutucudaki i¢ diizenegin aynisindan ahsap bir donanim
olusturuldu. Asili durumdaki kaplamalar donduruculu
kurutucudan dogrudan bu donamima aktarilarak sadece
transfer ve yiizeydeki fazla PEG’in temizlenmesi amaciyla
serbest birakildi. Bu islem kaplamalar1 tekneye baglama
zamani gelinceye kadar sekillerini korumak amaciyla yapild.

The building of a boat starts with the laying of
the keel. The same goes for reconstructing an
archaeological boat. Unlike the planks, the keel
was never released from the steel beam; it retained
strength and tension and if released, it would have
been impossible to return it. Once the keel was
in place, the stem, stern and the strakes could be
positioned. The reconstruction work took place bit
by bit, with required pauses awaiting the freeze-
dryer to be ready and provide more building parts.
Because the wood had a sound core, there was a
chance that the planks would twist and bend even
after drying. To avoid misshaping after drying, a
wooden rig was set up mirroring the interior setup in
the freeze dryer. The suspended planks were moved
directly from the freeze dryer to the rig and was only
released for the transfer, and cleaning of excess PEG
from the surface. This was done to retain the shape
until it was time to fasten them in the boat.
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Kaplamalar orijinal ahsap c¢ivilerin yerine aside dayanikli
celikten yapilma modern civatalarla orijinal ¢ivi delikleri
yeniden kullanilarak bir araya getirilmistir. Kaburgalardaki
orijinal deliklerin bazilart kaplamalardakilere uymus
ve kaplamalarin dogru pozisyonda durmasina yardimei
olmustur. Govde aside dayanikli gelikten yapilma tam
anlamryla uygun dis ¢ubuklarla desteklenerek omurganin
altindaki celik kiristen dordiinci borda kaplamasina
saplanmistir. Teknenin tim agirhigmi tasiyacak destek
tertibat1 yapilmigtir. Dis destek ayaklar1 sergilendiginde
gorlintiiyli  bozdugundan bunlari minimum seviyede
tutmaya caba gosterilmistir. Siirecin bu bolimiinden
Viking gemi miizesinden bir uzman, Ragnar Lechen (Oslo
Universitesi) sorumluydu, uzmanhgiyla ekibe degerli
katkilar sunmustur.

Govdenin eksik boliimlerini agik birakip birakmama
veya orada neler olabilecegini gostermeye ¢alisma
konusunda karar verilmesi gerekiyordu. Karton maket
yapimi, herhangi bir aynalik pargasi korunmus olmasa da,
teknede aslinda bir aynalik oldugunu ortaya koymustur.
Ayrica, dokuzuncu siradaki kiipesteden sadece bir tahta
korunmustur. Akla gelen fikir baglangicta teknenin gorsel
olarak anlagilmasini kolaylastirmak i¢in bu eksik parcalarin
nerelerde oldugunu gostermekti. Bu, rekonstriiksiyon
ilerledikge hicbir seyi degistirmemek veya yerine bir sey
koymamak seklinde daha tutucu bir fikre doniisti. Bunun
yerine, tekneyi olabildigince otantik halinde tutmak
amaciyla sadece tekneyi giivende tutmak igin gerekli olan
seyler eklendi.

Tam Olgekli yiizen rekonstriiksiyon Vaaghals, kullanim
halindeyken teknenin nasil goriinebilecegi konusunda
daha gergekei bir deneyim sunmaktadir.

VAAGHALS: BARCODE 6'NIN YUZEN KOPYASI - YUZEN BiR ARASTIRMA
LABORATUVARI

Teknelerin tam-6lgekli rekonstriiksiyonlarmin
yapilmasinin  orijinal malzemenin konservasyonunu
nasil yapacagimiz konusunda dogrudan bir etkisi olmasa
da bu calismanin bize sagladigi katkidan bahsetmek
istiyoruz. Konservatorler sergi i¢in Barcode 6 batigini
nasil hazirlayacaklarina karar verirken hem maketi hem
de tam-6lgekli rekonstriiksiyonu yapmis olmanin verdigi
deneyimden faydalanmistir. Barcode projesinin ardindan
miize 2009 yilinda bir tekne yapim atdlyesi (BoatLab)
act1. Atolyenin ilk gorevi karton ve hafif esnek plastikten
yapilmis 3D baskili tekne parcalarini kullanarak imal edilen
olcekli bir maketle (1:5) baslayarak Barcode 6 batiginin
rekonstriiksiyonunu yapmakti.2' Makette agir baski altinda
400 y1l sonra diizlenmig durumdaki ahgap kalmtilar orijinal
(varsayilan) sekline geri dondii. Maket tam-dlgekli tekne
yapimi i¢in tekne treticisine sablon vazifesi gordii, ayni
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The planks are held together by reusing the original
nail holes substituting the original wooden nails
with modern bolts in acid-resistant steel. Some of
the original holes in the frames matched the holes in
the planks well, and helped to hold the planks in the
right position. The hull was supported by precisely
fitted exterior bars in acid-resistant steel, anchored in
the steel beam under the keel up to the fourth strake.
The support construction was made to carry the whole
weight of the boat. Exterior support legs disturb the
visual impression when exhibited, and efforts were
made to keep them to a minimum. An expert, Ragnar
Lechen from the Viking ship museum (University of
Oslo), was responsible for this part of the process, and
added valuable expertise to the team.

A decision had to be made whether or not to leave
the areas of the hull with missing parts open or try to
illustrate what could have been there. The building of
the cardboard model proved that the boat originally
had a transom, although no parts of the actual transom
were preserved. Moreover, from the ninth strake, the
gunwale, only one of the planks was preserved. The idea
was initially to show where the lines of these missing
parts had been, to facilitate the visual understanding
of the boat. As the reconstruction evolved, the idea
moved towards the more conservative position to not
replace or substitute anything. Instead, we only added
what was necessary to secure the boat, to keep it as
authentic as possible.

Vaaghals, the full-scale floating reconstruction, gives
amore lifelike experience of what the boat might have
looked like when it was in use.

VAAGHALS: THE SAILING COPY OF BARCODE 6 - A FLOATING
RESEARCH LAB

Even though the building of full-scale reconstructions
of the boats does not have a direct influence on how
we proceeded with the conservation of the original
material, we would like to describe the added value
of this work. The conservators applied the experience
from building both the model and the full-scale
reconstruction, when deciding on how to prepare
the Barcode 6 for an exhibition. In the wake of the
Barcode project, the museum opened a boat-building
workshop in 2009, the BoatLab. The first task was to
build a reconstruction of the Barcode 6, starting off
with a scale model (1:5), constructed using cardboard
and 3D-printed boat parts in slightly flexible plastic.?!
In the model, the timbers that were flattened out
after 400 years under heavy pressure, regained their
(hypothetical) original shape. The model served as the
means for a template for the boatbuilder to build the
full-scale boat, but also to gain understanding of the
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zamanda bir biitiin olarak ve pargalariyla teknenin yapim
prensiplerinin anlasilmasma katkida bulundu. Vaaghals
(Ingilizce: the Daredevil, Tiirkge: Goziipek) 2011 yilinda
suya indirilmistir, su anda miize teknesi olarak islev
gormekte olup, ziyaretcilerine fiyortlarda yelken gezisi
olanagi sunmaktadir. Miize tekneyi Oncelikle denizci
Oslo’nun arkeolojisini ve tarihgesini aktarmak amaciyla
kullanmaktadir, ancak gerceklestirilmeyi bekleyen
aragtirma potansiyellerini de vurgulamakta fayda vardir.
Orijinal malzeme, dijital belgeleme ve tam-dlgekli yelken
hipotezi arasindaki kesisim deneysel arkeoloji, el sanatlari
bilgisi ve ara¢ kullanimi ve malzeme se¢imleri konusundaki
katma degerin tartisilmasini saglayacak onemli sorulari
glindeme getirme potansiyeline sahiptir. Ayrica deneysel
arkeolojinin (fiilen tekne yapimmin) 6lgekli maketlerle
elde edilen bulgulari sorgulamamiza olanak verdigi
de deneyimlenmistir. Bunlar ileride sistematik olarak
aragtirmay1 dort gozle bekledigimiz sorulardir.

BARCODE 8

Barcode 6 gibi Barcode 8 de nispeten biiyiik bir tekne
olarak tanimlanabilecek bindirme kaplamali bir gemidir.
Govdenin rekonstrilksiyon uzunlugu 9,5 m, geminin
ortasindaki kiipeste genisliginin ise 4.8 m oldugu tahmin
edilmektedir. Asozlu bir omurga iizerine insa edilen
tekne kavisli bir pruvaya ve aynaliga sahiptir. Agirlikh
olarak perginli demir ¢ivilerle birbirini tutan 18 borda
kaplamasindan olusur, ancak alti kaplamada klinker
civilerin (kiireklerle) kullanildigi da gozlemlenmistir.
Tekne agirlikli olarak meseden (Quercus sp.) imal
edilmistir. Ahsaplar dendrokronolojik olarak MS 1595
yilina tarihlenmistir ve biiyiik bir olasilikla Giiney Norveg
kokenlidir.”> Tekne nispeten diiz dipli, olduk¢a 6zgiin ve
hacimli bir sekle sahiptir ve ayni doneme ait Barcode
teknelerin bilyiik bir ¢ogunlugunun tersine ahsap doseme
testere ile kesilmis olmayip, baltayla sekillendirilmistir.
Muhtemelen yakin, agir boyutlu ¢atkiya sahip saglam
yapist nedeniyle kiigiik bir kargo gemisi olarak
kullanilmustir.

NMM, bati§1 miizenin 2021 yilinda agilmast planlanan
yeni geleneksel Norveg ahsap tekneleri sergisinde
sergilemeye karar vermistir. Barcode 8 orijinal yerinde
konumu gosterilecek olan bir batik olarak sergilenecektir.
Bu nedenle konservasyonun hedefi teknenin ahsaplarinin
sekli ve goriiniimiinii 2009 yilinda bulundugu zamanki
durumuna mimkiin oldugunca yakin bir sekilde
korumak olacaktir. Barcode 8 orijinal sekline gore
yeniden yapilmayacagindan orijinal seklini korumak i¢in
parcalari1  kaliplarda dondurarak kurutmanin gerekli
olmadigr diisliniilmektedir, sadece miimkiin oldugu
kadar bulundugu zamanki durumunda korunacaktir.

22 DALY 2011, 2014A

TINA

principles of the construction as a whole and its parts.
Vaaghals (Eng: the Daredevil) was launched in 2011,
and now functions as a museum boat, offering sailing
trips on the fjord for visitors. The museum primarily
uses the boat to communicate the archaeology and
history of maritime Oslo, but it is worth stressing
the research potentials that await realisation. The
intersection between the original material, the
digital documentation, and the building of full-
scale sailing hypothesis has the potential to raise
important questions, to discuss with the added value
of experimental archaeology, knowledge of handcraft,
and the use of tools and material choices. We also
experience that the experimental archaeology (the
actual boatbuilding) allow us to question the results of
the scale models. These are questions we look forward
to investigating systematically in the future.

BARCODE 8

Like Barcode 6, the Barcode 8 is also a lapstrake
vessel that can be defined as a relatively large boat.
The reconstructed length of the hull is 9.5 m, while the
width is estimated to be 4.8 m at the gunwale amidships.
It is constructed on a keel with rabbet and has a curved
stem and a transom. It consists of 18 strakes held
together mainly by clenched iron nails, but the usage
of clinker nails (with rows) was also observed on six
planks. It is built mainly in oak (Quercus sp.). The
timber is dendrochronologically dated to AD 1595 and
is probably of Southern Norwegian origin.” The boat
is relatively flat-bottomed, with quite a peculiar and
voluminous shape; and in contrast to the majority of
the Barcode boats from the same period, the planking
is not sawed but axed. It was probably used as a small
cargo vessel due to sturdy construction with close,
heavy dimensioned framing.

NMM decided to exhibit the boat in the museum’s new
exhibition of traditional, Norwegian wooden boats
scheduled to open in 2021. Barcode 8 will be exhibited
as a wreck to illustrate the on-site situation. The goal
for the conservation will therefore be to preserve the
shape and look of the boat timbers as close as possible
to the situation when it was found in 2009.
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Islem bunda da olduk¢a benzerdir. Barcode 6°da oldugu
gibi omurgay1 koruma konusunda da bazi giigliikler
yasanmustir. Barcode 8 batik olarak sergileneceginden,
caligmalar bir zamanlar yelkenle seyrederken sahip
oldugu seklin rekonstrilksiyonundan ¢ok islem
sirasinda ve sonrasinda egilip biikiilmesini dnlemeye
yogunlasmistir. Iyi korunmus gemi ahsaplari 400
y1l sonra bile oldukca ‘canli’ malzemelerdir. PEG-
emdirme sonrasinda omurgayi fiziki olarak ahsap bir
kizagin i¢ine sabitlerken stabil atmosferik bir ortamda
kurutmay1 sectik. Ozellikle biitiin bir agac kiitiigiinden
yapilan omurga gibi pargalar konservasyon sonrasinda
biikiilmeye devam etme egilimi gosterecektir. Ahsabi
sabitleme ¢cabamizin ne kadar basarili oldugunu ancak
ileride gorebilecegiz, ancak ayni zamanda sergide
daha fazla biikiilmesini da azaltmis olacagiz. Yerinde
yapilan belgelemeye dayanarak sergide ahsaplarin
(yeniden) yerlestirilecegi bir kizak yapilmistir.
Kizak “bulundugu sekliyle” olan durumu yeniden
olusturmaya yarar, ancak ayni1 zamanda bize ahsaplar1
tutturma firsati vererek malzemede istenmeyen
hareketlerin 6niine gegilmesini de saglar.

Barcode 6 batig1 biiyilk Norve¢ bankalarindan
DnB’nin bodrum katinda klima-kontrollii cam bir
vitrinde sergilenmektedir, Barcode 8 ise iklim kontrolii
saglanan yenilenmis bir miize binasinda sergilenecektir.
Bu durum batigin agik bir kizakta sergilenmesini olast
kilmakta ve ziyaretcilere sadece cam bir ¢itle gevrili
batiga yaklasma firsat1 sunmaktadir.

SONUC

Oslo buluntular1 biyiik bir ulusal degere sahiptir,
ancak ayn1 zamanda Kuzey Avrupa baglaminda tekne
ve kiigiik gemi yapiminin anlasilmast agisindan biiyiik
onem tagimaktadir. Donemin biiyiik gemi yapimi
konusundaki bilgilere belgeler ve resimlerde siklikla
rastlansa da, daha kiigiik boyutlardaki teknelerin — ad1
san1 olmayan gemilerin — yapimiyla ilgili neredeyse
hi¢ bilgi yoktur.?® Buluntular bilimsel, ekonomik ve
kiiltiirel gelismelerde hizli gecislerin yasanabildigi
Avrupa toplumlarinda bir degisim caginda denizcilik
teknolojisi konusunda egsiz Dbilgi saglamaktadir.
Denizcilik temaslar1 ve ticaretindeki artisin sonucu
olarak Norve¢ yapimi ticari gemi ve ylk gemilerinin
seklinin yani sira teknik ¢oziimlerinin ¢ogu Avrupa
gemi yapimindaki buluslardan esinlenmistir.

Yukarida yapilan agiklamalardan goriilecegi gibi, Oslo
buluntularinin konservasyonu, rekonstriiksiyonu ve
sergilenmesiyle ilgili giicliiklerin iistesinden gelmek
icin yaptigimiz se¢imlerin ¢ogu pratik uygulamalar
ile teorik bilgiler arasindaki diyalogun sonuglaridir.
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Since Barcode § is not going to be reconstructed to its
original shape, it is not considered necessary to freeze-
dry the parts in moulds to retain their original shape,
but only to preserve, as much as possible, the state
it was found in. The procedure is still quite similar.
As with the Barcode 6, we are presented with some
challenges connected to conserving the keel. Since the
Barcode 8 will be exhibited as a wreck, the challenges
are not so much focused on reconstructing the shape it
once had while sailing, but rather preventing it twisting
while under and after treatment. Well-preserved boat
timbers are very much a ‘live’ material, even after 400
years. After PEG-impregnation, we have chosen to dry
the keel in a stable, atmospheric environment, while
physically locked in a wooden cradle. Parts especially
like the keel, made from a whole timber log, will tend
to continue to twist after conservation. Only the future
will show how successful our attempt to stabilise the
timber is, but we will also mitigate further twisting in
the exhibition. Based on the on-site documentation,
a cradle is made to (re)situate the timbers in the
exhibition. The cradle works to reconstruct the ‘as
found’ situation, but at the same time gives us the
opportunity to latch the timbers, and thereby prevent
unwanted movements in the material.

While the Barcode 6 is exhibited in a climate-controlled
glass case in the basement of DnB, a major Norwegian
bank, Barcode 8 will be presented in a renovated
museum building, holding a controlled climate. This
makes it possible to present the boat in an open cradle,
and gives the audience an opportunity to come close to
the wreck, restricted only by a glass fence.

CONCLUSION

The Oslo finds have immense national value, but
are also of great importance for understanding the
building of boats and small ships in a Northern
European context. While information about the
construction of larger ships of the period can often be
found in documents and illustrations, there is little or
nothing in archives about the construction of vessels
of lesser size — the ships without names.”® The finds
represent a unique insight in maritime technology
in an era of change in the European societies, where
rapid transitions can be seen in scientific, economic
and cultural developments. As a result of the increase
in maritime contact and trade, many of the technical
solutions, as well as the shape of the Norwegian-built
traders and cargo ships, are inspired by inventions in
European ship building.
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Odiinler verilmistir ve bu makalede aciklanan dort
islem diizeyi hem bu kadar biiyiikliikteki malzemenin
korunmasina yonelik kisith kaynaklara hem de her
bir gemi buluntusunun bilimsel ve egitsel degerinin
nitelikli bir sekilde degerlendirilmesine dayali bir
yanittir. Her bir teknenin bastan sona dijital ortamda
belgelenmesi daha diisiik degerde oldugu diisiiniilen
materyalin bir kismini goz ardi edebilmemize olanak
saglamistir.

Norve¢  Denizcilik  Miizesi’'nin  Oslo  batik
buluntularinin belgelenmesi ve konservasyonuyla
ilgili yasadig1 en biiyiik giicliik, eldeki malzemenin
boyutu ve biyikligidir. Cesitli buluntularin
korunmasin1 tamamlamig ve farkli diizeylerde
konservasyon uygulamis olarak ahgaplari sabit hale
getirerek bilimsel degerlerini koruyabildigimize,
ayni zamanda Barcode 6 ve Barcode 8 drneklerinde
gortldiigii  gibi  bunlar1t  sergilenebilir  hale
getirebildigimize  inantyoruz. Bu  inanilmaz
Ronesans batiklari koleksiyonunun gelecegine iliskin
planlarimiz; disiplinler arasi arastirmalarin devami
icin fon saglamak ve ticari erken modern diinyanin
bir parcasi olarak Oslo’nun denizcilik tarihini daha
genis kitlelere tasimanin yeni yollarini olugturmaktir.
Yeni sergilerde daha fazla sayida batigin ve kazilarda
elde edilen buluntularin sergilenmesi bu hedefin
kesinlikle 6nemli bir parcasini olusturmaktadir.

TESEKKURLER

Proje gelistiricisi Oslo S Utvikling’e (OSU)
milkemmel CSR i¢in, The Savings Bank Foundation
DNB’ye Barcode 6 konservasyonu ve sergisine
verdigi destek i¢in tesekkiir ederiz.

TINA

As the above discussion shows, many of the choices
we make to meet the challenges concerning the
conservation, reconstruction, and exhibition of the
Oslo finds are results of a dialogue between practical
experience and theoretical knowledge. Compromises
are made, and the four levels of treatment described
in this paper are both a response to the limited
resources of preserving such huge material, and are
at the same time based on qualified evaluation of
each ship find’s scientific or educational value. The
thorough digital documentation of each boat part
makes us also able to discard some of the material
considered of lower value.

A major challenge for the Norwegian Maritime
Museum concerning the documentation and
conservation of the ship finds from Oslo is the size
and magnitude of the material. Having completed
several finds, and applying different levels of
conservation, we feel confident that we are able to
stabilise the timbers, keeping the scientific value
of them, but also making it possible to put them
on display, as shown by the examples of Barcode
6 and Barcode 8. Our plans for the future of this
incredible collection of renaissance shipwrecks is to
raise funding for further interdisciplinary research,
and development of new ways to bring the maritime
history of Oslo, as a part of the mercantile early
modern world, to a wider audience. Displaying
more shipwrecks and finds from the excavations in
new exhibitions are certainly part of this goal.
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GEMISININ KAZISI VE
KONSERVASYONU

EXCAVATION AND CONSERVATION
OF THE MA‘AGAN MIKHAEL SHIP






* Dr. Deborah Cvikel

Anahtar kelimeler: Polietilen glikol, kabuk-ilk, batik gemi, suya doymus ahsap
Keywords: Polyethylene glycol, shell-first, shipwreck, waterlogged wood

OZET

MO 400’¢ tarihlenen Ma’agan Mikhael gemisi, ilk
once zivanali gegmelerle kenardan kenara baglananarak
govde bicimini olusturan kaplamalar1 ile kabuk-ilk
tekniginde insa edilmis; daha sonra egriler ¢ift percinli
bakir givilerle olusturulan kabuga sabitlenmistir.
Arkeolojik buluntunun Onemi nedeniyle, kalintilar
tamamen kazilmis ve deniz tabanindan kaldirilmistir.
Geminin suya doymus ahsaplarinin konservasyonu
icin, suyun % 100 polietilen glikol (PEG 3350) ile yer
degistirmesi yontemi se¢ilmistir. Konservasyon iglemi
yedi yil siiren batigin ahsaplar1 gemi igin 6zel bir segi
salonunun insa edildigi Hayfa Universitesi’ndeki Hecht
Miizesi'ne taginmusti. Geminin govdesi kabuk-ilk
yontemi kullanilarak ti¢ yillik bir siire iginde yeniden
biraraya getirilmistir; bu uygulamalara ayrintili bir
dokiimantasyon ve arastirma stireci eslik etmistir. Gemi
2002’den beri Hecht Miizesi’nde halka agik bir sekilde
sergilenmektedir

GIRIS

Antik dénemden kalma bu batik 1985 yilinda israil’in
Ma‘agan Michael Kibbutz sahilinden yaklagik 70 m
uzaklikta, bolge iiyelerinden Ami Eshel tarafindan
kesfedilmistir. Yaklasik 1,5 m kalinliginda bir kum
tabakasi altinda 1,5 m derinlikteki sig suda kesfedilen
batigin bas tarafi kiyiya doniiktir. Buluntular ilk
incelendiginde geminin yaklasik 14 m uzunlugunda
eski bir ticaret gemisi oldugu anlasildi. Nispeten
yeni olan gemi, MO 5. yiizylln sonlarinda karaya
oturmustu. Kazi alaninda, proje bagkani merhum Dr.
Elisha Linder ile birlikte, Israil’den ve yurtdisindan
gelen deniz arkeologlarindan olusan bir ekip tarafindan,
1988 sonbaharinda (49 giin) ve 1989 ilkbahar ve
sonbaharinda (sirasiyla 52 ve 94 giin) olmak iizere iic
mevsim sualtt kazilart yapilmistir. Kazi ekibini Texas
A&M Universitesi’nden Jay Rosloff yonetmistir.!

1 KAHANOV 2011, 162.

ABSTRACT

The Ma‘agan Mikhael ship, dated to 400 BCE, was
built shell-first with the planks first connected edge-
to-edge by mortise-and-tenon joints to form the shell,
and then the frames were fastened to the installed
planking by double-clenched copper nails. Because of
the significance of the archaeological find, the remains
were completely excavated and retrieved from the
seabed. The ship’s timbers were waterlogged, and the
method chosen for conservation was by displacing
the water with 100% polyethylene glycol (PEG
3350). The conservation process lasted seven years,
and on its completion the timbers were moved to
the Hecht Museum at the University of Haifa, where
a special wing had been built for the ship. The hull
was reassembled over a period of three years using
the shell-first method, accompanied by a thorough
documentation and research process. The ship has been
on public display at the Hecht Museum since 2002.

INTRODUCTION

This ancient shipwreck was discovered in 1985
about 70 m from the shore of kibbutz Ma‘agan
Mikhael by a kibbutz member, Ami Eshel. It was
in shallow water at a depth of 1.5 m under a layer
of sand about 1.5 m thick, with its bow pointing
toward the shore. The initial examination of the
finds indicated that it was an ancient merchant ship,
about 14 m long. The ship, which was relatively
new, ran aground in the late 5th century BCE. Three
seasons of underwater excavations were carried out
at the site during Autumn 1988 (49 days) and Spring
and Autumn 1989 (52 and 94 days, respectively) by
a team of maritime archaeologists from Israel and
abroad, with the late Dr. Elisha Linder as project
head. Jay Rosloff of Texas A&M University led the
excavation team.'

1 KAHANOV 2011, 162.
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Fig. 1: Ma‘agan Mikhael batiginin plan goriiniimii (Grafik: J. Rosloff)
Fig. 1: Plan view of the Ma‘agan Mikhael ship (Diagram: J. Rosloff)

Ma‘agan Mikhael batig1 karinasinin (11,15 m uzunluk,
3,11 m genislik ve 1,5 m derinlik) tamamen korunmus
olmasinedeniyle benzersiz bir buluntudur. Gévdenin
giiniimiize kadar kalabilen kisimlar1 omurga, kontra
omurga ve merkezi kirig, 14 tam egrinin pargalari,
kaplama siralarindan bolimler (sancak tarafinda
12 ve iskele tarafinda 7), iskaga, basta ve kigta
pracollar ve ¢esitli ic—elemanlardan olusmaktadir
(Fig.1). Bu ahsaplar, meseden (Quercus spp.)
yapilmis olan zivana dilleri, pimler ve kontra
omurga disinda, Tiirk ¢camindandir (Pinus brutia).
Govde ve buluntularin tamami Dogu Akdeniz’e
Ozgli 13 agag tiirlinden yapilmistir.> Govde, sarap
kadehi bi¢imli bir kesite sahiptir ve kaplamalarin,
konik pimlerle kilitlenmis, yakin araliklt zivanali
gecmelerle kenar kenara baglanmis olmasindan
anlagildig1 tizere, “kabuk-ilk” yontemi ile insa
edilmistir. Ege ve Foca kontekstinde dogrulugu
kanitlanmig (6rnegin Jules-Verne 7 ve 9 gemileri)
Antik Yunan gemi insa gelenegine uygun bir sekilde,
kaplamalar bas ve ki¢ kisimlarda, omurga, pragol
ve bodoslama topuklarina dikilmistir. Kaplamalar
govdeyi olusturacak sekilde birlestirildikten sonra,
egriler yerlestirilmis ve ¢ift perginli bakir ¢ivilerle
sabitlenmistir.

2 KAHANOV 2003, 53-113; KAHANOV 2011, 162-163;
KAHANOYV - POMEY 2004, 6-13.

The Ma‘agan Mikhael shipwreck is unique, as
the bottom of the hull was completely preserved
(length of 11.15 m, width of 3.11 m and depth of
1.5 m). The parts of the hull which survived were
the keel, false keel and central stringer, parts of 14
full frames, sections of strakes — 12 on the starboard
side and 7 on the port side, the mast-step, knees in
the bow and stern and various internal components
(Fig.1). These timbers were Turkish pine (Pinus
brutia), except for tenons, pegs and the false keel,
which were oak (Quercus spp.). Altogether the hull
and the finds were made from 13 wood species
indigenous to the eastern Mediterranean.? The hull
had a wineglass-shaped cross-section, and was
built by the ‘shell-first’ method, meaning that the
strakes were connected edge-to-edge by closely
spaced mortise-and-tenon joints locked by tapered
pegs. The planks were sewn at the bow and stern to
the keel, knees, and endposts, which was a Greek
shipbuilding tradition, well attested in both Aegean
and Phocaean contexts, for example the Jules-Verne
7 and 9 vessels. After the planks were assembled to
form the hull, the frames were installed and fixed
with double-clenched copper nails.

2 KAHANOV 2003, 53-113; KAHANOV 2011, 162-163;
KAHANOYV - POMEY 2004, 6-13.
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Geminin yiikli, talag yatagma serili haldeki 12,5
ton bazalt ve mavi sist tagtydi. Mavi sistin kaynagi
Atina yakmlarindaki Euboea adasiydi; bazalt ise
Kibris’tandi.> Mese agacindan yapilmis benzersiz
tek kollu tipteki ¢apa pruvanin yaninda bulunmustur.
Palamar hala ¢apanimn iist kismindaki goze takiliydi
ve dipte de c¢apa memesine bir alt halat (capa
deniz tabanma takildiysa g¢ikarmak igin) baglydi.*
Buluntular arasinda yiyecek kalmtilari; miirettebatin
giinliik kullanimi i¢in oldugu anlagilan yaklasik 70
seramik tabak, kase, siirahi vb.; kemani matkaplar,
cetveller, bir gonye, ahsap ¢iviler ve kullanima hazir
zivana dilleri igeren bir marangoz aletleri sepeti; ¢esitli
bitki liflerinden degisik uzunluklarda birkag¢ ip; bir
kursun kiilge ve kozmetik amagli kullanildig1 anlagilan
dekoratif ahsap kutular vardi.® Gemi '“C analizi ve
seramik buluntularma gére yaklasik MO 400 yilina
tarihlendirilmistir.® Ahsabin kokeni Asia Minor’iin bati
kiyis1 olarak belirlenmistir’, toprak kaplarm kokeni
ise agirlikli olarak Kibris ve/veya Dogu Akdeniz’dir;
ancak bazi {triinler Kii¢iik Asya’nin Dogu Yunan
bolgesindendir.®  Buluntular, giivertedeki giinliik
yasamin bazi yonlerini yeniden olusturmayi miimkiin
kilmistir; ancak aletler ve esyalar bir yerden bir yere
almip satildig1 i¢in geminin kdkenini veya ugranilan
limanlar1 belirlemeye yardimci olamamistir.

Geminin konservasyon, aragtirma ve rekons-
triiksiyonu Leon Recanati Denizcilik Arastirmalart
Enstitiisii’'nden merhum Profesér Yaacov Kahanov
tarafindan yuriitiilmistiir. Leon Recanati Denizcilik
Arastirmalart  Enstitiisii bas danismani Pinhas
Peled, konservasyon projesinin sorumlulugunu
paylasmistir.

GOVDE KALINTILARININ KURTARILMASI

Arkeolojik buluntunun 6nemi nedeniyle, gdévde
tamamen kazildiktan ve tiim buluntular ve igerikleri
yerinden kaldirildiktan sonra, karada aragtirma
calismalarima baglanmistir. Her bir elemanin
tam yerini tanimlayabilmek ve rekonstriiksiyona
olanak saglayabilmek amaciyla, gévde su altinda
sOkiilmeden Once, tiim ahsaplar etiketlenmistir.
Kaldirilmadan 6nce, ahsaplara Dymo bant
etiketleri enjeksiyon igneleri ile tutturulmustur.
Herbir eleman, govde krokisi iizerine ayni anda
kaydedilerek c¢esitli yerlerinden etiketlenmistir.

3 ROSLOFF 2003.

4 ROSLOFF 2003.

5 KAHANOV 2011, 163.

6 ARTZY —LYON 2003, 197.

7 HILLMAN — LIPHSCHITZ 2004, 152-153.
8 ARTZY — LYON 2003.
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The ship carried 12.5 tons of stone, mostly blue
schist with some gabbro (basalt), laid on a bed of
dunnage. The source of the blue schist was the island
of Euboea, near Athens, and the gabbro was from
Cyprus.’ A unique single-arm type of anchor made
from oak was found near the bow. The hawser was
still attached to the eye of the anchor at its top, and a
trip rope (to free the anchor if trapped on the seabed)
was attached to the crown at the bottom.* Among the
finds were food remains; about 70 pottery items:
plates, bowls, jugs, etc, apparently for everyday use
by the crew; a basket of carpenter’s tools, which
included bow drills, rulers and a square, wooden
nails and ready-to-use tenons; several sizes of ropes
of various plant fibres; a lead ingot; and decorative
wooden boxes apparently used for cosmetics.® The
ship was dated to about 400 BCE by C analysis and
the ceramic finds.® The origin of the timber has been
identified as the western coast of Asia Minor,” while
the origin of the pottery vessels was mainly Cyprus
and/or the Levant, although some items were East
Greek from Asia Minor.® The finds made it possible
to reconstruct some facets of daily life on board, but
could not assist in identifying the origin of the ship
or her ports-of-call, since tools and objects were
traded from place to place.

The late Professor Yaacov Kahanov of the Leon
Recanati Institute for Maritime Studies directed the
conservation, research and reconstruction of the
ship. Pinhas Peled, chief conservator of the Leon
Recanati Institute for Maritime Studies, shared the
responsibility for the conservation project.

RETRIEVING THE HULL REMAINS

Because of the significance of the archaeological
find, after the hull was completely excavated and all
of its finds and contents removed, it was retrieved
for research on land. All timbers were marked
before dismantling the hull under water to enable
the reconstruction and identification of the precise
location of each component. Dymo tape tags were
attached to the timbers with hypodermic needles
prior to recovery. Each component was tagged at
several points, with parallel recording of each point
on a sketch of the hull. Both the Dymo tapes and
the needles survived the sea conditions, the removal
of salts from the wood with tap water prior to

3 SHIMRON — AVIGAD 2003.

4 ROSLOFF 2003.

5 KAHANOV 2011, 163.

6 ARTZY — LYON 2003, 197.

7 HILLMAN — LIPHSCHITZ 2004, 152-153.
8 ARTZY — LYON 2003.



Hem Dymo bantlar1 hem de igneler deniz kosullari,
konservasyon isleminden oOnce tuzlarin musluk
suyuyla ahsaptan atilmasi ve tiim konservasyon
islemi siireci boyunca dayananarak geminin yeniden
monte edilmesini miimkiin kilmistir.’

Ahsaplarin sokiilme sirasi, insa edilirken izlenen
siranin hemen hemen tam tersiydi: kigtan basa
dogru dnce punteller, merkezi kiris, direk 1skacasi
ve kaburgalar c¢ikarilmigtir. Zivanalari kesmek
icin keskin masa bigaklari kullanilarak gdvde
kaplamalar1  ayrilmisti.  Borda  kaplamalart
yaklagik 1.8 m wuzunlugunda pargalar olacak
sekilde kesilerek konservasyon siirecinin sonuna
kadar saklandiklar1 plastik tepsilere alinmistir.
Ahsaplar kiyidaki tath su tanklarina daldirilmadan
once sadece birka¢ dakika havaya maruz kalmis,
oradan da Hayfa Universitesi’ndeki Leon Recanati
Deniz Arastirmalart Enstitiisii’niin konservasyon
laboratuvarina transfer edilmistir. En biiyiik parca
olan 8.26 m uzunlugundaki omurga, nakliyesi ve
konservasyonu i¢in tasarlanmig 10 m uzunlugunda
paslanmaz celik bir kapta tek par¢a halinde denizden
cikartlmustir (Fig. 2).1°

. T

Fig. 2: Omurganin kurtarilmasi. (Foto: D. Syon)
Fig. 2: Retrieval of the keel (Photo: D. Syon)

9 KAHANOV 2011, 164.
10 KAHANOV 1997, 317-318; KAHANOV 2004, 195.
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conservation and the entire conservation treatment
process, and made reassembly of the ship remains
possible.’

The order in which the timbers were dismantled
was, more or less, the reverse of the construction
sequence: the stanchions, central stringer, mast-
step and frames were retrieved first, from stern to
bow. Sharp table knifes were used to cut the tenons
so that hull planks could be separated. The hull
planks were sawn into approximately 1.8 m long
sections and carried out in plastic trays, in which
they were held until the end of the conservation
process. The timbers were exposed to the air for
only a few minutes before they were immersed in
tanks of fresh water on shore, and then transferred
to the conservation laboratory of the Leon Recanati
Institute for Maritime Studies at the University of
Haifa. The largest component — the 8.26 m long
keel, was removed from the sea in one piece in a
10 m long stainless steel container designed for its
transportation and conservation (Fig. 2).'°

kg

-

9 KAHANOV 2011, 164.
10 KAHANOV 1997, 317-318; KAHANOV 2004, 195.
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KONSERVASYON SURECI

Ahsaplarin durumu iyi goriiniiyordu; sar1 renkte, hatta
denizden ¢ikarildiginda regine kokuyordu. Asinma veya
biyolojik gelisim gozlemlenmemis olup, sadece govde
kalmtilarinin en iist kisimlarinda sinirli Teredo navalis
saldiris1 goriilmiistiir. Bununla birlikte, ahsaplar suya
doymustu, yani ahsabi ciirlimiis ve ahsap hiicrelerindeki
bosluklar tamamen deniz suyuyla dolmustu. Ahsap ayrica
bir miktar bakteriyel bozunmaya ugramis;'! tamamen suya
batirilmadigr siirece, kendi agirligi altinda ¢cokme egilimi
gosterecek derecede yumusak ve kirilgandi. Ahsaplarin
nem igerigi % 709’a kadar ¢ikmisti; bu da onlar1 son
derece kirtlgan hale getirmisti; bu nedenle her agamada
cok dikkatli bir sekilde taginmalar1 gerekiyordu.'

Govde ahsaplar temizlenerek kalinliklarma gore iki gruba
ayrilmstir: (1) govde kaplamalari (maksimum kalilik 5
cm) ve (2) daha kalin olanlar (egriler, bodoslama topugu,
paracollar vb.). Bunlar ayri konservasyon tanklarina
yerlestirilmistir. Miimkiin oldugunda, pargalarin her
birinin her tarafi, konturlar, boyutlar, ¢ivi kalintilari,
dikis delikleri, vb. gibi ana ozellikleriyle kaydedilmistir.
Konservasyon isleminin ilk asamasi ahsabin tuzdan
arindimlmastydi. Iki yil boyunca, tanklardaki suyun
yaklasik % 25’1, her iki haftada bir alttaki daha tuzlu su
katmanlar1 bosaltilarak ve tanklar temiz musluk suyu
ile doldurularak degistirilmistir. Tanklar birka¢ kez
bosaltilmis; ahsap ve tanklar su yeniden doldurulmadan
once yikanmgtir.'”’ Tuzdan arindirma islemi sirasinda
alinan oOlciimler, kabul edilebilir seviyede (100 ppm)
kloriiriin yedi kez degistirildikten sonra elde edildigini
ortaya koymustur.'

Polietilen glikol (PEG) ile konservasyon islemine 25
Aralik 1991 tarihinde baslanmistir. Ahsaplar ilk once
diisiik molekiiler agirlikli sivi PEG 400 ile, daha sonra
daha yiiksek molekiil agirlikli PEG 3350 ile emdirilecek
sekilde iki asamal1 bir konservasyon iglemi segilmistir.'
Islem, suda ¢bziinen reginenin bozulmus ahsap
hiicrelerdeki suyun yerini almasini saglayarak ahsabin
kurutma sirasinda gekmesini, catlamasini ve biikiilmesini
onleyecek ve deniz ortaminda goémiilli olduklar
yiizyillar boyunca kaybettikleri giiciin bir kismini geri
kazandiracak sekilde tasarlanmisti. ~ Bu yOntemin
ana dezavantaji, ahsabin nihai agirligt ve renginin
koyulagmasidir. Daha sonra, ¢ikarma sirasinda fazlalik
olan PEG’i katilagmadan 6nce silmenin konservasyonu
yapilan ahgabin rengini diizelttigi, sonraki bir asamada
suyla nemlendirilmis bir siingerle silmenin rengi daha da
agabilecegi anlagilmigtir.'®

11 GRATTAN 1987, 55.

12 KAHANOV 1997, 317, 329; KAHANOV 2011, 165.
13 KAHANOV 2004, 198.

14 KAHANOV 2011, 165.

15 HOFFMANN 1986.

16 KAHANOV 2004, 199.
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THE CONSERVATION PROCESS

The timbers appeared to be in good condition — the
wood was yellow coloured and even smelled of resin
when retrieved from the sea, without wear or biological
growth, and only limited 7eredo attack was evident in
the uppermost parts of the hull remains. However, the
timbers were waterlogged, meaning that the wood had
decayed and any void spaces within the wood cells
were totally filled with sea water. The wood had also
suffered some bacterial degradation;!! it was very soft
and fragile, to the extent that it was liable to collapse
under its own weight unless kept completely immersed
in water. The moisture content of the timbers was up
to 709%, making them extremely fragile; hence they
required very careful handling at all stages.'?

Hull timbers were cleaned, sorted by thickness into two
groups: (1) hull planks (maximum thickness 5 cm) and
(2) thicker timbers (frames, endposts, knees etc.), and
placed into separate conservation tanks. Where possible,
all sides of each timber were recorded for their main
features: contours, dimensions, nail remains, sewing
holes, etc. The first stage of the conservation process
was desalination of the wood. For two years about
25% of the water in the tanks was replaced every two
weeks by draining the lower layers of saltier water and
refilling the tanks with fresh tap water. The tanks were
emptied several times, and the wood and the tanks were
washed before refilling with water.> Measurements
taken during the desalination process indicated that an
acceptable level (100 ppm) of chlorides was achieved
after seven replacements.'

The polyethylene glycol (PEG) conservation process
began on December 25, 1991. A two-stage conservation
treatment was chosen: first the timbers would be
impregnated with low molecular weight liquid PEG
400, introducing the heavier PEG 3350 later.”® The
treatment was designed to completely displace the water
in the degraded wood cells with this water soluble wax
and thus prevent shrinkage, cracking and warping of
the timbers on drying, and restore some of the strength
they had lost over the centuries buried in the marine
environment. The main disadvantage of this method is
the final weight and dark colouring of the wood. It was
later found that wiping off the excess PEG at the time
of extraction, before it solidifies, improves the colour
of conserved wood, and that wiping it at a later stage
with a sponge dampened with water can further lighten
the colour.'®

11 GRATTAN 1987, 55.

12 KAHANOV 1997, 317, 329; KAHANOV 2011, 165.
13 KAHANOV 2004, 198.

14 KAHANOV 2011, 165.

15 HOFFMANN 1986.

16 KAHANOV 2004, 199.



En biiylik gemi elemanini olusturan omurga iki
yil boyunca tuzdan arindirilmig, ardindan iki
asamali konservasyon siirecinde 4.5 yil siireyle
PEG emdirme uygulanmustir. ilk asamada, ahsaplar
20°C sicaklikta PEG 400 ile emdirilmistir. Al ay
sonra PEG konsantrasyonu % 25’e (w/v) ulasarak
sicaklik 40°C’a yiikseltilmistir. Omurganin PEG
400 kullanilarak konservasyonu % 45 (w/v)
konsantrasyona kadar alt1 ay daha devam etmistir.
Yaklasik 3.5 yil siiren ikinci asamada ise PEG 3350
ile emdirme devam etmistir. Baslangicta % 5 (w/v)
PEG 3350, ardindan %100 (w/v) bir konsantrasyona
ulagincaya kadar haftada % 2’lik (w/v) bir oran
verilmistir.'” 20 Haziran 1996 tarihinde omurganin
konservasyon islemi tamamlanmuistir.

Diger tiim ahsaplara, islemin basinda % 5 (w/v) PEG
400 uygulanmugtir. Tanklara ilk y1l boyunca haftada
% 1 (w/v) oraninda s1vi PEG 400 ilave edilmistir.
Cozeltinin baglangic sicakligi ortam sicakligi,
yaklasik 20 °C olmustur. PEG 400 konsantrasyonu
% 60’a (w/v) ulastiginda, kati toz halindeki PEG
3350, konsantrasyon % 100’e (w/v) ulasana kadar
haftada % 2 (w/v) oraninda cuvallardan tanklara
dogrudan ilave edilmistir.'"® PEG’nin su igerisindeki
konsantrasyonu, arindirma islemi boyunca siirekli
olarak Ol¢lilmiistiir. Govde kaplamalarinda emdirme
islemi 2.5 yil, daha kalin ahsaplarin konservasyonu
ise 3.5 yil stirmiistir.

Konservasyon islemi boyunca sicaklik, tank
direnci gibi c¢esitli ozelliklere goére maksimum
70 ° C ile sinirh tutulmustur. Tanklar neredeyse
agzima kadar dolu oldugundan, kati PEG
eklemek icin ¢dzelti seviyesinin buharlastirma ile
diisiirtilmesi zorunlulugu ortaya ¢ikmustir. Gerekli
buharlasma, sicakligin 60° C’ye yiikseltilmesi ve
tank kapaklarinin 24 saat boyunca g¢ikarilmasiyla
gerceklestirilmistir. Sicakligr etkileyen bir diger
faktdr, tanklarda su bulaniklastiginda gozlemlenen
mikroorganizmalarin ~ varhigiydi. Bu nedenle
cozeltinin sicaklign  40°C’ye c¢ikarilarak tank
kapaklar1 da 24 saat boyunca agik tutulmustur. Sonug
olarak, PEG ¢0zeltisi berraklagmistir. % 100 (w/v)
PEG 3350 ¢ozeltisi 60 © C’de katilagir, dolayisiyla
sicaklik kontrolii kritiktir. Bu nedenle, ayrismasim
veya plastik kapli tanklarin fiziksel olarak ¢cokmesini
onlemek i¢in % 100 (w/v) PEG 3350 ¢ozeltisi i¢in
sicaklik 62°C ile siirlandirilmistir.

17 KAHANOV 1997, 320; KAHANOV 2004, 199-200.

18 KAHANOV 1997, 320-321; KAHANOV 2004, 199.

19 KAHANOV 1997, 320-321; KAHANOYV 2004, 199-200;
KAHANOV 2011, 165.
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The keel, the largest timber, was desalinated for two
years, followed by 4.5 years of PEG impregnation
in a two-stage conservation process. The first stage
involved impregnating the timbers with PEG 400
at a temperature of 20°C. After six months the
PEG concentration reached 25% (w/v), and the
temperature was raised to 40°C. Conservation of
the keel using PEG 400 continued for an additional
six months, up to a concentration of 45% (W/v).
The second stage, which took about 3.5 years, was
impregnation with PEG 3350. An initial amount of
5% (w/v) PEG 3350 was introduced, followed by
a weekly rate of 2% (w/v) up to a concentration of
100% (w/v)."” On 20 June 1996, conservation of the
keel reached completion.

For all other timbers, an amount of 5% (w/v) PEG 400
was introduced at the beginning of the process. Liquid
PEG 400 was added to the tanks at a rate of 1% (w/v)
per week over the first year. The initial temperature of
the solution was ambient, about 20°C. Once the PEG
400 concentration reached 60% (w/v), dry PEG 3350
powder was added to the tanks directly from sacks
at a weekly rate of 2% (w/v) until the concentration
reached 100% (w/v).!* The PEG concentration in the
water was continuously measured over the course of
the treatment. Hull planks were impregnated for 2.5
years, while the conservation of the thicker timbers
took 3.5 years.

Throughout the conservation process the temperature
was adjusted according to various considerations
such as the tank resistance, which was limited to a
maximum of 70°C. Since the tanks were full almost
to the brim, the solution level had to be decreased
by evaporation in order to add the solid PEG. The
necessary evaporation was achieved by raising the
temperature to 60°C and removing the tank covers
for 24 hours. Another factor affecting the temperature
was the presence of microorganisms in the tanks,
which was observed once the water became murky.
Hence the temperature of the solution was raised
to 40°C and the tank covers were removed for 24
hours. As a result, the PEG solution became clear.
A 100% (w/v) PEG 3350 solution solidifies at 60°C,
so temperature control was critical. Therefore,
temperature was limited to 62°C for a 100% (W/v)
PEG 3350 solution to prevent its decomposition, or
the physical collapse of the plastic-coated tanks."

17 KAHANOV 1997, 320; KAHANOYV 2004, 199-200.
18 KAHANOV 1997, 320-321; KAHANOV 2004, 199.
19 KAHANOV 1997, 320-321; KAHANOV 2004, 199-200;
KAHANOV 2011, 165.
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Emdirme isleminin ilerlemesi, haftalik araliklarla
gerceklestirilen birka¢ basit laboratuvar prosediirii
ile izlenmistir. Bu prosediirler, c¢ozeltideki PEG
konsantrasyonunun hesaplanmasi; sivinin azaldigy,
yani buharlagmanin durdugu kesin seviyenin kontrol
edilmesi; ¢ozeltiye daha fazla PEG ilave edilip
edilmedigine bakilmaksizin 62 ° C’de 1.095 g /
cm® sabit bir deger veren ¢ozeltinin yogunlugunun
Olglilmesi; ve c¢ozeltinin ince bir tabakasinin
aliminyum bir kaliba dokiilerek miize ¢evre kosullar
altinda birkag hafta sonra agirlik kaybinin dl¢iilmesini
iceriyordu. % 0.65’lik cok tatminkar bir ortalama
agirlik kaybi bulunmustur.®® Ahsaplar % 94 ile %
99 arasinda olciilen tipik bir emdirme kalitesi ile iyi
konservasyon sonuglari ortaya koymustur.!

Bu Olglimlerle iyi bir emilim saglandig
dogrulandiginda ahsaplar tanklardan ¢ikarilmistir.
Ahsaplarin konservasyon tanklarindan hasar gérmeden
¢ikarilmasinda destek tablalar1 ve tablalarin hassas bir
sekilde tasinmasi i¢in 6zel olarak tasarlanmis bir ving
kullanilmistir (Fig. 3). PEG’in fazlasi, sicak (70° C) suya
batirilmis siingerler kullanilarak silinmistir. Ahsaplarin
tepsiye veya desteklerine yapigmasini dnlemek igin ¢ok
uzun siire tek bir konumda kalmasina izin verilmemistir.
Kaburgalarin her biri birka¢ saat boyunca, bazi
durumlarda gece boyunca kurumaya ve sertlesmeye
birakilmigtir. Bu siireden sonra, ahsaplar sicakligin
30°C, bagil nemin ise % 70 oldugu iklim kontrollii
bir odaya taginmustir. Yaklasik bir ay sonra, kosullar
22°C’ye ve ortalama nem oranit % 55’¢ ayarlanmustir;
bunlar ahsaplarin sergilendigi miize ortamindaki
degerlere yakindir.> Konservasyon siirecinin ne
zaman durdurulacagi ve ahsabin ne zaman gikarilip
20 KAHANOV 1997, 322; KAHANOV 2004, 200-201.

21 KAHANOYV 2004, 205.
22 KAHANOV 1997, 323; KAHANOV 2004, 201.
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Fig. 3: Y. Kahanov ve
P. Peled konservasyon
sonrasinda bir ahgabi
cikarirken. (Foto: N.
Kashtan)

Fig. 3: Y. Kahanov and
P. Peled retrieving a
timber after conservation.
(Photo: N. Kashtan)

The progress of impregnation was monitored by several
simple laboratory procedures which were carried out at
weekly intervals. These procedures comprised calculating
the PEG concentration in the solution; checking the exact
level at which the fluid ceased to decrease, meaning
evaporation had stopped; measuring the density of the
solution, which gave a constant value of 1.095 g/cm® at
62°C, regardless of whether or not more PEG was added
to the solution; and pouring a thin layer of the solution
into an aluminum form and measuring weight loss after
a few weeks, under museum environmental conditions.
A very satisfactory average weight loss of 0.65% was
found.? The timbers presented good conservation results
with a typical measured impregnation quality of between
94% and 99%.?'

As soon as these measurements confirmed that the
timbers had been well impregnated, they were removed
from the tanks. Support trays and a winch specifically
designed for precise handling of the trays were used to
remove the timbers from the conservation tanks without
causing damage (Fig. 3). Excess PEG was wiped off
using sponges soaked in hot (70° C) water. The timbers
could not be allowed to remain in any one position for
too long to prevent adherence to the tray or its supports.
Each timber was allowed to dry and harden on its tray
for a few hours, and in some cases overnight. After this
time, the timbers were moved to a climate-controlled
room where the temperature was kept at 30°C and 70%
relative humidity. After about one month, the conditions
were reset to 22°C and average humidity of 55%, which
was similar to the museum environment where the
timbers would be displayed.? The decision when to stop
the conservation process, and remove and dry the wood,
20 KAHANOV 1997, 322; KAHANOV 2004, 200-201.

21 KAHANOV 2004, 205.
22 KAHANOV 1997, 323; KAHANOV 2004, 201.



kurutulacag1 karar kritikti; ¢linkii PEG zamanla oda
sicakliginda neredeyse katilasan daha diisiik molekiiler
agirlikli bir malzemeye doniisecek sekilde hizla
depolimerize olabilir. Ayrica, konservasyon sistemi
beklenmedik bir sekilde arizalanmistir (hasara neden
olmadan), bu nedenle finansal yonii de 6nemliydi.?
Teknenin ¢am bilesenleri basariyla emdirilmistir.
Cekmenin izlenmesi, iglemin tamamlanmasindan
birkag ay sonra ortalama % 2.8 hacimde biiziilme
olustugunu ve asla % 4.9°dan biiyiik olmadigini ortaya
koymustur. Olgiimlere devam edilmis, konservasyon
isleminin tamamlanmasindan 12 ay sonra saptanan
ek bir ¢ekme olmamistir.** Bununla birlikte, mese
bilesenlerinde farkli sekilde, yer yer kotii bir tepki
izlenmistir, bu 6rneklerden en kotiisii kontra omurganin
tamamen ¢okmesi olmustur.

GOVDENIN YENIDEN MONTAJI
Teknenin yeniden montaji, koruma tedavisinin
tamamlanmasindan kisa bir slire sonra, gemi

icin Ozel bir sergi salonunun insa edildigi Hayfa
Universitesi’ndeki Hecht Miizesi’nde 1999 yilinda
baglamistir. Montaj sirasinda iki ana yol gosterici ilke,
arkeolojik dogruluk ve arastirmaya erisilebilirlikti:
kabul edilebilir maksimum hata 1 cm idi ve govde
egrileri gelecekte daha ayrintili aragtirmaya miisait
olacak sekilde ¢ikarilabilir durumda olacakti. J.
Richard Steffy’nin 06zdeyisi olan “gemi sizinle
konusacak” diistincesinden yola ¢ikilmis, bu diigiince
benimsenmisti (Fig. 4).

23 KAHANOV 2011, 165-166.
24 KAHANOV 1997, 324-325; KAHANOV 2004, 202.
25 VOTRUBA 2004, 211.
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was critical, as PEG can rapidly depolymerise over
time to a lower molecular weight material that barely
solidifies at room temperature. In addition, unexpected
malfunctioning of the conservation system occurred
(without causing damage), and the financial aspect was
also important.?

The pine components of the hull were successfully
impregnated. Shrinkage monitoring showed that an
average 2.8% volume shrinkage had occurred a few
months after the completion of the treatment, and
never more than 4.9%. No additional shrinkage could
be measured 12 months after the finalisation of the
conservation process.’* However, the oak components
reacted differently, sometimes poorly, with the worst
example being the complete collapse of the false keel.

REASSEMBLY OF THE HULL

The reassembly of the hull started in 1999, shortly
after completion of the conservation treatment, at the
Hecht Museum at the University of Haifa, where a
special wing had been built for the ship. Archaeological
accuracy and research accessibility were the two main
guiding principles of the reassembly: the maximum
acceptable error was 1 cm, and the hull timbers were
to be removable in order to be available for further
research in the future. The ideology was J. Richard
Steffy’s saying — ‘the ship will speak to you’ (Fig. 4).°

Fig. 4: J. R. Stefty ve Y.
Kahanov dikis sisteminin
rekonstriiksiyonunu
incelerken.

(Foto: E. Linder)

Fig. 4: J. R. Stefty and
Y. Kahanov examine
the reconstruction of the
sewing system.

(Photo: E. Linder)

23 KAHANOV 2011, 165-166.

24 KAHANOV 1997, 324-325; KAHANOV 2004, 202.
25 VOTRUBA 2004, 211.
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Fig. 5: N. Goltsev geminin ahsaplarini ¢izerken. Omurga o sirada yapi iskelesinin tizerindeki yerinde durmaktadir.
(Foto: Y. Kahanov)
Fig. 5: N. Goltsev drawing a ship timber. The keel is already in place on the scaffold. (Photo: Y. Kahanov)

Ug yillik yeniden montaj sirasinda, ahsaplar, agac
damarlar1, budaklar, konik pimler ve ¢iviler diizeyinde
ayrintili bir sekilde belgelenerek kaydedilmistir
(Fig. 5). Tiim ahsaplar suya doymus, dolayisiyla ¢ok
yumusak ve kirilgan oldugundan, islemden once
sadece c¢ok azi ayrintili olarak belgelenmistir. Bu
nedenle, dokiimantasyon islemlerinin konservasyon
sonrasinda yapilmasi ahsaplara verilebilecek biiyiik
zararlar1 6nlenmistir. Tiim veriler konservasyondan
once tutulan kayitlarla karsilastirilarak tutarliligi
dogrulanmigtir.?®

Govde kaplamalan diger parcalara uyacak sekilde
ayarlanarak gemi kabuk-ilk ydntemle yeniden
monte edilmistir (Fig. 6). Ozellikle egri sistemi
govdenin orjinal sekline iliskin en dogru bilgiyi
saglamigti. Eleman eslestirme, egri-kaplama
¢ivilerinin konumlari, zivana yuvalari, zivana
dilleri ve pimler, dikis delikleri, asoz yerlesimleri ve
digerleri, ahsaplarin tam konumlarini netlestirerek
montajin dogrulugunu kesinlestirmistir. Omurga ve
bodoslama topuklar ilk 6nce gegici ayarlanabilir
iskele lizerine yerlestirilerek, sonra burma kaplamasi
ve ardindan gelen kaplamalar yerlestirilmistir.
Kontra omurga, yeniden birlestirilmis gemiyi
destekleyemeyecek kadar zayif kabul edilerek,
kontra omurganin kalinligina karsilik gelen ara
parcalart olan uzunlamasina bir ahsap monte
edilmistir. Gévde kaplamalar1 distan uzunlamasina
ahsap citalarla desteklenmistir. Citalar ayarlanabilir

26 KAHANOV 2011, 164.
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During the three years of reassembly, the timbers were
thoroughly documented and recorded in detail, down
to the level of tree grain, knots, tapered pegs and nails
(Fig. 5). Since all timbers were waterlogged and very
soft and fragile, only very few could be recorded in
detail before treatment. Therefore, post-conservation
recording prevented considerable damage to the
timbers. All data were compared to pre-conservation
recording and were found to be consistent.*

The ship was reassembled shell-first; the hull
planks being adjusted to conform to other features
(Fig. 6). In particular, the frames provided accurate
information regarding the original shape of the hull.
Component matching and locations of frame-plank
nails, mortises, tenons and pegs, sewing holes, rabbet
settings and so forth, ensured the exact locations of
timbers and the precision of the reassembly. The
keel and endposts were placed first on temporary
adjustable scaffolding, followed by the garboard and
subsequent strakes. The false keel was considered too
weak to support the reassembled ship, and therefore a
longitudinal timber with spacers corresponding to the
thickness of the false keel, was installed. Longitudinal
wooden battens supported the outside of the hull
planking. The battens were connected to transverse
supports by adjustable slides. The supports, made
of medium-density fibreboard (MDF), followed the
original shape of the frames, but about 15 cm outside
the hull.

26 KAHANOV 2011, 164.



Fig. 6: Govde kaplamalariin kurulumunda Gi¢lincii sancak kaplama sirasinin diizenlenmesi. (Foto: E. Linder)
Fig. 6: Installing the hull planks composing the third starboard strake. (Photo: E. Linder)

siirgiilerle enine desteklere baglanmistir. Orta
yogunlukta lif levhadan (MDF) yapilan destekler
egrilerin orijinal seklini izlemistir; ancak govdenin
yaklasik 15 cm disindadir. Genellikle her kaplamada
bir tane olan c¢italar, bastan kica kadar gdévde
hatlarin1 takip etmistir. Konservasyonu yapilmig
ahsabmn artan agirligini, azalan dayanimimi ve
simdi islevsiz kalan zivanali birlestirmelerini telafi
ederek, govde kaplamalar1 ve daha sonra monte
edilen i¢ bilesenlere destek saglamislardir (Fig.
7). Govde kaplamalar1 birbirine sabitlenmemistir;
ist kaplamalar agirlikli olarak alttaki kaplamalar
iizerinde desteklenmistir. Egri sistemi kaplama
tizerine, diger i¢ bilesenler de egri sistemine ve
omurgaya yaslanmistir.?’

Kazi, kurtarma ve konservasyon siiregleri
sirasinda, esas olarak basta ve kigta bulunan
govde kaplamalarinin bazilari, orijinal ii¢ boyutlu
sekillerini kaybetmistir. Bu ahsaplar 24 ila 48 saat
siireyle PEG 4000 emdirme tanklarinda 62 ° C’ye
kadar yeniden isitilarak yumusatilmis ve yeniden
sekillendirilmistir.

27 KAHANOV 2011, 166; VOTRUBA 2004.

The battens, usually one per strake, followed the lines
of the hull from stem to sternpost. They provided
support for the hull planks, compensating for the lack
of strength and increased weight of the conserved
wood, and the now dysfunctional mortise-and-tenon
joints, as well as for the internal components which
were installed later (Fig. 7). The hull planks were
not fastened to each other; the upper planking being
supported mainly on the planking below. Frames
rested on the planking, and other internal components
on the frames and keel.”

During the excavation, retrieval, and conservation
processes, some of the hull planks, mainly in the bow
and stern, lost their original artificially-bent three-
dimensional shape. These timbers were softened by
re-heating to 62°C in PEG 4000 for 24 to 48 hours
and re-shaped. In order to reshape the planks, moulds
made of plywood sheathed with polyethylene on the
outside were constructed on the scaffold over the bow
and the stern areas.

27 KAHANOV 2011, 166; VOTRUBA 2004.
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Kaplamalar1 yeniden sekillendirmek igin, dista
polietilen ile kaplanmis kontrplaktan yapilmis
kaliplar, bas ve ki¢ alanlar iizerinde iskele iizerine
insa edilmistir. Kalibin sekli mevcut egri sisteminin
sekline gore yapilmis, mevcut govde kaplamalarina
uyacak sekilde diizgiin devam etmistir. Sicak
ahsabin PEG’den c¢ikarildiktan sonra 15 dakika
icinde kaliba takilmasi gerekiyordu; bu da yiiksek
seviyede bir hassasiyet gerektirmistir. Diizglin bir
sekilde yerlestirildikten, baglandiktan ve stabilize
edildikten sonra, ahsabin 24 saat sogumasina ve
katilagsmasina izin verilmistir. Yeniden 1sitma
sadece ahsabi esnek hale getirmekle kalmamis, ayni
zamanda zivana ve ahsap ¢ivi gibi ¢esitli bilesenleri
serbest birakmustir; boylece analiz igin giivenli bir
sekilde ¢ikarilmalarini saglamigtir.?®

28 KAHANOV 2011, 166-167; VOTRUBA 2004, 214-217.

The form of the mould was based on the shape of the
extant frame, with a smooth continuation to match
existing strakes. The hot timber had to be fitted to
the mould within 15 minutes after its removal from
the PEG, which demanded a high level of precision.
After it was properly located, fitted and stabilized, the
timber was allowed to cool and solidify for 24 hours.
Reheating not only made the timber flexible, but also
freed various components such as tenons and pegs,
allowing them to be safely removed for analysis.?

28 KAHANOV 2011, 166-167; VOTRUBA 2004, 214-217.
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Batik 2002 yilindan beri miizede halka agik
bir sekilde sergilenmektedir. 2006  yilinda
yukli bir bagis temin edildikten sonra geminin
sergilenmesinde kullanilmak {izere yeni ve kalici
bir metal destek konstriikksiyon imal edilmistir.
Ana hatlarinin ziyaretcilere orijinal geminin sekli
hakkinda bir fikir vermesini saglamak igin orijinal
egri sistemini devam ettiren, sadece 7 cm disarda
olan ince ¢elik kaburgalar monte edilmistir. Kontra
omurganin yerini her iki yani mese agacindan
ahsapla monte edilmis celik I-kiris almistir. Metal
kaburgalara yerlestirilen ayarlanabilir vidali madeni
destekler ve boyuna celik ¢ubuklar kullanilarak
govde plakalar1 desteklenmistir (Fig. 8). Celik
c¢ubuklarin T seklinde bir kesiti vardir ve 3 cm
genisligindedir. Metal ve kereste arasindaki temas
etilen-propilen dien monomer kauguktan (EPDM)
imal edilen ara parcalar kullanilarak 6nlenmistir.
Bitisik bilesenler arasindaki goreceli ayarlamalar
sonucunda ii¢ boyuttaki maksimum uyumsuzluk
1 cm’in altinda kalmistir; bu da in situ olarak
kaydedilen orijinal geminin marangozlugunun
dogruluguyla uyumludur.”

|

29 KAHANOV 2011, 167.
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The ship has been on public display at the Museum
since 2002. In 2006, following a generous donation,
a new permanent metal support frame was built to
display the ship. Thin steel frames that followed
the shape of the original frames, now only 7 cm
outside the extant timbers, were installed, and their
outline provides visitors with an idea of the shape
of the original ship. A steel I-beam with new oak
timber attached on both sides replaced the false keel.
Adjustable screwed metal struts set on the metal
frames and longitudinal steel battens support the hull
planks (Fig. 8). The steel battens have a T-shaped
cross-section and are 3 cm wide. Contact between
the metal and the timbers was prevented by using
ethylene-propylene diene monomer rubber (EPDM)
spacers. Relative adjustments between adjacent
components resulted in a maximum accumulated
mismatch in three dimensions of less than 1 cm,
which matched the accuracy of the carpentry of the
original ship as recorded in situ.”®

Fig. 8: Sancak
kaplamalarini

ve iki kiipesteyi
destekleyen
ayarlanabilir vidali
madeni braketler
ve tirizler. (Foto: J.
Tresman)

Fig. 8: The
adjustable screwed
metal struts and steel
battens supporting
the starboard strakes
and the two wales.
(Photo: J. Tresman)

29 KAHANOYV 2011, 167.
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Denizcilik Arkeolojisi Dergisi

Dogru sonucu elde edebilmek igin govde ii¢ kez
sokiilerek dort kez yeniden monte edilmistir. Gemi
iizerinde yapilan calismaya ve sergilenmesine ek
olarak, yeniden monte edilmesi, baglantili 6zellikler
arasindaki 1iligkilerin Ogrenilmesi acisindan bir
firsat olusturmustur. Tekneden ayri bulunan iki
onemli ahsap elemanin yerlestirilmesi, bu tiir
analizlerin dogrudan bir sonucudur. Bunlardan
birincisi dordiincii iskele kaplama sirasinin bag
kisminda govdede en yiiksek konumdaki dikis
yeri ile ilgili kaniti saglamaktadir. Ikincisi ise
su anda yerine giivenli bir sekilde yerlestirilmis
olan ikinci kiipestenin geriye kalan yegane
pargasidir. Ayrica omurganin kalici desteginin
iizerine yerlestirilmesinin son asamasinda geminin
uzunlamasina giderek incelen bir yapiya sahip
oldugu kesfedilmistir: boylamasina kigta 11.2 cm
basta ise 10.4 cm, enlemesine ise kigta 16.5 cm
basta ise 14.2 cm. Direk yardimci elemani—(bir
enine kirig) ve dikmeden yola ¢ikilan son bir kritik
capraz kontrol, tiim yeniden montajin uygunlugunu
dogrulamistir (Fig. 9).%°

The hull was reassembled four times and dismantled
three times to achieve accuracy. In addition to the
study of the ship and its display, the reassembly was
an opportunity to learn about relationships between
associated features. The placement of two important
timbers found separated from the hull was a direct
result of such analysis. The first was the foremost
section of the port fourth strake, providing evidence
of the highest location of sewing in the hull. The
second was the only remaining piece of the second
wale, now reliably located. It was also discovered at
the final stage of placing the keel on its permanent
support, that it was slightly tapered along its length:
sided 11.2 cm at the stern and 10.4 cm at the bow,
and moulded 16.5 cm at the stern, and 14.2 cm at
the bow. A final crucial cross-check based on the
mast partner (a transverse beam) and its supporting
vertical stanchion confirmed the accuracy of the
whole reassembly (visible in Fig. 9).%°

Fig. 9: Hecht Miizesi’nde sergilenen orijinal Ma‘agan Mikhael batig1. (Foto: A. Efremov)
Fig. 9: The original Ma‘agan Mikhael ship on display at the Hecht Museum. (Photo: A. Efremov)

30 KAHANOV 2011, 167.
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KAPANIS NOTLARI

Batiklarin sualti kazis1 pahali ve zorlu bir istir.
Tekne kalintilarinin kurtarilmasi, konservasyonu,
restorasyonu ve sergilenmesi agamalarinin hepsi
zorludur. Ayrintili 6n planlama zamandan ve
maliyetten tasarruf saglar ve arkeolojik buluntulara
zarar gelmesini Onler. Buna ek olarak, gemi
ahsaplarinin konservasyondan &nce ve sonra ve
yeniden montaj sirasinda titizlikle belgelenmesine
verilen Onem, govde kalintilarinin incelenmesi
acisindan gereklidir. Ma‘agan Mikhael batiginda
da goriildiigii gibi, ahsaplar konservasyon veya
yeniden 1sitma sonrasinda hala sicak ve yumusak
oldugunda, govdenin kavelalar ve ahsap c¢iviler
gibi ¢esitli bilesenlerini orijinal konumlarindan
¢ikarmak miimkiin olmustur. Bu durum, bir¢ok
parcanin ayrintili olarak incelenmesini ve orijinal
olarak bulunduklar1 yerlerle iliskilendirilmesini
miimkiin kilmigtir,

PEG ile ¢alisirken 60°C’nin iizerinde bozunma
egilimi gosterdigi ve saglik riski olan formaldehit
yaydig1 icin énlemler alinmalidir. Ornegin, ¢dzelti
seviyesini diisiirmek i¢in ¢ozelti kontrollii sekilde
buharlastirilmis, boylece c¢ozelti konsantrasyonu
dogrudan PEG eklenerek arttirilabilmistir. Bu
uygulama PEG’in degil, sadece suyun buharlastigi
varsayimina dayalidir. Konservasyon odasinin
tavaninda PEG damlalarn goézlemlendigi icin
bu uygulamanin yanlis oldugu anlasilmistir. Bu
nedenle, kisa siireli maruz kalma ve siirekli ¢aligma
kosullar1 i¢in havada maksimum formaldehit
konsantrasyonlarini belirleyen 6zel diizenlemelere
uyulmali, bu da tespit cihazlarinin takilmasini ve
stirekli hava izlemesini gerektirmektedir.’!
Ma‘agan Mikhael gemisinin (Ma ‘agan Mikhael
II) tam o6lgekli bir yelkenli kopyasini insa etmek,
batigin kesfedildigi ve dneminin anlasildig1 andan
itibaren bir amag haline gelmistir. Projenin asil ilham
kaynagi Dr. Linder’den gelmistir; onun yerine gelen
Profesor Kahanov, neredeyse replikanin lansman
tarihine kadar devam ederek, onun vizyonunu
zamansiz O0limiinden 6nce uygun bir sekilde yerine
getirmistir. Replika geminin ingas1 “kabuk-ilk”
teknik kullanilarak iki yil (2014-2016) stirmiistiir.
Bugiine kadar replika ile Israil sahillerinde 50’nin
tizerinde yelkenli seyahati yapilmistir; ayrica
Kibris’a da bir yolculuk yapilarak antik dénem
yelkenli teknikleri iizerinde gerekli bilgiler elde
edilmistir. Bu Ma‘agan Mikhael gemi projesinde
gelinen son asamadir.

31 KAHANOV 2011, 168.
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CLOSING REMARKS

An underwater excavation of a shipwreck is an
expensive and demanding task. The retrieval,
conservation, restoration and exhibition of the hull
remains are all challenging. Detailed pre-planning
saves time and costs and prevents damage to the
archaeological finds. In addition, emphasis given to
meticulous recording of the ship timbers, before and
after conservation, as well as during the reassembly,
is essential for the study of the hull remains. As
demonstrated by the Ma‘agan Mikhael shipwreck,
when the timbers were still hot and soft after
conservation or reheating, it was possible to extract
various components of the hull, such as tenons and
pegs, from their original locations. This made it
possible to examine many parts in detail and relate
them to the locations in which they were originally
found.

Precautions should be taken when dealing with
PEG, as it tends to decompose above 60°C, emitting
formaldehyde, which is a health risk. For example,
controlled evaporation of the solution was used in
order to decrease the solution level, so the solution
concentration could be increased by directly adding
PEG. This was based on the assumption that only
water evaporates, and not the PEG. This was found
to be incorrect, as drops of PEG were observed on the
ceiling of the conservation room. Therefore, specific
regulations stipulating maximum concentrations
of formaldehyde in air for short time exposure and
continuous working conditions must be adhered to,
necessitating installation of detection instruments
and continuous air monitoring.*’

Building a full-scale sailing replica of the Ma‘agan
Mikhael ship (Ma ‘agan Mikhael IT) was an aim from
the moment the shipwreck was discovered and its
significance understood. The original inspiration for
the project came from Dr. Linder, who was succeeded
by Professor Kahanov, who carried it through almost
to the date of the launch of the replica before his
untimely death. The construction of the replica ship
took two years (2014-2016), using the ‘shell-first’
technique. To date the replica has made more than
50 sailings along the Israeli coast and a voyage to
Cyprus, which have provided essential information
on ancient sailing techniques. This is the final ongoing
stage in the Ma‘agan Mikhael ship project.

31 KAHANOV 2011, 168.
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TESEKKURLER

Ma‘agan Mikhael gemisinin kazilmasi, aragtirilmasi,
korunmasi ve sergilenmeye hazirlanmasi, Londrali
merhum Lord Anthony Jacobs’un destegiyle
miimkiin olmustur. Ayrica, proje Kibbutz Ma‘agan
Mikhael, Israil Bilim Vakfi, Hecht Vakfi, merhum
Sammy Ofer ve Hayfa Universitesi tarafindan da
desteklenmistir. Hepsine minnettariz. Yazar, John
Tresman’a Ingilizce redaksiyon igin tesekkiir eder.
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Anahtar kelimeler: Roma batiklari, suya doymus ahsap konservasyonu, melamin reginesi, Kauramin
Keywords: The Roman ships, waterlogged wood conservation, melamine resin, Kauramin

0ZET

Bavyera’da Brautlach nehrinin yataginda 1986
yilinda gergeklestirilen sondaj kazilarinda iki adet
gemi kalintist Roma donemi kalesinin yakinlarinda
giin 1g1gma cikartilmistir. Suya doymus durumdaki
ahsaplar goreceli olarak iyi korunmus olarak
belirlenmistir. Kazi calismalarma 1994 yilinda
baglanan batiklar bdliimler halinde yerinden
kaldirilmigtir. Dendrokronoloji analizlerine
gbore MS 2. yiizyilin basina tarihlenen gemiler
muhtemelen Tuna boyunca Roma Imparatorlugu’nun
savunma sisteminde kullanilmistir. Gemi pargalari
Roma Cermen Merkez Miizesi’ndeki (RGZM)
konservasyon laboratuvarina taginarak, son 50 yildir
Almanya-Mainz’da rutin olarak uygulanan melamin
reginesi (Kauramin®) ile koruma altina alinmis ve
sergilemeye hazir hale getirilmistir.

ABSTRACT

The 1986 sounding excavations in the Bavarian
Brautlach  River’s riverbed yielded two
Roman Period shipwrecks near the castle. The
waterlogged wood was relatively well preserved.
The excavations were initiated in 1994, and
the shipwrecks were dismantled and removed
in pieces. The dendrochronological analyses
showed that the ships which were dated to the 2nd
century A.D. were probably used for the defense
system of the Roman Empire along the Danube
River. The fragments of the shipwrecks were
transported to the conservation laboratory in the
Roman-Germanic Central Museum (RGZM) to
undergo a conservation process with melamin resin
(Kauramin®), which has been routinely used in
Mainz, Germany during the past 50 years, and be
displayed in an exhibition.

* Markus Wittkopper, ORCID ID: 0000-0002-9706-3213, Arkeolojik Restorasyon Uzmani, Roma-Germen Merkez Miizesi
* Markus Wittképper, ORCID ID: 0000-0002-9706-3213, Archaeological Restorer, Romano-Germanic Central Museum
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Denizcilik Arkeolojisi Dergisi

Bavyera eyaletinin Oberstimm bdlgesindeki Roma D6-
nemi kalesinde yapilan arastirma kazisi sirasinda iki
gemi batig1 kesfedilmistir. Batiklar 2. yy’n bagslarina
tarihlenmigtir. Tekneler Akdeniz tarzinda insa edil-
mislerdir; gévde zivanali birlestirme teknigiyle olustu-
rulduktan sonra, i¢ ahsap elemanlar ile saglamlastiril-
mustir. Iskarmozlarin sayisi yaklasik 20 kisilik kiirekei
miirettebatina isaret etmesine ilaveten, i¢ omurgadaki
1skagalar teknelerin yelken ile seyir edebileceklerini de
gostermektedir. Narin yapili, gemiler muhtemelen Tuna
boyunca Roma imparatorlugu’nun savunma sisteminde
kullanilmigtir. Yeralt: suyu tablasindaki seviyenin diis-
mesi ahsabin in situ korunmasina engel oldugundan,
1994 yilinda Bavyera Eski Eserler Idaresi, Roma Cer-
men Komisyonu ve Roma Cermen Merkez Miizesi-Ma-
inz’in (RGZM) ortak bir kampanyasinda, iki geminin
kazilarak kurtarilmasina karar verilmistir (Fig. 1).

Her iki gemi de yaklasik 15 m uzunluk ve 2.50 m genis-
likte korunmuglardi. Alttaki Gemi 1, yana yatmis, san-
cak yani tamamen korunmus, iskele yani ise tiimiiyle
bozunmustu. Gemi 2’nin her iki yanindaki borda kapla-
malari da yok olmuslardi. Kaplamalar ve i¢ omurga ¢am
agacindan yapilmisti; diger yandan egriler, omurga ve
kemere kirisleri mese agacindandi. Egriler kaplamalara
ahsap civilerle sabitlenmislerdi.

Two ship wrecks were found in the course of a survey
excavation at the Roman castellum at Oberstimm in
Bavaria. They were dated to the beginning of the 2nd
century. The boats were built in the Mediterranean
fashion — the hull assembled in mortise-and-tenon
technique, and thereafter stabilised with interior
timbers. The number of tholepins indicates a rowing
crew of about 20, mast steps in the keelson show that
the boats could be sailed as well. The slender ships
were probably used in the defence system of the
Roman Empire along the Danube. A falling ground
water table threatened the preservation of the wood
in situ, and therefore it was decided to excavate and
salvage the two ships in a 1994 joint campaign of the
Bavarian Antiquities Authority, the Roman Germanic
Commission, and the Roman Germanic Central
Museum Mainz (RGZM). (Fig. 1)

Both ships were preserved to a length of about 15 m,
with a width of about 2.50 m. The lower Ship 1 had
tilted to one side, the starboard side fully preserved,
the port side completely decomposed; on ship 2
the top planks on both sides were lost. Planks and
keelson were made of pine, whereas frames, keel and
cross-beams were of oak. The ribs were fastened to
the hull with treenails.

Fig. 1: Oberstimm’de in situ Roma gemileri. Gemi 1 altta, Gemi 2 iistte. Fark edilene kadar, is makinesinin kepgesi batiklarin
orta kismina hasar vermistir. (Foto: A. Mittermiiller LFD Ingolstadt)

Fig. 1: The Roman ships from Oberstimm iz situ. Ship 1 below, ship 2 on top. A construction excavator had gone right through
them before they were noticed . (Photo: A. Mittermiiller LEFD Ingolstadt)
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Ahsgaplarin korunmusluk durumlarinda ise farkliliklar
vardi. Yeraltr suyu tablasindaki degisim nedeniyle ah-
sap gemi parcalar1 yer yer oksijenle temas ettiklerinden
tamamen ¢iiriimiistii. Bag taraflar1 neredeyse tamamen
yok olmustu veya ciddi bi¢imde bozunmaya ugramislar-
di; yogunluklari ise bataklik komiiriinii andirmaktaydi.
Geminin orta kismindaki ¢am kaplamalar nasilsa daha
az bozunmaya ugramislardi. 2 no.lu gemideki ¢camdan
yapilma i¢ omurganin 6z kismi1 oldukea iyi korunmustu.
Ancak mese tahtalar ciddi sekilde bozunmustu. Omurga-
nin sadece bazi boliimlerindeki ahsap lifleri bir dereceye
kadar saglamligmni korumustu. Ust iiste binmis haldeki
iki geminin tek bir kiitle halde kaldirilmasi; kalintinin bii-
yiikligii goz oniine alindiginda imkansizdi; gemilerin so-
kiilmesi ise kaplamalarin 6zglin ahsap baglantilarinin yok
edilmesi anlamina geliyordu (Fig. 2). Parcali kurtarma akla
en yakin ¢oziim gibi goziikiiyordu.

TINA

The state of preservation of the wood varied. Due to
the changing water table, the wooden ships’ parts that
were intermittently in contact with oxygen were totally
decomposed. The prows had almost disappeared or
were heavily degraded; their consistency resembled
peat. The pine strakes amidships were somewhat less
degraded. The pine keelson in ship 2 was quite well
preserved in its core. The oak timbers, however, were
heavily degraded. Only in a few parts did the keel still
show wood fibres of some strength.

Lifting the two overlapping ships en bloc was
impossible in view of the size of the complex, and
dismantling the ships would have meant destroying
the typical wooden joints of the timbers. (Fig2).
Salvage by removal in segments seemed to be the
most reasonable approach.

. o : Sancak Iskele
Fig. 2: Yeniden insa edilen Steuerbord Backbord
geminin orta boliimiinde ahsap Direk
baglantilarin ayrintili gériinimii. Mast
K. Holzl, RGZM Iskarmoz

ollpflock
Oturak /
Fig. 2: Rreconstructed midship Ducht
area, detailed wooden joints Kiipeste
K. Holzl RGZM Dollbord
¢ Omurga
Kielschwein
S
Spant Y
Egri
Planken L
Bordo
kaplamalar1
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Omurga Ahsap kama
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Plankenverbindung
durch Nut und Feder

Kaplamalarin lamba ve zivanayla baglantisi

Holzkeil

Verbinfung von Spant und
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Egri ve kaplamalarin ahsap ¢ivilerle baglantisi

Rekonstruktion eines Rumpfausschnittes von Schiff 1.
Die erhaltenen Teile sind mit Raster unterlegt.

1.gemiden bir govde kesitinin rekonstriiksiyonu
Ele gegen parcalar tarama ile gosterilmistir. 121
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1986°da bir ig makinesi, gdvdeleri zaten ikiye ayir-
mist1 ve pruva pargalart ¢cok asirt bozundugundan,
onlar da gemi govdesinden ayrilmigti. Her gemi
mevcut haliyle yaklasik 6 m uzunlugunda iki gévde
pargasi ve 2 -2.5 m uzunlugunda iki pruvadan olu-
suyordu. Bu kesimler Strafor destekler ve koruyucu
tabakalar arasinda sandvig¢ haline getirildi ve ahsap
egrilere gilivenli bir sekilde tutturuldu (Fig. 3, 4).
Olgiim verilerine dayanarak, zayiflamis gemi bi-
cimsel sekil degistirmesini ve ¢arpilmasini dnlemek
icin tam olarak oturan koptik yataklar ile desteklen-
mistir (Fig. 5)

Gemi pargalari RGZM’deki konservasyon bolii-
miine kamyonlar i¢inde tek tek tasindi. Melamin
recinesi ile suya doymus ahsap konservasyonu, 50
yildir Almanya-Mainz’da Roma Cermen Merkez
Miizesi’nin rutin olarak uyguladigi bir metottur.
Pargalar temizlendi; ahsap tanklar her biri i¢in 6zel
olarak imal edildi ve agir hizmet tipi folyo ile kap-
landi. Bu hazirlik ¢aligmasi dort personel ile yakla-
sik sekiz ay siirdii. En biiyiik tank 6.5 m?, hepsi bir-
likte yaklasik 20 m® kapasiteye sahipti. Artik gemi-
ler suyun igerisinde beklediginden, kurumaya karsi
onlem alinmis, hatir1 sayilir bir yilizdiirme saglayan
Strafor kaburgalar, gemiye dokunduklari yerde yas-
tiklama yapan PVC kaburgalarla degistirilebilirdi
(Fig. 6).

Yeni destek kaburgalari, zemin basinciyla yer degis-
tiren gdvde kalaslarini orijinal konumlarina yerles-
tirilebilecek sekilde uyarlandi (Fig. 7).

In 1986, an excavation machine had already cut the
hulls in two, and as the prow parts were so extremely
degraded, they, too, were separated from the midship
sections. Each ship now consisted of two midship
segments of about 6 m length, and two prow segments
of'2 -2.5 m length. These segments were sandwiched
between styrofoam ribs and protective sheets, and
securely fastened to wooden frames. (Fig.3, 4)
Based on measurement data, precisely fitting foam
beds were milled to avoid deformation and distortion
of the weakened ship wrecks. (Fig.5)

One by one the segments were transported on
trucks to the conservation department at the RGZM.

Stabilising waterlogged wood with melamine resin
has been the routine method of the Roman Germanic
Central Museum in Mainz, Germany for 50 years.
The segments were cleaned, and wooden tanks were
fitted around each of them and lined with heavy-duty
foil. This preparatory work took four men about eight
months. The largest tank held 6.5 m3, all together
about 20 m3. Now that the ships lay in water, safe
against drying, the styrofoam ribs, which caused
considerable buoyancy, could be exchanged for PVC
ribs, cushioned where they touched the ship. (Fig.6)
The new ribs were tailored in such a way that hull
planks, which had been displaced by earth pressure,
could be replaced in their original position. (Fig.7)

Fig. 3: Kurtarma kostriiksiyonunun illistrasyonu. K. Holzl, RGZM
Fig. 3: Drawn illustration of the salvage construction K. H6lzl RGZM
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Bu calisma siiresince ahsaplar, gdmiilme sirasinda
iceri sizan kir ve yabanci maddelerden temizlenmesi
icin deiyonize su i¢ginde bekletilmisti. Y1kama suyun-
da pH ve iletkenlik sabit kalana kadar bes banyoya
ihtiya¢ duyulmustur. Eyliil 1996’da Gemi 2’ye Kau-
ramin' ile islem yapilmaya baglandi.

Farkli oranlarda bozunmaya ugramis olan tiim ahsap-
lar ayn1 arindirma prosediiriinden gegirildi. Regine
on-polimeri, bozunmamis ahsab1 dahi emprenye eder
ve ayni Kauramin konsantrasyonu farkli nitelikteki
ahsaplarin stabilizasyonu i¢in de idealdir. Regine ¢o-
zeltisi ile calisirken herhangi bir sorun yaganmamistir:
asindirict degildir ve oda sicakliginda kullanilabilir. Si-
radan bir sulama pompasiyla, bilesenler 2.000 litrelik bir
kazana doldurularak, karigtirilmis ve emprenye tankla-
rina pompalanmigtir. 12.000 litre % 25 ¢ozelti i¢in yak-
lagik 3.000 litre Kauramin-5549, 8.000 litre deiyonize
su ile seyreltilmistir; viskoziteyi diigiirmek i¢in % 5 tire
ve ¢Ozeltinin kiirlesme siiresini uzatmak i¢in bir alkali
tampon olarak % 1 trietanol amin ilave edilmistir. Trie-
tanol amin olmadan bir Kauramin ¢dzeltisi yaklasik 2-4
ay kiirlesmeden kalabilmektedir. 7-9 aylik bir empren-
ye planlandigi i¢in, bu tamponun eklenmesi gerekmistir
(Fig. 8).

Emprenye siiresini en kalin ahsap eleman i¢in uygun
olan siire belirler; bu tanima uyan parga 2 no.lu geminin
16 cm capindaki i¢c omurgasidir. Azot analizleri, mela-
min regine molekiillerinin bozulmus agaclara ayda yak-
lagik 1 cm niifuz ettigini gostermistir. Bu durumda se-
kiz ay i¢inde, i¢ omurganin 6ziine emdirilmis olmalidir.
Haftada bir kez banyo ¢dzeltisinin yogunlugu ve pH’1
olgtilerek “kiirlesme testi” yapilmigtir.> Yogunlugun ge-
lisimi, emprenyenin degerlendirilmesinde yardimci olur;
pH-degeri ve “kiirlesme testi” ise ¢ozeltinin kararlilig
hakkinda bilgi verir. Melamin regineleri asitle kiirlenir;
dolayisiyla emprenye iglemi sirasinda pH alkalin tutul-
malidir. Aksi takdirde polimerizasyon baslar ve regine
artik suda ¢oziiniir vasfini kaybederek, ¢ozelti bozulur.
9. ve 10. aylarda pH 7.5 ila 7.0 ve “kiirlesme testi” po-
zitif oldugunda gemi 2’nin parcalar tanklardan ¢ikaril-
mustir. Bu asamada, regine kalintilart ahsap yiizeyinden
hala kolayca yikanabilir. Dogru zaman kagirilirsa, sade-
ce biiylik ¢aba ile uzaklastirilabilecek yapiskan bir reci-
ne tabakas1 olusmasi ise kaginilmazdir.

Hiicre duvarlarindaki reginenin ¢apraz baglanmasi
icin emprenye isleminden sonra bir 1s1l iglem uygu-
lanmistir.

1 BASF Ludwigshafen, marka adi Kauramin 5549, suda
¢oOziinebilen melamin formaldehid reginesi; 2004'den beri:

Kauramin 800 olarak tiretilmektedir.
2 Cozelti i¢ine bir damla su damlatilarak beyazlasma kontroli

yapilir. Su damlasi beyazlagiyorsa kiirlesmenin bagladig anlasilir
(Editoriin notu).
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During this work, the wood was already lying in
de-ionised water to clean it from dirt and substances
which had infiltrated it during the burial. Five baths
were needed until pH and conductivity stayed
constant in the washing water. In September 1996
the Kauramin' treatment of ship 2 began.

Wood in all stages of degradation was treated in
the same bath. The resin pre-polymer impregnates
even non-degraded wood, and the same Kauramin
concentration is optimal for the stabilisation of
different wood qualities. Working with the resin
solution was unproblematic; it is not corrosive and
was handled at room temperature. With an ordinary
garden pump the components were filled into a 2000
litre vat, mixed, and pumped into the impregnation
tanks. For 12000 litres of 25 % solution, about 3000
litres of Kauramin 5549 were diluted with 8000
litres of de-ionised water; 5 % urea were added to
lower the viscosity, and 1 % triethanol amine as
an alkaline buffer to prolong the stability of the
solution. Without triethanol amine a Kauramin
solution is only stable for about 2 — 4 months. As
we planned an impregnation of 7 — 9 months, the
addition of a buffer was necessary. (Fig.8)

The impregnation time is governed by the thickest
timber, in this case the keelson of ship 2 at 16 cm
in diameter. Nitrogen analyses have shown that
melamine resin molecules penetrate degraded
wood by about 1 cm per month. In eight months,
the keelson should have been impregnated to its
core. Once per week the density of the solution
bath and its pH were measured, and the ‘cloud test’
made. The development of the density helps to
assess impregnation progress, the pH-value and the

‘cloud test’ inform on the stability of the solution.
Melamine resins are acid-cured; hence the pH has
to be kept alkaline during impregnation. Otherwise,
poly-addition starts, the resin is no longer water
soluble, and the treatment solution is spoilt.

After 9 and 10 months, the segments of ship 2 were
lifted from the tanks, once the pH had dropped
to 7.5 — 7.0, and the ‘cloud test’ was positive. In
this state, resin residues can still be easily washed
from the wood surface. If the right point is missed,
a sticky resin layer may form, which can only be
removed with great effort.

A heat treatment followed the impregnation to
cross-link the resin in the cell walls.

1 BASF Ludwigshafen, brand name Kauramin 5549, a water-
dilutable melamine resin, since 2004: Kauramin 800
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Fig. 4: Gemi 2’nin 1. kismi. Kurtarma
konstriiksiyonunun yapimi. (Foto: A.
Mittermiiller LFD Ingolstadt)

Fig. 4: Ship 2 segment 1, building
the salvage construction. (Photo: A.
Mittermiiller LFD Ingolstadt)



Fig. 5: Gemi 1’in 1. kisminin tagima hazirhigi. (Foto: RGZM)
Fig. 5: Ship 1 segment] transport preparings. (Photo: RGZM)

Ahsap konstriiksiyon
Holzkonstruktion

Edelstahlband

Yiiksek nitelikli
celik bant

PVC - Leiste
PVC alt destek seridi

PVC - Rippe
PVC alt destek seridi
Styropor -
Zahnleiste

Styropor -

Zahnleiste
Digsli strafor serit

Digsli strafor serit

Spannhaken

Fig. 6: PVC konstriiksiyonunun ¢izimi. K. Holzl RGZM Gergi kancalari

Fig. 6: Drawn illustration of the pvc construction K. Holzl RGZM
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Fig. 7: Gemi 1’in 1. kismi, PVC kaburgalar. (Foto: RGZM)
Fig. 7: Ship1 segment 1, pvc-ribs. (Photo: RGZM)

Fig. 8: Konservasyon ig¢in ¢ozeltinin hazirlanmasi. (Foto: RGZM)
Fig. 8: Mixing the treatment solution. (Photo: RGZM)
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Kauramin ile emprenye edilmis ve iyilestirilmis
gemi buluntularina stresi azaltilmis kurutma iglemi
uygulamak i¢in konteynir biiyiikliigiinde (6,8 m x
3,3 m x 2,3 m) mikrodalga firin ve 1sitma hazne-
sinden’® olusan kombine bir cihaz insa edilmistir.
Cihaz, iki 1sitma {initesi tarafindan 50°C’ye 1sitila-
bilir ve tavanin altina esit olarak yerlestirilmis her
biri 1000 Watt’lik 6 mikrodalga jeneratorii ile do-
natilmistir. Ahsap ylizeyler, ahsaptan akabilecek re-
¢inenin lizerlerine yapigsmasini dnlemek i¢in nemli
yumusak kagit havlu ile kaplanir. Daha sonra gemi
pargalari, 1s1yla kiirlestirme sirasinda ahsabin kuru-
masini Onlemek i¢in polietilen folyo i¢ine paketle-
nir (Fig. 9).

Gemi 2’nin pargalar1 da tek tek 50° C’de islem gor-
miistiir. Regine bir hafta icinde tamamen kiirlenmis-
tir. Emprenye ¢dzeltisinden
alman bir 6rnek gdsterge

A combined device, microwave oven and heating
chamber?, the size of a garage (6.8 m x 3.3 m
x 2.3 m), has been constructed for the stress-
reduced drying of Kauramin-impregnated and
cured ship finds. It could be heated to 50 °C by
two heating units, and 6 microwave transmitters of
1000 Watt each, placed evenly under the ceiling,
provided microwave energy. The wood surfaces
were covered with moist tissue paper to prevent
resin from the wood coating them them. The ship
segments were then packed in PE foil to prevent the
wood from drying during the heat curing. (Fig.9)

The segments of ship 2 were treated, one by one, at
50° C. Within a week, the resin was totally cured.
A sample of the impregnation solution served as
an indicator. When this had solidified, the curing
was finished. After complete cooling, foil and
tissue were removed.
Pure Kauramin

olarak kullanilmustir. Or-
nek katilastiginda, kiirles-
me tamamlanmis demektir.
Tamamen sogutulduktan
sonra folyo ve kagit sargi
cikarilmistir.  Kauramin
yaklasik % 0.1 formaldehit
icerir; eger ahsap sicakken
tizerindeki folyo ve kagit
cikarilirsa, gozleri ve bur-
nu tahris eder.
fyilestirmenin  sonunda,
ahsap hala suya doygun-
dur. Hizli ve kontrolsiiz
bir kurutma, bu durumda
bile, cekmeye, carpilmaya
ve catlak olusumuna neden
olabilir. Kontrollii kurutma
icin, gemi parcalarim tek-
rar folyo ile paketlenmistir.
Gemi 2’nin dort parcasinin
kuruma siiresini azaltmak ve yine de iyi bir stabili-
zasyon elde etmek i¢in folyalanmis ahsaplar mik-
rodalga enerjisiyle kurutulmustur. Bu enerji kuru
oduna ¢ok fazla 1sitmadan niifuz eder, buna karsin
odundaki suyu 1sitarak buharlagmasini saglar. Bu-
harlagma enerjisinin, ahsaplarin zaten kuru olan
disindan su dolu i¢ kismina taginmasi gerekmez.
Kuru odun agir1 1sinmaz ve tehlikeli bir nem grad-
yant olugmaz.

3 Mipro, CH-Oberbiiren, 2002'den beri kapalidir. 1996: 100
000-DM
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Fig. 9: Gemi 1’in 2. kismina emdirilen melamin re¢inesinin
mikrodalga firm iginde kiirlesmesi. (Foto: RGZM)

Fig. 9: Shipl segment 2 curing the melamine resin in a
microwave chamber. (Photo: RGZM)

contains about 0.1 %
formaldehyde; if the
wood is  unpacked
while still hot, this will
irritate eyes and nose.
At the end of the
curing, the wood is
still waterlogged.
Rapid and uncontrolled
drying can, even in
this state, result in
shrinkage, warping,
and crack formation.
For a controlled drying,
we packed the ship
segments in foil again.
To reduce the drying
time for the four parts
of ship 2, while still
obtaining a  good
stabilisation, we dried
the foil-packed wood with microwave energy.
This energy penetrates the dry wood substance
without warming it too much, while heating
up any water in the wood and causing it to
evaporate. The evaporation energy does not have
to be transported by the wood substance from
the outer, already dry portions of the timbers to
the still water filled interior. The dry wood is not
overheated, and no dangerous moisture gradient
builds up.

2 Mipro, CH-Oberbiiren, closed since 2002. 1996: 100 000.-
DM



Mikrodalga ahsaplara baglanan sensorler aracili-
giyla 35° C’ye ayarlanmis ve aralikli olarak ca-
listirtlmastir. 3-4 saat cgalisildiktan sonra, ahsabin
tizerindeki folyolar c¢ikarilarak, naylon ve ahsap
iizerindeki yogusan su bir-iki saat kurumaya bira-
kilmistir. Ahsabin nem igerigi, bozunmus ahsabin
Lif Doygunluk Noktas: (LDN) civarinda yaklasik
% 40’a diisene kadar mikrodalgayla kurutma uy-
gulanmistir. Bu prosediir, gemi 2’nin pargalar1 igin
9 ay silirmiistiir. Parcalar daha sonra folyo ile kap-
lanarak ortam kosullarinda yavas yavas % 12 - 15
nem igerigine kadar kurumasi saglanmistir. Gemi
1’in melamin emdirmesi i¢in yaklasik 5.000 litre regi-
ne ¢ozeltisi kullanilmistir. Ahsaplart gemi 2 ninkinden
daha inceydi ve dort parcanin her biri i¢in emdirme
stiresi sadece 6 ay olarak planlanmistir. Sadece % 0.5
trietanol amin tamponu ilave edilmistir. Son par¢anin
mikrodalgada kurutulmasi 2001 baslarinda tamam-
lanmis; iki geminin stabilizasyonu dort yil ii¢ ay
strmiistiir.

Tiim ahsap yiizeyler iki kez dogal ahsap yagi ile fir-
calanmistir.* Melamin reginesi ile stabilizasyon ah-
sap yapiya sadece az miktarda recine ekler. Konser-
vasyonu gergeklestirilen ahsaplarin agirliklar hafif
ve renkleri nispeten agik olarak kalir. Solvent bazl
dogal veya sentetik regineler, yaglar veya balmum-
lar1 ile yiizey islemi, rengi ahsabin son zamanlarda-
ki rengine gore ayarlayabilir. Ayn1 zamanda, ylizey
giiclendirilmis olur ve ahsap bagil nem dalgalanma-
larina kars1 bir miktar korunmustur. Olgiimlere gore
¢ekme lif yoniinde % 0.5, agac¢ halkasi boyunca %
1’den daha az olmustur. Govde ahsaplar1 arasinda-
ki armuz aralar1 sadece birkag milimetre agilmigtir
(Fig. 10).

Gemiler, bulunduklari yerin yakininda yeni bir
miize kuruluncaya kadar RGZM’de sergilenmistir.
Gemi pargalari, daha sonra tagima kizaklar1 olarak
kullanilabilecek ayr1 ayri tabanlara monte edilmis-
tir. Ancak Manching Kelten ve Romer Miizesi, ge-
mileri estetik agidan hos, miitevazi ¢elik desteklerle
sunmak istiyordu. Bu, gegici tasiyicilara ek olarak,
gemi parcalarini besiklerden nihai tasiyici konstriik-
siyona aktaracak bir kaldirma sisteminin gerekli
oldugu anlamina geliyordu. Bunun i¢in gemilerin
kaz1 alanindan kaldirilmast igin gelistirilen strafor
kaburgalar, gecici sablonlar ve sikma kayislar ile
ayn1 teknik kullanilmistir. (Fig. 11)

4 Auro, natural oil Nr. 121
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The microwave set-up was regulated to 35° C
via sensors in the wood and employed using time
intervals. After 3 — 4 hours, it was turned off, the
wood unpacked, the condensed water on the foil
and on the wood left to dry for one to two hours.
This microwave drying was performed until the
moisture content of the wood had come down to
about 40 %, about the fibre saturation point (FSP)
of degraded wood. This procedure took 9 months
for the segments of ship 2, which were then covered
with foil and slowly dried in ambient conditions
to 12 — 15 % moisture content. The melamine
impregnation of ship 1 required about 5000 litres
of resin solution. The timbers were thinner than in
ship 2, so that the impregnation time of the four
segments could be planned for only 6 month each.
Only 0.5 % triethanol amine buffer was added.The
microwave drying of the last segment was finished
in early 2001, the stabilisation of the two ships had
taken four years and three months.

All wood surfaces were brushed two times with a
natural wood oil.* The stabilisation with melamine
resin adds only small amounts of resin to the wood
structure. The objects remain relatively light, in
weight and in colour. A surface treatment with
solvent-based natural or synthetic resins, oils, or
waxes can adjust the colour to that of recent wood.
At the same time, the surface is strengthened, and
the wood is protected a little against fluctuations
of the relative humidity. Shrinkages of up to 0.5 %
were measured in the fibre direction, and less than 1
% across the grain. The seams between hull planks
only opened a few millimetres. (Fig.10)

The ships were put on exhibition in the RGZM,
until a new museum could be erected near the
place where they were found. The segments were
mounted on individual bases, which could later
serve as transport cradles. However, the new Kelten
und Romer Museum Manching wanted to present
the ships in aesthetically pleasant, unobtrusive
steel supports. This meant that in addition to the
temporary transport cradles a lifting system was
necessary, which could raise the ship segments
from the cradles into their final support structure.
We used the same technique of wooden frames,
styrofoam ribs, temporary templates and tightening
belts developed for the lifting of the ships from the
excavation. (Fig. 11)

3 Auro, natural oil Nr. 121
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Fig. 10: Sertlestirme ve kurutmadan sonra gemi 2’nin 1.ve 2. kisimlari. (Foto: RGZM)
Fig. 10: Ship2 segment 1 and 2 after consolidation and drying. (Photo: RGZM)
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Fig. 11: Gemi | ve Gemi 2 Manching/Bavaria’da ¢elik tasiyicilarin iizerinde. (Foto: W. David, Kelten ve Romer Museum, Manching)
Fig. 11: Ship1 and 2 on steel support in Manching/Bavaria. (Photo: W. David, Kelten und Romer Museum, Manching)

Melamin reginesini ¢apraz baglamak ig¢in bir 1s1
haznesi gereklidir. Firinin boyutu, maksimum nesne
boyutu smiridir. RGZM laboratuvarlarinda kombi-
ne cihaz (1s1 ve mikrodalga) kullanilmaktadir. Bu,
recine sertlestikten sonra mikrodalga islevine gece-
bilecegimiz ve kurutma islemini hizlandirabilecegi-
miz anlamina gelir.

Oberstimm’den Kauramin 800 ile gemilerin korun-
masinin olumlu yonleri birinci siif stabilizasyon
ve gorsel goriinlimdiir. Stabilize ahsaplarin hafifligi,
gemilerin yeniden montaji ve sunumu ile ¢alismayi
kolaylastirmigtir. Ahsap hala goézeneklidir; ¢linkii
sadece az miktarda recine kullanilmistir. Bir gilin
ahsaplarin giliglendirilmesi veya yeniden stabilizas-
yonu arzu edilirse, melamin recinesi tekrar ¢ikarila-
masa dahi bdyle bir iyilestirme miimkiin olacaktir.

A heat chamber is required to crosslink the melamine
resin. The size of the chamber defines the limit for the
maximum object size. We are using combined device
(heat and microwave). This means that once the resin
has hardened, we can switch to microwave function
and accelerate the drying process.

Positive aspects of the conservation of the Ships from
Oberstimm with Kauramin 800 are the first-class
stabilisation and the visual appearance. The light
weight of the stabilised timbers made working with the
reassembly and presentation of the ships straightforward.
The wood is still porous, as only small amounts of resin
have been introduced. Should one day a strengthening
or re-stabilisation of the timbers become desirable, then
such a treatment will be possible, even if the melamine
resin cannot be extracted again.
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SUYA DOYMUS AHSAP KONSERVASYONUNDA

SULFUR SORUNU

SULFUR PROBLEM IN THE CONSERVATION
OF WATERLOGGED WOOD

* A. Gokce Kilig

Anahtar kelimeler: Konservasyon, pH, pirit, suya doymus ahsap, siilfiir.
Keywords: Conservation, pH, pyrite, waterlogged wood, sulfur.

0ZET

2000 yilinda Vasa Batigi’'nda baslatilan projeler
ile suya doymus ahsap konservasyonunda siilfiir
kaynakli problemler ve ahsaplardan uzaklagtirilmasi
tizerinde yiritilen calismalar hiz kazanmistir.
Konservasyon calismalart tamamlandiktan sonra
silfiir kaynakli asidite problemi yasayan Vasa,
Mary Rose, Batavia ve Shinan batiklarindan elde
edilen veriler ile Lyon Saint-Georges 4 ve Yenikap1
batiklarinda PEG emdirmesi Oncesinde demir
korozyonlu alanlar ahsaplardan uzaklastirilmistir,
Bu ¢alisma kapsaminda da batik ahsaplar1 iizerinde
tespiti gergeklestirilen siilfiir problemleri ve ¢6ziim
yollart degerlendirilmistir. Gergeklestirilen mekanik
ve kimyasal temizlik ¢aligmalarina ragmen ahsaplarda
pirit varligt mevcut ise giliniimiizde bilinen ve
uygulanan yontemler ile piriti tamamen ahsaplardan
uzaklastirmak miimkiin degildir. Bu nedenle
Ozellikle yapisinda pirit olan ahsaplarin, uygun
bagil nem degerine sahip ortamlarda depolanmasi
ve sergilenmesi biiyilk 6nem kazanmaktadir. Aksi
halde ahsaplarda meydana gelebilecek siilfiirik asit
olusumu nedeniyle geri doniisii miimkiin olmayan
bozulmalar yasanabilmektedir

ABSTRACT

With the projects launched in Vasa Shipwreck in
2000, the studies on the sulfur-related problems in
waterlogged wood conservation and their removal
from the wood have accelerated. Iron corroded
areas were removed from the wood before PEG
impregnation of Lyon Saint-Georges 4 and
Yenikap1 shipwrecks with the data obtained from
Vasa, Mary Rose, Batavia and Shinan skipwrecks
which had sulfur-related acidity problem after the
active conservation works of these shipwrecks
were completed. Within the scope of this study,
the sulfur problems detected on the wooden parts
of the shipwrecks and its potential remedies were
discussed. If there is pyrite in the wood despite the
mechanical and chemical cleaning, it is not possible
to remove it from the wood completely with the
methods known and applied today. Therefore, it
is especially important to store and display wood
that contains pyrite in suitable relative humidity.
Otherwise, irreversible degradation may occur due
to sulfuric acid in wood.

*Dr. Ogr. Uyesi A. Gokee Kilig, Orcid ID: 0000-0003-0042-6979. istanbul Universitesi Edebiyat Fakiiltesi, Miizecilik Boliimii,

gokcegokcay@istanbul.edu.tr

*Asst. Prof. A. Gokee Kilig, Orcid ID: 0000-0003-0042-6979. Museology Department, Faculty of Letters, istanbul University.

133



TINA

GIRIS

1860’11 yillardan itibaren bilimsel bir ¢alisma alani olarak
kabul goren suya doymus ahsap konservasyonunda
konservatorler, ahsap uzmanlari, kimyagerler, fizikgiler,
arkeologlar ve miihendisler interdisipliner ¢aligmalar
yiiriitmektedir. ileri aletli analiz teknikleri kullanilarak
gergeklestirilen galismalar ile suya doymus ahsapta meydana
gelen kimyasal ve fiziksel degisimler ortaya konmakta ve
elde edilen veriler ile suya doymus ahsabin konservasyonu
uygun yontemlerle gergeklestirilebilmektedir.! Biiyik
boyutlu suya doymus arkeolojik eserlerin korunmasinda
en ¢ok kullanilan ydntemlerin basinda PEG (polietilen
glikol) ile yapilan uygulamalar gelmektedir.> Bu ¢alisma
kapsaminda da degerlendirildigi gibi PEG kimi noktalarda
problemleri bulunmasma ragmen giiniimiizde halen suya
doymus ahsap konservasyonunda kullanilan en yaygimn
uygulamadir. PEG ile karsilagilan problemlerin basinda;
ozellikle gemi elemanlarinin birlestirilmesinde kullanilan
metal ¢iviler nedeniyle PEG’in oksidasyona ugramasi
gelmektedir. Ayrica PEG’in bozulmasi sonucunda meydana
gelen formik asit olugumu ise yontemin bir diger dnemli
problemidir.> Konservasyonu PEG ile gergeklestirilen
ahsaplarda meydana gelen asidite sorunu 1970’li yillarda
Skuldelev batiklarinda meydana gelen beyaz toz halinde
birikintiler ile tespit edilmistir. Bu durum ilk basta gorsel
bir problem olarak diisiiniilmiis; yiizeydeki tozlanmalar firca
ile temizlenerek, beyazlagsan kisimlar boyanmistir. Ancak
yasanan problemin artarak devam etmesi sonucunda yapilan
analizler ile bu tozlarin ¢oziinmeyen demir siilfiirlerin
oksidasyonu sonucunda olusan hidratli demir siilfat oldugu
tespit edilmistir.* Bu oncii ¢aligma ile beraber 6zellikle Vasa
Batig1 ahsaplarinda biriken yiiksek miktardaki stilfiirtin kesfi;
kimyacilar ve konservatdrler arasinda isbirligi yapmanin
gerekliligini bir kez daha ortaya koymustur. Vasa Batigi’nda
2000-2003 yillarinda gerceklestirilen “Preserve the Vasa”,
2008-2011 yillarinda gergeklestirilen “A Future for Vasa”
projeleri ve batik ahsaplarinda yiiriitiilen kimyasal analiz
caligmalart sonucunda, batiklarda meydan gelen siilfiir
varlig1 arastirilmis ve suya doymus ahsap konservasyonunda
“siilfiir”” problemi tanimlanmustir.’ Ozellikle konservasyonu
tamamlanmis sergilenen batiklarda yasanan problemler,
konservasyon calismalar1 devam eden batiklar igin de
referans olarak kullanilabilmektedir. Batik ahsaplarinda
gergeklestirilen siilfiir ve demir bilesiklerinin analizleri
ile suya doymus ahsap konservasyonunda bu bilesikler
ile baglantili sorunlarin anlagilarak ¢6ziim yontemleri
arastirilmaktadir.® Bu nedenle 6ncelikle suya doymus ahsapta
stilfiir-demir bilesiklerinin hangi reaksiyonlar sonucunda
meydana geldigi iizerine arastirmalar gergeklestirilmistir.

1 FIX 2015

2 KILIC 2013

3 KILIC 2017a

4 GODFREY vd. 2011

5 ELDING 2011; SCHOFIELD — CHADWICK 2011
6 Fo%:si 42008; HAFORS, 2010

INTRODUCTION

Conservators, wood specialists, chemists, physicists,
archaeologists and engineers conduct interdisciplinary
studies on the conservation of waterlogged wood, which
was recognized a scientific field since 1860’s. Chemical
and physical changes occurring in waterlogged wood are
revealed by the studies carried out using instrumental
analysis techniques and the conservation of waterlogged
wood with the obtained data can be carried out with
suitable methods.! PEG (polyethylene glycol) is one
of the most used methods for the conservation of large
waterlogged archaeological finds.?> As evaluated within
the scope of this study, although PEG has problems at
some points, it is still the most common application used
in waterlogged wood conservation today. PEG oxidation
due to metal nails used for joining ship elements is
the most common problem encountered with PEG. In
addition, formic acid formation that occurs as a result
of PEG degradation is another important problem of
the method.® The acidity problem occurring in wood,
preserved by PEG, was detected by white powder deposits
in Skuldelev shipwrecks in the 1970s. At first this issue
was considered as an unpleasant appearance, so, the dust
on the surface was removed with a brush and the parts
that had become whitish were painted over. However, as
a result of the continuing problem, several analyses were
performed and it was found that the powders were in fact
hydrated iron sulfate particles deriving from the oxidation
of insoluble iron sulfides.* With this pioneering work,
the discovery of the high amount of sulfur deposited in
the wood of Vasa Shipwreck once again demonstrated
the necessity to cooperate between chemists and
conservators. As a result the “Preserve Vasa” project in
2000-2003, and “A Future for Vasa” project in 2008-2011
were carried out and chemical analyses were performed
on the shipwreck, the presence of sulfur in the wooden
parts of the shipwreck was investigated and the problem
was defined as presence of “sulfur” in the conservation of
waterlogged wood. Especially the problems observed on
exhibited shipwrecks that had already gone through the
conservation process, are a reference for shipwrecks with
ongoing conservation studies. Analyses of the sulfur and
iron compounds found in wooden parts of shipwrecks,
yield issues related to the compunds in waterlogged wood
conservation, as well as providing clues for investigating
its solutions.® Therefore, initially, researches have been
conducted to find out which reactions created the sulfur-
iron compounds in waterlogged wood.

1 FIX 2015

2 KILIC 2013

3 KILIC 2017a

4 GODFREY etal. 2011

5 ELDING 2011; SCHOFIELD — CHADWICK 2011
6 FORS 2008; HAFORS, 2010



BATIK AHSAPLARINDA SULFUR- DEMIR BILESIKLERININ OLUSUMU
Batik ahsaplarinda, kullanilan demir baglanti
elemanlar1 ya da batigin kargosunda bulunan demir
malzemeler nedeniyle ¢ogu zaman batik gemilerde
demir varligina rastlanmaktadir. Demir malzemenin
gomilii kaldig1 alanda su bulundugunda, demir
elektrokimyasal reaksiyon sonucunda korozyona
ugrar ve ortamdaki oksijen ile demir oksit ve demir
hidroksit meydana gelir. Ancak batik anaerobik
ortamda bulunuyor ise en sik ortaya ¢ikan korozyon
{iriinii  demir siilfiirlerdir. Ozellikle monosiilfiir
ve pirit gibi demir siilfiirler, deniz tabanindaki
indirgeyici kosullar ile olugmaktadir. Oksijen
ve yiksek bagil nem varliginda, demir siilfiirler,
siilfiirik asit olusmasina neden olmaktadir. Batik
ahsaplarinda demir iyonlarinin varligi, ahsaplarda
asidite problemine neden olmakla beraber ayrica
organik molekdilleri etkileyen hidroksil radikallerinin
olusumuna da neden olmaktadir.”

Batik ahsaplari, deniz tabanindaki ¢okellerde gomiilii
oldugu siirece, bircok yonden mekanik ve biyolojik
erozyondan korunmus olur. Bu duruma Mary
Rose Batigi’nin korunmus goévdesinin sekli iyi bir
ornektir (Fig. 1). Ancak, ahsab1 korudugu diisiiniilen
bu anaerobik ortamda ozellikle siilfat indirgeyici
bakteriler, hidrojen siilfiir olusumuna, hidrojen siilfiir
de demir iyonlarinin olmadigi durumlarda ahsabin
lignin bakimindan zengin alanlarinda tiyoller gibi
organik siilfir bilesiklerinin veya ortamda demir
varsa demir siilfiir olusumuna neden olmaktadir.®
Kazisonrasinda ortaya ¢ikarilan suya doymus ahsabin
yapisinda bulunan demir siilfiirler, havadaki oksijenle
temas ettiginde ahsabi oksitlemeye ve asiditesini
yiikseltmeye baslamaktadir. Bu reaksiyonlarin
sonucunda batik ahsaplarinin yiizeylerinde siklikla
demir (II) ve demir (I1I) stilfatlarin asidik ¢okeltileri
(melanterit (FeSO,.7H,0), rozenit (FeSO,.4H,0),
jarosit [KFe (SO,),(OH),]) bulunmaktadir. Vasa,
Mary Rose ve Batavia batiklarinda oldugu gibi,
Ozellikle demir tarafindan katalizlenen yiikseltgenme
stirecleri ahsaplarda yiiksek diizeyde asitlie neden
olmaktadir. Indirgenmis siilfiir bilesikleri, 6zellikle
de kararsiz demir siilfiirler, sergileme veya depolama
alaninda yiiksek bagil nem bulunmasi durumunda
siilfiirik  aside dontigerek batik  ahsaplarinda
problemlere yol agmaktadir.’

7 ALKMIST vd. 2013; ALKMIST 2008
8 FORS vd. 2015; FORS 2009a
9 FORS 2009a; FORS vd. 2012; FORS vd. 2014; FORS, 2009b
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FORMATION OF SULFUR-IRON COMPOUNDS IN SHIPWRECK
WOooD

Due to the iron fasteners used in wood or iron
materials found in the cargo of the ship, iron is often
encountered in shipwrecks. In the area where the
iron material is submerged, the iron is corroded as a
result of electrochemical reaction and iron oxide and
iron hydroxide are released due to the oxygen in the
environment. However, if the shipwreck is located
in an anaerobic environment, the most frequently
released product due to corrosion is iron sulfides.
In particular, iron sulfides such as monosulfide and
pyrite are formed by reducing conditions on the
seabed. In the presence of oxygen and high relative
humidity, iron sulfides cause sulfuric acid to form.
The presence of iron ions in the wood of shipwrecks
causes acidity problem in wood, but also causes the
formation of hydroxyl radicals that affect organic
molecules.’

Shipwreck wood is protected from mechanical
and biological erosion in many ways, as long
as it is submerged under the seabed sediments.
The Figure depicting the preserved body of the
Mary Rose shipwreck is a good example (Fig. 1).
However, in this anaerobic environment, which is
thought to protect wood, especially sulfate-reducing
bacteria causes hydrogen sulfide formation, and in
the absence of iron ions, hydrogen sulfide causes
organic sulfur compounds such as thiols in lignin-
rich areas of wood or iron sulfide if iron is present in
the environment.®

Iron sulfides in waterlogged wood removed during
excavation begin to oxidize wood and increase its
acidity when it comes into contact with oxygen
in the air. As a result of these reactions, acidic
precipitates of iron (II) and iron (III) sulfates
(melanterite (FeSO,.7H,0), rozenite (FeSO,.4H,0),
jarosite [KFe, (SO,),(OH),]) are frequently found
on the wood of shipwrecks. As with Vasa, Mary
Rose and Batavia shipwrecks, oxidation processes
catalyzed by iron cause high acidity in wood.
Reduced sulfur compounds, especially unstable
iron sulfides, transform into sulfuric acid when the
relative humidity in the display or storage area is
high, causing problems in wooden artifacts.’

7 ALKMIST et al. 2013; ALKMIST 2008

8 FORS et al. 2015; FORS 2009a

9 FORS 2009a; FORS et al. 2012; FORS et al. 2014; FORS,
2009b
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SULFUR PROBLEMININ ORNEK BATIKLAR UZERINDEN

INCELENMESI

Bu calisma kapsaminda yurtdigindan Vasa, Mary Rose,
Batavia, Skuldelev, Shinan, Lyon Saint-Georges 4,
BZN (Burgzand) 3 ve BZN 15 batiklar ile Tiirkiye’den
Yenikap1 batiklarinda  gergeklestirilen  ¢aligmalar
sonucunda elde edilen veriler degerlendirilmistir. Batik
ahsaplarinda siilfiir-demir bilesiklerinin tespitinde
pek cok farkl aletli analiz kullanilmaktadir. Bunlarin
baginda Ozellikle ahsap ylizeylerinde tuz g¢okeltileri
olustugunda; bu cokeltilerin tanimlanmasinda XRD
(X 1sinlart  difraksiyonu) cihazi kullanilmaktadir.
Ahgabin yapisindaki demir ve siilfiir elementlerinin
tespitinde ise oOzellikle tasmabilir XRF (X Isin1
Floresans Spektroskopisi) cihazlar1 kullanilmaktadir.
SEM-EDX (Taramali Elektron Mikroskobu- Enerji
Dagilimhi X Ism1 Spektroskopisi) analizi, elementel
analizin yan sira 6zellikle ahsap hiicre duvarinda 1 pm
hassasliga kadar siilfiir ve demir dagilimin1 haritalamak
icin kullanilabilmektedir. Raman spektroskopisi ile
de ahgaplarda demir-siilfiir bilesiklerinin varliginin
tespiti yapilabilmektedir. XPS (X-Isin1 Fotoelektron
Spektrometresi) analizi ise ahsaplardaki demir
ve siilfiir bilesiklerini tanimlamakta ve siilfiirlin
degerlikleri tespit edilebilmektedir. Bu ydntemlerin
yani sira XANES (X 1511 absorbsiyon spektroskopisi)
ile organik malzemelerin igindeki siilfiir fonksiyonel
gruplarinin  kimyasal hali ve baglarn ile ilgili
spesifik bilgiler ve SXM (Taramali X Ismi1 Spektro-
Mikroskobu) ile ahsapta mikroskobik diizeydeki siilfiir
bilesiklerinin belirlenmesi miimkiin olmaktadir.!® Bu
yontemlerin yanmi sira son yillarda manyetik ol¢iim
yontemleri kullanilarak suya doymus ahsapta demir-
stlfiir bilesiklerinin analizi {izerine c¢aligmalar da
gerceklestirilmektedir!.

10 FORS 2008; FORS vd. 2008; ALMKVIST 2008;
REMAZEILLES vd. 2010; KILIC 2017a; KILIC 2017b;
KILIC — KILIC 2018; MONACHON vd. 2020

11 REMAZEILLES vd. 2016; REMAZEILLES vd. 2019a
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INVESTIGATION OF THE SULFUR PROBLEM THROUGH SHIP-
WRECK EXAMPLES

The data obtained as a result of the studies carried
out in the shipwrecks of Vasa, Mary Rose, Batavia,
Skuldelev, Shinan, Lyon Saint-Georges 4, BZN
(Burgzand) 3 and BZN 15 from abroad, as well as
Yenikapi shipwrecks from Turkey were evaluated
within the scope of this study. Many different
instrumental analyzes are used to detect sulfur-iron
compounds in waterlogged woods. Among them,
XRD (X-ray diffraction) device is used in the leading
method, especially when salt deposits form on
wooden surfaces. Portable XRF (X-Ray Fluorescence
Spectroscopy) devices are used for the detection of iron
and sulfur elements in wood. SEM-EDX (Scanning
Electron Microscope- Energy-dispersive X-ray
spectroscopy) analysis can be used to map the sulfur
and iron distribution up to 1 um sensitivity especially
in the wood cell wall. With Raman spectroscopy, the
presence of iron-sulfur compounds in wood can be
detected. XPS (X-Ray Photoelectron Spectrometry)
analysis, on the other hand, identifies iron and sulfur
compounds in woods and the valences of sulfur can be
analyzed. In addition to these methods, it is possible to
determine the chemical form and bonds of functional
sulfur groups in organic materials and XANES (X-ray
Absorption Near Edge Spectroscopy) and to determine
the microscopic sulfur compounds in wood with SXM
(Scanning X-Ray Spectro-Microscopy).'® In addition
to these methods, studies on the analysis of iron-sulfur
compounds in waterlogged wood have been carried
out using magnetic measurement methods in recent
years'!.

Fig. 1: Mary Rose
Miizesi’nde sergilenen
Mary Rose Batig.

Fig. 1: The Mary Rose
Shipwreck displayed in the
Mary Rose Museum.

10 FORS 2008; FORS et al. 2008; ALMKVIST 2008; REMA-
ZEILLES et al. 2010; KILIC 2017a; KILIC 2017b; KILIC —

KILIC 2018; MONACHON vd. 2020
11 REMAZEILLES et al. 2016; REMAZEILLES et al. 2019a



VASA BATIGI

Vasa Batigi'nda 2000 yilinda % 65’in iizerinde
seyreden bagil nem sonrasi, ahsaplarda beyaz— sar1
renkte tuz cokeltilerinin tespit edilmesi ile suya
doymus ahsapta siilfiir problemi iizerinde yiiriitiilen
caligmalar hiz kazanmistir. Aslinda PEG emdirme
sonrasinda ahsaplar kururken de iizerlerinde tuz
birikintileri olugsmaya baslamis fakat bu birikintiler
ahsaplardan sadece mekanik olarak uzaklagtirilmistir.
Yiiriitillen analiz ¢aligmalari ile ahsaplardaki asiditenin
arttig1 belirlenmis, bunun temel nedeninin ise ahsap
icerisindeki siilfiirik asitin oldugu tespit edilmistir. Bu
asamada ahsaplarda bozulma siirecini hizlandiran bir
diger faktoriin ise konservasyon i¢in kullanilan PEG
ile Vasa Batigi’nin baglant1 elemanlarinda kullanilan
demirin tepkimeye girmesi oldugu anlasilmistir.
Vasa Batiginin ahsaplarinda gergeklestirilen pH
olciimleri neticesinde ahsaplarin pH degeri 2 olarak
Olcililmustiir. Ayrica gerceklestirilen XRD analizleri
ile batik yiizeyindeki tuzlarin bir dizi hidratlanmig
demir siilfat, jips ve elementel siilfiir oldugu tespit
edilmistir. Vasa ahsaplarinda gergeklestirilen XRF
cizgi taramasi sonucunda silfiirin neredeyse
tamaminin ahgabin dig yiizeyinde biriktigi belirlenmis
olup batik ahsaplarin bozulmus kisimlarinda kiitlece
% 10’u asan miktarda demir ve siilfir bulundugu
tespit edilmisti. SEM-EDX analizi ile silfir ve
demir elementlerinin hiicre duvarindaki mikroskobik
dagilimi belirlenmistir. Ayrica XANES, XPS ve SXM
analizleri ile ahsaplarda okside olmus, indirgenmis ve
elementel halde siilfiir tespit edilmistir. Sonug olarak
batigin, kendi kiitlesinin ortalama % 1’ini olusturan 2
ton stilfiir icerdigi hesaplanmustir.'®

MARY ROSE BATIGI

Vasa Batigi’'nda oldugu gibi Mary Rose Batigi’nda
da demir ve siilfiir tuzlarindan kaynaklanan sorunlar
yasanmustir (Fig. 2). Mary Rose’un ahsaplarinda
stilfiir dagilimimin daha diizenli oldugu belirlenmistir.
Okside olmus siilfiirlin, batigin ahsaplarinda 12
mm derinlige kadar niifus ettigi tespit edilmistir.
Batikta bulunan siilfir miktar1 kiitlece % 1 olarak
hesaplanmistir. Bu durum batikta yaklagik iki ton
stilfiir oldugunu ortaya koymustur. Batik kiitleleri
cok farkli olmasina ragmen Vasa ve Mary Rose’un
toplam siilfiir miktarlarinin birbirine ¢ok yakin oldugu
belirlenmistir. Bununla beraber batik ahsaplariin
yapisindakidemir dagilimiise farklilik gostermektedir.

12 ALKMVIST 2008; ELDING 2011; GIORGI vd. 2005
13 HOCKER 2006; HAFORS 2010; GODFREY vd. 2011;
HOCKER vd. 2012; FORS 2008; FORS — SANDSTROM 2006
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THE VASA SHIPWRECK

After the relative humidity of over 65% in the Vasa
Shipwreck in 2000, the studies carried out on the
sulfur problem in waterlogged wood have been
accelerated by the detection of white-yellow salt
sediments on the wood. In fact, salt deposits started
to form on the wood after PEG impregnation, but
these deposits were only mechanically removed.
With the analysis conducted, it was determined that
the acidity in the wood increased, the main reason for
this was the sulfuric acid in the wood. At this stage,
it was understood that another factor that accelerated
the deterioration process in wood was the reaction
of iron used in the fasteners of Vasa Shipwreck with
the PEG used for conservation.'? Based on analysis
the pH value of the wood of Vasa shipwreck was 2.
In addition, XRD analysis revealed that salts on the
surface of the shipwreck were a series of hydrated
iron sulfate, gypsum and elemental sulfur. As a
result of XRF line scanning performed on the wood
of Vasa, it was determined that almost all of the
sulfur was accumulated on the surface of the wood,
and there was an amount of iron and sulfur in the
degraded parts of the waterlogged wood in excess of
10% by mass. The microscopic distribution of sulfur
and iron elements in the cell wall was found through
SEM-EDX analysis. In addition, in XANES, XPS
and SXM analyzes, oxidized, reduced and elemental
sulfur were detected. As a result, it is calculated
that the shipwreck contains 2 tons of sulfur, which
makes up an average of 1% of its mass."

MARY ROSE SHIPWRECK

As in Vasa Shipwreck, Mary Rose Shipwreck also
had problems arising from iron and sulfur salts
(Fig. 2). Ithas been determined that the distribution of
sulfur is more regular in the timbers of Mary Rose. It
has been determined that oxidized sulfur penetrates
the wood of the shipwreck to a depth of 12 mm. The
amount of sulfur in the shipwreck was calculated as
1% by mass. This situation revealed that there were
about two tons of sulfur in the shipwreck. Although
the masses of the shipwrecks are very different, it is
determined that the total sulfur amounts of Vasa and
Mary Rose are very close to each other. However,
the distribution of iron in the wood of shipwrecks
varies. While the amount of iron is lower in light
colored wood, this amount is higher in dark colored

12 ALKMVIST 2008; ELDING 2011; GIORGI et al. 2005
13 HOCKER 2006; HAFORS 2010; GODFREY et al. 2011;
HOCKER et al. 2012; FORS 2008; FORS - SANDSTROM 2006
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Acik renkli ahsaplarda demir miktar1 azalirken, koyu
renkli bozulmus ahsaplarda bu miktar artig gostermistir.
Batik ahsaplarinin bozulmus kisimlarinda siilfiir-demir
bilesiklerinin yani sira ¢inkonun da bulundugu tespit
edilmigtir, 13

BATAVIA BATIGI

Batavia Batig1 ahsaplarindaki demir ve siilfiir kalintilart
XRD, XPS ve XANES yontemleri ile analiz edilmistir.
En yiiksek siilfiir ve demir miktar1 ¢am 6rneklerinin
yiizeyinde, sirastyla % 6 ve % 25, mese orneklerde ise
% 4 ve % 7 olarak tespit edilmistir. Batavia Batig1’'nda
yiiksek oranda pirit bulunmasi batigin, demir siilfiir
nedeniyle biiyiik tehdit altinda oldugunu ortaya koymus
ayrica batikta yiiksek asiditeye sahip ahsaplar tespit
edilmistir. Batavia’da bu sorun dzellikle iklimlendirme
sistemi bozuldugu dénemlerde ortaya ¢ikmigtir.'s

degraded wood. In addition to sulfur-iron compounds,
zinc was found in the degraded parts of the wood
from the shipwreck.'*!3

BATAVIA SHIPWRECK

Iron and sulfur residues in the wood from Batavia
Shipwreck were analyzed by XRD, XPS and XANES
methods. The highest amount of sulfur and iron was
6% and 25% on the surface of the pine samples,
and 4% and 7% on oak samples, respectively. The
presence of high pyrite in the Batavia Shipwreck
revealed that the shipwreck was under great threat
due to iron sulfide, and wood with high acidity were
detected in the shipwreck. In Batavia, this problem
occurred especially during the periods when the air
conditioning system broke down.!®

Fig. 2: Mary Rose Batig1 iizerinde gerceklestirilen XRF ¢alismalari.

Fig. 2: XRF analyses performed on the Mary Rose Shipwreck.

14 WETHERALL vd. 2008; FORS 2008; SANDSTROM vd.

2005a; SANDSTROM vd. 2005b; ALURI vd. 2020
15 Mary Rose Batiginda 2019 yilinda Prof Eleanor Schofield

damsmanliginda Dr. Ogr. Uyesi Namik Kilig ile birlikte
gerceklestirilen post-doktora calismalari kapsaminda batik
ahsaplarinda elementel analiz ¢aligmalari yapilmis olup ¢alisma

sonuglart yayin hazirlik agamasindadir.
16 FORS — SANDSTROM 2006; JALILEHVAND vd. 2001;

GODFREY vd. 2011
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14 WETHERALL et al. 2008; FORS 2008; SANDSTROM et al.

2005a; SANDSTROM et al. 2005b; ALURI et al. 2020
15 Elemental analysis studies have been done on the wood

samples from the Mary Rose shipwreck in 2019 with the consul-
tancy of Prof Eleanor Schofield together with Dr Namik Kilig,
within the scope of post-doctoral studies, and the study results

are in the preparation stage of publication.
16 FORS — SANDSTROM 2006; JALILEHVAND et al. 2001;

GODFREY et al. 2011



SKULDELEV BATIKLARI

1970’1i yillarda Skuldelev batiklarinda ahsaplarda
beyaz toz birikintilerinin meydana geldigi
gozlemlenmis ilk olarak ¢ok Onemsenmeyen bu
sorun i¢in sonrasinda gergeklestirilen analizler ile bu
tozlarin hidrath demir siilfat oldugu tespit edilmistir.
Iklimlendirme sisteminin calistigi donemlerde bu
sorunun yasanmadig1 gézlemlenmistir.'’

SHINAN BATIGI

Konservasyonu PEG ile gerceklestirilen Shinan
Batigi’nin yapiminda demir birlestirme elemanlar
kullanilmigtir. Batik ahsaplarinda asidite kaynakli
bozulmalar 2010 yilinda tespit edilmis olup bu
sorun yiliksek bagil nem ve sicakligin oldugu yaz
mevsiminde meydana gelmistir. 2018 yilinda
baglatilan bir proje ile batik ahsaplarinda daha
detayli analizler yiirlitiilmistiir. Sar1  kristal
olusumunun meydana geldigi ahsaplarda yapilan pH
Ol¢timlerinde 2,5 ve altinda degerler belirlenmistir.'®

LYON SAINT-GEORGES 4

Lyon Saint-Georges 4 Batigi’na ait ahsaplarda PEG
ile konservasyon caligmalar1 6ncesinde demir-siilfiir
bilesiklerinin varligi tespit edilmis olup demir baglantt
elemanlar1 ahsaplardan uzaklastirilmistir.  Emdirme
oncesi ve sonrasinda ahsaplarda pH o6l¢limlerinin
yan1 sira  SEM-EDX, Raman spektroskopisi,
XRD ve manyetik Ol¢lim yontemleri ile analizler
gerceklestirilmistir. Emdirme sonrasi gergeklestirilen
pH olciimlerinde batik ahsaplarmin pH degeri 4,5-
5,5 arasinda Ol¢iilmiistiir. Fakat emdirme sonrasinda
ahsaplarda pirit varliginin yiiksek oranda bulunmaya
devam ettigi tespit edilmistir."

BZN 3 AND BZN 15 BATIKLARI

Wadden Denizi’nde in situ olarak korunmakta olan
BZN 3 ve BZN 15 batiklarmin oldugu alanlardan
alman ahsaplarda yliksek miktarda pirit oldugu
belirlenmistir. BZN 15 batik alanindan alinan
ahsaplarda % 1,1- 2,3 demir ve % 0,8- 2,4 kiikiirt
bulundugu tespit edilmistir.?

17 GODFREY vd. 2011; MORTENSEN vd. 2018
18 GODFREY vd. 2011; KIM — PARK 2020

19 REMAZEILLES vd. 2019b
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SKULDELEV SHIPWRECKS

In the 1970s, white dust deposits were observed in
the wood of Skuldelev, and it was initially ignored,
but the analyses revealed that the deposit belonged
to hydrated iron sulfate. It was observed that this
problem was not experienced during the periods
when the air conditioning system was operating.!”

SHINAN SHIPWRECK

The Shinan Shipwreck, conserved with PEG,
contains iron joining elements. Acidity-related
deterioration in the waterlogged woods was detected
in 2010, and this problem occurred in the summer
season when high relative humidity and temperature
played an important role in its degradation. With a
project launched in 2018, more detailed analyzes
were conducted on the wood of shipwrecks.
Measurements made in wood where yellow crystal
formation occurred, yiclded pH 2.5 and below.'®

LYON SAINT-GEORGES 4

Presence of iron-sulfur compounds was determined
and removed from the wood of Lyon Saint-
Georges 4 Shipwreck before PEG impregnation. In
addition to pH measurements, SEM-EDX, Raman
spectroscopy, XRD and magnetic measurement
methods and analyzes were performed in wood
before and after impregnation. In measurements
performed after impregnation, the pH value of the
wood from the shipwreck was between 4.5-5.5. But
after the impregnation, it was found that the presence
of pyrite in the wood continued to be at a high rate."”

BZN 3 AND BZN 15 SHIPWRECKS

High amounts of pyrite was identified in the wood
samples taken from the location where the BZN 3
and BZN 15 shipwrecks are preserved in sifu in the
Wadden Sea. Wood samples taken from BZN 15
shipwreck site contained between 1.1% to 2.3% iron
and between 0.8% to 2.4% sulfur.?

17 GODFREY et al. 2011; MORTENSEN et al. 2018
18 GODFREY et al. 2011; KIM — PARK 2020

19 REMAZEILLES et al. 2019b

20 MANDERS 2017

139



TINA

YENIKAPI BATIKLARI

Yenikap1 Batiklar1 Projesi Bagkani Prof. Dr. Ufuk
Kocabag danismanliginda tamamlanan doktora
tezi kapsaminda Yenikap:1 Batiklarindan YK 8,
YK 16, YK 18, YK 20, YK 21, YK 27 ve YK
31 batiklarma ait bazi ahsaplar iizerinde PEG
ile emdirme ¢aligmalarina baslamadan Once
XRF, SEM-EDX ve XPS yontemleri ile analiz
caligmalart gergeklestirilmistir. Ayrica 6rneklerin
pH degerleri ol¢iilmiistiir (Fig. 3). Karsilastirma
ve degerlendirme yapilabilmesi i¢in Orneklerin
korozyonlu kisimlar ile korozyon firiinlerine
uzak kisimlardan alimmasina dikkat edilmistir.
Gergeklestirilen XRF analizleri ile oranlar
degismekle birlikte tiim 6rneklerde demir ve siilfiir
varligi tespit edilmistir. SEM-EDX haritalama
analizi sonucunda da siilfiiriin ahsap ylizeylerinde
genellikle homojen dagilim gosterdigi, demirin
ise birikmeler yaptigi saptanmisti. XPS analizi
sonucunda ahsaplarda elementel siilfiir ve okside
olmus siilfiir ve demir siilfiirlerin bulundugu
tespit edilmistir. Batik ahsaplarinda Raman
analizi de gergeklestirilmis olup anlamli bir
sonuca varilamadigindan sonraki dénemlerde yeni
analizler ile denemeler yapilmasi planlanmistir.
Ayrica YK 16 batigindan alinan farkli 6rnekler
ve YK 29 batigindan alinan Ornekler iizerinde
lisansiistii 6grencileri tarafindan XRF yontemi ile
demir ve siilfiir analizleri stirdiiriilmektedir.
Batiklarda PEG emdirmesi oncesinde
demir korozoyonunun bulundugu alanlarda
mekanik ve kimyasal temizlik uygulamalari
gerceklestirilmektedir.Konservasyonu tamamlanan
YK 1 ve YK 12 batiklarina ait ahsaplarda pH
Ol¢iimleri gerceklestirilmekte olup ahsaplarda
asidite sorununa rastlanmamuistir.?! Konservasyonu
tamamlanan batiklar tizerinde XRD ile yapilan
analiz c¢aligmalari devam etmektedir. Ayrica
konservasyonu tamamlanan batiklarda taginabilir
XRF cihaz1 ile yiizey taramalar1 ve ahgabin
korundan alinacak oOrnekler ile derinlik-element
analizlerinin yapilmasi1 planlanmaktadir.

Caligma kapsaminda ele alinan batiklarin yani sira
Bremen Teknesi ve Ma’agan Mikhael Batiklarinda
da uzmanlar tarafindan gerceklestirilen ileri aletli
analiz sonuglari incelenmis ve diger batiklardan
farkli olarak bu batiklarin diisiik oranda stlfiir
icerdigi tespit edilmistir.??

21 KILIC 2017a; KILIC 2019
22 SEGAL vd. 2009; SANDSTROM vd. 2005a
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YENIKAPI SHIPWRECKS

Before starting the PEG impregnation studies on the
wood samples from the YK 8, YK 16, YK 18, YK
20, YK 21, YK 27 and YK 31 shipwrecks, analyzes
were carried out with XRF, SEM-EDX and XPS
methods. The analyses were conducted within the
scope of a doctoral thesis under the consultancy
of Prof. Dr. Ufuk Kocabas, Director of Yenikap1
Shipwrecks Project. In addition, pH values of the
samples were measured (Fig. 3). In order to make
comparisons and evaluations, particular attention
was paid to sampling from sections apart from the
corroded parts and corrosion products. Presence of
iron and sulfur was detected in all samples, although
the XRF analyzes revealed varying rates. As a result
of SEM-EDX mapping analysis, it was determined
that the sulfur generally showed a homogeneous
distribution on the wooden surfaces, whereas the
iron showed spots of accumulation. As a result
of XPS analysis, elemental sulfur and oxidized
sulfur and iron sulfides were found in the wood.
Raman analysis was also performed on the wood
samples from shipwrecks, and since no significant
conclusion could be reached, new analyzes and
experiments were planned to be performed in the
following periods. In addition, graduate students
continue to analyze iron and sulfur by using XRF
method on samples taken from YK 16 and YK 29
shipwrecks.

Before the PEG impregnation of wood, mechanical
and chemical cleaning applications are carried out
in the areas where the iron corrosion is present. PH
measurements are performed on the wood samples of
YK 1 and YK 12 shipwrecks following completion
of conservation work, and no acidity problem
was identified.?’ XRD analyzes on samples from
shipwrecks are ongoing following the completion
of their conservation work. After the completion of
conservation work, it is planned to carry out surface
scans on shipwrecks with the portable XRF device,
and depth-element analysis will be performed on
samples to be taken from the core of the wood.

In addition to the shipwrecks discussed within
the scope of the study, the results of instrumental
analysis, which were performed by experts in
Bremen Boat and Ma’agan Mikhael Shipwrecks,
were examined, and found out that, unlike other
shipwrecks, these contained lower levels of sulfur.??

21 KILIC 2017a; KILIC 2019
22 SEGAL et al. 2009; SANDSTROM et al. 2005a



Fig. 3: Yenikap1 Batiklar1 tizerinde gerceklestirilen pH 6lgiimil.

Fig. 3: pH measurement performed on Yenikapi Shipwrecks.

SONUC VE DEGERLENDIRME

Suya doymus ahsapta meydana gelen stilfiir kaynakli
problemler incelendiginde sorunun ¢ozimi igin
konservasyonun  farkli  basamaklarinda  cesitli
islemlerin yapilmasiin uygun oldugu goriilmektedir.
Oncelikle batik ahsaplarmin konservasyon ¢alismalari
PEG yontemi ile gerceklestirilecekse ahsaplardaki
korozyonlu bolgelerin mekanik ve kimyasal temizlik
yontemleri ile uzaklastirilmas: gerekmektedir (Fig.
4). Kimyasal temizlikte 1970’li yillarda hidroklorik
asit kullanilarak baslanan demir ekstraksiyon
caligmalari, giiniimiizde giicli demir selatlari
olan EDTA (Etilendiamin tetraasetik asit), EDMA
(Etilen dimetakrilat), DTPA (Dietilen triamin penta
asetik asit) ve . EDDMHA’in (Etilendiamin-N,N’-
di[(orto-hidroksimetilfenil) asetik asit]) kullanildig
yontemlerle devam etmektedir.* Ayrica demir selat
¢oOzeltileri ile az bir miktarda da olsa siilfiirtin ekstrakte

23 UNGER vd. 2001; ALMKVIST, vd. 2013
24 ALMKVIST — PERSSON 2006
25 KILIC 2017a
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edildigi de bilinmektedir.** Bu uygulamalarin yani
sira PEG emdirme ¢ozeltisine Hostacor IT® katilmasi
ya da tankta iyon tutucu regineler kullanilmasi gibi
yontemlerle emdirme siirecinde meydana gelecek
reaksiyonlarin oniine gegilebilmesi amaglanmaktadir.
Fakat tim bu uygulamalara ragmen ozellikle
ahsaplarin yapisinda bulunan elementel siilfiir ve
demir stlfiirler okside olarak siilfirik asit olusumuna
neden olabilmektedir. Bu durumda ahsaplarda
notralizasyon uygulamalari yapilabilmektedir.” Fakat
bu uygulamalarin da beraberinde getirdigi problemler
mevcuttur. Calisma kapsaminda incelenen Ornek
batiklarda ahsaplarda meydana gelen asitli alanlar ile
ortamin bagil nemi arasinda ¢ok yakin bir baglanti
oldugu belirlenmistir. Bu nedenle ahsaplarda asidite
sorununun yasanmamasi i¢in Onleyici koruma
caligmalarinin da koruma g¢aligmalarinin 6énemli bir
pargasi olmasi gerektigi sonucu da ortaya ¢ikmaktadir.

14]



Fig. 4: Yenikap1 Batiklarinda kullanilmak {izere hazirlanan demir selat ¢ozeltileri.
Fig. 4: Iron chelate solutions prepared to be used on Yenikapi Shipwrecks.

CONCLUSION AND EVALUATION

The sulfur-related problems that occur in waterlogged
wood suggest that various operations should be
performed at different stages of conservation to solve
these. First of all, if the conservation work on the wood
from shipwreck will be carried out by PEG method,
the corroded areas in the wood must be removed by
mechanical and chemical cleaning methods (Fig. 4).
Iron extraction work, which were part of the chemical
cleaning, started using hydrochloric acid in the 1970s.
Nowadays the methods involve the usage of strong
iron chelates EDTA (Ethylenediamine tetraacetic
acid), EDMA (Ethylene dimethacrylate), DTPA
(Diethylene triamine penta acetic acid) and EDDMHA
(Ethylenediamine-N, N ‘-di [(ortho-hydroxy methyl
phenyl) acetic acid]).® It is also known that a small
amount of sulfur is extracted with iron chelate

23 UNGER et al. 2001; ALMKVIST, et al. 2013
24 ALMKVIST — PERSSON 2006
25 KILIC 2017a
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solutions.** In addition to these applications, it is
aimed to prevent reactions that may occur during the
impregnation process by adding Hostacor IT® to the
PEG impregnation solution or using resins that contain
ion-trapping agents in the tank. However, in spite of all
these applications, elemental sulfur and iron sulfides
in the wood can be oxidized causing formation of
sulfuric acid. In this case, neutralization can be applied
on the wood.”® However, there are some problems
brought about by these applications. It is determined
that there is a very close connection between the acidic
areas occurring in the wood sampled from shipwrecks
examined within the scope of the study and the relative
humidity of the environment. For this reason, it is also
concluded that preventive conservation works should
also be an important part of conservation studies in
order to avoid acidity problems in woods.
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SUYA DOYMUS AHSAPTA GERCEKLESTIRILEN
TEMEL ANALIZ UYGULAMALARI

FUNDAMENTAL ANALYSES PERFORMED
ON THE WATERLOGGED WOOD

* Namik Kili¢

Anahtar kelimeler: Suya doymus ahsap, analiz, konservasyon, bozulma, yogunluk, goriintiileme.
Keywords: Waterlogged wood, analysis, conservation, degradation, density, imaging.

OZET

Bu makalenin amaci, suya doymus ahsap lizerinde
gerceklestirilen bazi temel analiz uygulamalari ile
elde edilen verilerin neler oldugu ve bunlarin han-
gi amaglarla kullanilabildigi ile ilgili bilgi vermek-
tir. Giiniimiizde teknolojik gelismeyle birlikte suya
doymus ahsap eserlerin analiz c¢alismalarinda pek
cok farkli ve yeni yontem kullanilmaktadir. Ancak
bu makale kapsaminda bu analizler arasinda en ¢ok
tercih edilen temel analiz uygulamalarmin verilmesi
amaclanmistir. Bu analizlerin gergeklestirilmesindeki
amag, genellikle suya doymus ahsabin &zelliklerini
karakterize etmek, bir anlamda bozulmaya ugramis
yapiyt aydinlatmak ve koruma g¢aligmalarini uygun
bir sekilde yonetmektir. Degerlendirmeye alinan sz
konusu analizler; maksimum su igerigi, yogunluk, ah-
sap madde kaybi, fourier transform infrared spektros-
kopisi (FTIR), taramali elektron mikroskobu (SEM),
taramal1 elektron mikroskobu (SEM) enerji dagiliml
X1smi spektroskopisi (EDX), radyografik metotlar, X
1s1n1 floresans spektroskopisi (XRF) ve X 1gin1 kirmi-
mi1 (XRD) analizleridir.

ABSTRACT

The objective of this article is to explain the data
obtained by some fundamental analyses performed
on waterlogged wood, and the ways of utilizing
this data. Today, thanks to state-of-art technology,
many different and new methods are used in the
analysis of waterlogged wooden artifacts. However,
this article aims to provide the most preferred basic
analytical practices among all. The purpose of
carrying out these analyses is mainly to characterize
the properties of waterlogged wood, understand the
degradation level of its nature and properly manage
the conservation work. The analyses taken into
consideration are: maximum water content, basic
density, loss of wood substance, fourier transform
infrared spectroscopy (FTIR), scanning electron
microscopy (SEM), scanning electron microscope
(SEM) energy dispersed X-ray spectroscopy
(EDX), radiographic methods, X-ray fluorescence
spectroscopy (XRF) and X-ray diffraction (XRD)
analysis.

*Dr. Ogr. Uyesi Namuk KILIC, Orcid ID: 0000-0002-6353-6916. istanbul Universitesi Edebiyat Fakiiltesi Sualti Kiiltiir

Kalintilarim1 Koruma Anabilim Dali.
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GIRIS

Suya doymus ahsabin koruma-onarim siirecini gercek-
lestirebilmek i¢in bozulmus durumdaki ahsabin 6zellik-
lerinin ve problemlerinin ¢ok iyi derecede karakterize
edilmesi gerekmektedir. Bu karakterizasyon bozulmus
ahsabin, bozulmaya ugramadan once kaybetmis oldugu
ozelliklerinin belki de bir bdliimiinii ona yeniden kazan-
dirmak i¢in olduk¢a 6nemlidir. Dolayisiyla ahsabin han-
gi ozelliklerinin ne oranda degisime ugradigini bilmek,
gerceklestirilecek koruma stratejisini belirleyerek, koru-
ma islemlerinin bu alanlarda siirdiiriilebilmesini sagla-
yacaktir. Bu analizler ayrica koruma sonrasinda ahsabin
zamanla degisen veya bozulmaya ugrayan bazi ézellik-
lerinin anlasilabilmesi i¢in de kullanilarak, aslinda eser
var oldugu miiddetce bakim siireglerinin bir pargasi ol-
maktadir. Bu agidan degerlendirildiginde s6z konusu
analiz uygulamalari, eserlerin ilk bulundugu asamada
baslayip konservasyon, sergileme veya depolama asa-
masindaki bakim siireglerinde dahi devam eden oldukca
genis kapsamli ¢alismalardir. Tarihsel gelisimi agisindan
degerlendirildiginde baslangicta oldukca sinirh aletler-
le gergeklestirilen bu galigmalar, giiniimiizde teknolojik
gelisime paralel olarak farkli disiplinlerdeki analizlerin
kiiltiirel mirasin karakterizasyonu ve korunmasina uyar-
lanmastyla oldukca zenginlesmistir. Burada s6z konusu
analiz uygulamalarinin tamamini vermek yerine, suya
doymus ahsabin bozulma durumunu, o6zelliklerini, bo-
zulmusg yapinin degerlendirilmesinin anlasilmasina yara-
yan ve daha fazla tercih edilen genel analizler iizerinde
durulmustur.

MAKSIMUM SU ICERIGI

Maksimum su igeriginin analizi (Umax), suya doymus
ahsabin fiziksel durumunu degerlendirmek i¢in en gok
tercih edilen basit bir analiz teknigidir. Bu yontemde,
suya doymus ahsabin maksimum su igeriginin tespit
edilebilmesi amaciyla ahsaptan ornekler alinmaktadir.
Ahsaptaki su miktar1 odun dokusunun hasar derecesine
bagli olarak cogunlukla diizensiz bir sekilde degistigin-
den, su miktarinin ve su dagiliminin ayni ahgabin degisik
boliimlerinden alinan 6rnekler ile tespit edilmesi gerek-
mektedir. Bu yiizden ahsabin farkli alanlarindan alinan
orneklerle su dagilimimin dogru bir sekilde hesaplanmasi
amaglanmaktadir. Alinan 6rneklerin 1slak agirligi hassas
terazi ile 6lciilmekte ve hesaplama icin gereken drnekler
daha sonra firin igerisinde kurutulmaktadir.

S6z konusu yontemde maksimum su igeriginin tespit
edilebilmesi amaciyla agagidaki formiil kullanilmakta-
dir.! Kurutulan 6rnekler desikator icerisinde oda sicakli-
gina geldiginde tekrar tartilmakta ve maksimum su igeri-
gi % degerinde hesaplanmaktadir.

1 JELIC 2011
2 McCONNACHIE vd. 2008
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INTRODUCTION

In order to perform conservation/restoration process
of waterlogged wood, it is necessary to characterize
the properties and problems of the degraded wood
very well. This characterization is very important in
regaining some of the properties of the wood that has
been lost before it has degraded. Thus, knowing which
properties of the wood have changed to what extent will
enable us to determine the preservation strategy to be
used and act accordingly. Additionally these analyses
can also be used throughout the lifespan of the artifact,
and make part of its maintenance process, particularly
to explore the properties of the wood that transform
or degrade following the conservation process through
time. Analysis studies are comprehensive and start
with the exploration of artifacts and continue with the
maintenance processes during conservation, exhibition
and storage. Considering its historical development,
these studies, which were carried out with very limited
instruments at the beginning, have become enriched
by adapting the analyses in different disciplines to the
characterization and preservation of cultural heritage
in parallel with the technological development. Here,
our focus is rather on the degradation status, and the
properties of waterlogged wood, the evaluation and
understanding of the degraded structure, and the
preferred analyses, and not all of the analysis practices
are in question.

MAXIMUM MOISTURE CONTENT

Analysis of maximum moisture content (Umax) is the
most preferred simple analysis technique for evaluating
the physical condition of waterlogged wood. In this
method, samples are taken from the waterlogged wood
in order to determine the maximum water content. Since
the amount of water in wood often changes irregularly
depending on the degree of damage to the wood fibre,
the amount of water and water distribution must be
determined by samples taken from different parts of
the same wood. Therefore, it is important to accurately
calculate the distribution of water with samples taken
from different parts of the wood. The wet weight of
the samples taken is measured with precision scales
and the samples required for calculation are then dried
in the oven.

Then, the following formula is used to determine
the maximum water content.! The dried samples are
weighed again when they reach room temperature in
the desiccator, and then maximum water content is
calculated in percentage value.’

1 JELIC 2011
2 McCONNACHIE et al. 2008
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%U_ =[(A-B)/B]x100
A: Islak 6rnegin kiitlesi, B: Kuru 6rnegin kiitlesi

Yapilan hesaplamalara gore bulunan su miktari

% 400%0in tzerindeyse ahsaplar 1. sinif, % 185-400
arasinda ise 2. smif ve % 185’in altinda ise 3. simf
bozulmaya ugramis ahsap olarak degerlendirilmek-
tedir.?

YOGUNLUK VE AHSAP MADDE KAYBI

Bu yontemde ahgabin yogunlugunun belirlenebilme-
si amactyla drnek, bir ignenin ucunda biitin goze-
nekleri su ile dolu iken tartilmakta ve maksimum su
iceriginin tespit edildigi yontemde oldugu gibi firin
icerisinde kurutulmaktadir.

Uygulamada asagidaki formiil kullanilmaktadir.

BD =m/V,

BD: Yogunluk (g/cm?),

md: Ornegin firn kurusu kiitlesi (g),

Vw: Suya doymus 6rnegin hacmi (cm®)*

Bu yontemde elde edilen yogunluk verileri kulla-
nilarak ahsapta meydana gelen madde kayb tespit
edilmektedir. Burada elde edilen veriler bozulmus
ahgapla bozulmaya ugramadan 6nceki ahgap arasin-
da karsilastirma yapilmasina imkan tanidigindan,
ahsaptaki bozulmanin matematiksel olarak tespit
edilmesine de olanak tanimaktadir.>¢ Bu sayede suya
doymus ahgapta meydana gelen bozulma daha anla-
stlir bir sekilde tanimlanmaktadir. Ahsaptaki madde
kaybi (%) asagidaki formiil ile hesaplanmaktadir.”

dreferans ahsap - dsuya doymus ahsap
%100

A
Ahgap madde kayb1 (%) F——
dsuya doymus ahsap: Suya doymus ahsap 6rnegin yo-
gunlugu (g/cm?),
dreferans ahsap: Referans ahgap 6rnegin yogunlugu
(g/cm®).

3 HAMILTON 1999

4 BABINSKI vd. 2014

5 KILIG-KILIC 2019b

6 GRATTAN 2000

7 ENGLISH HERITAGE 2010

%U =[(A-B)/B]x 100

max

A: Mass of wet sample, B: Mass of dry sample

According to the calculations, if the amount of water found
is over 400%, the degradation on the wood is considered
as class I, if 185-400%, class II and below 185% it’s a
class IIT degradation.?

BASIC DENSITY AND LOSS OF WOOD SUBSTANCE

In this method, in order to determine the basic density of
the wood, the sample is weighed on one end of a needle
while all its pores are filled with water and dried in the
oven in a similar method where the maximum water
content is determined.

This method uses the following formula:
BD=m/V

BD: Density (g/cm?),

m,: For example, oven dried mass (g),
V_: Waterlogged sample volume (cm’)*

By using the basic density data obtained with this method,
the loss of wood substance is detected. Since the data
obtained here allows comparisons between degraded
wood and the wood prior to degradation, a mathematical
calculation approach for detecting the degradation in the
wood is logical.>® Thus making the level of degradation in
the waterlogged wood more understandable. Loss of wood
substance (%) is calculated by the formula below.’

Loss of wood substance (%)= d

reference wood piece - waterlogged wood
pree £ x100

waterlogged wood

: Density of the waterlogged wood sample (g/

waterlogged wood "

cm?),
: Density of the reference wood piece (g/

reference wood piece

cm?®).

3 HAMILTON 1999
4 BABINSKI et al. 2014

5 KILIC-KILIC 2019b

6 GRATTAN 2000

7 ENGLISH HERITAGE 2010
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FOURIER TRANSFORM INFRARED SPEKTROSKOPISI (FTIR)
ANALIZLERI

FTIR analizi, numuneden gegirilen kizildtesi 1ginin ab-
sorbsiyonu ile olusan kimyasal baglarin titregiminin 61-
c¢lilmesi prensibine dayanmaktadir. Kimyasal baglarin
titresimlerindeki degisim spektral bantlarin meydana
gelmesini saglamaktadir. Her fonksiyonel grup kendi-
ne 6zgii titresim sikligma sahip olup ayni zamanda her
kiziltesi 151n dizisi (spektrum) de kendine ozgiidiir.
Giinlimiizde suya doymus ahsabin bozulma siirecinin
anlasilmasinda FTIR analizi yaygin olarak kullanilmak-
tadir. Bu analiz, ahsap malzemede onun tiim bilesenleri-
ni ayni anda analiz etmeye olanak tantyan kullanigh bir
tekniktir. FTIR ile ahsabin kimyasal bilesimi ile ilgili
yapisal bilgiler elde edilerek, kimyasal olarak islem gor-
mils veya emdirme islemine alinmis ahsap malzemedeki
degisimlerin anlagilabilmesi de miimkiindiir.® Bu a¢idan
degerlendirdigimizde drnegin polietilen glikol veya me-
lamin formaldehit emdirilmis ahsapta s6z konusu kim-
yasalin varlig1 bu yontemle belirlenebilmektedir.” Suya
doymus ahsapta kullanim kolayligindan dolay1 yogun
olarak kullanilan FTIR-ATR ile toz numuneler veya kii-
ciik ahsap pargalart direkt olarak analiz edilebilmekte-
dir. Bu yontem ile ¢ok kiigiik numunelerin (100 um? ye
kadar) analizi yapilabilmekte, ahsabin farkli kimyasal
bilesenlerinin, lignin, seliiloz ve hemiseliiloz oranlarini
belirleyen bir spektrum elde edilmektedir. S6z konusu
spektrum, ahgabin kimyasal durumunun degerlendiril-
mesi amaciyla kullanilabilmektedir.'“"" Analiz kapsa-
minda suya doymus ahsap drnekleri, bozulma sonrasi
meydana gelen kimyasal degisimin anlasilabilmesi i¢in
saglam durumdaki referans orneklerle karsilagtirma ya-
pilarak degerlendirilmektedir.

§ "

8 FORS - RICHARDS 2010

9 KILIC-KILIC 2019a

10 ENGLISH HERITAGE 2010
11 PUCETAITE 2012
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FOURIER TRANSFORM INFRARED SPECTROSCOPY (FTIR)
ANALYSES

FTIR analysis is based on the calculation of chemical
bond vibration deriving from the absorption of the
infrared beams sent through the sample. Vibration
change in chemical bonds leads to the formation of
spectra. Each functional group has its own vibration
frequency, and each infrared ray array (spectrum) is
unique. Today FTIR analysis is widely used to understand
the degradation process of waterlogged wood. This is a
handy technique that allows all components of the wood
material to be analysed simultaneously. It also allows to
understand the changes in the wood material that has
been chemically treated or impregnated by obtaining
structural information about the chemical composition
of the wood through FTIR analysis.® Considering this,
we might also be able to determine the presence of the
chemical in the wood impregnated with polyethylene
glycol or melamine formaldehyde by using the same
method.” Due to its ease of use in waterlogged wood,
powder samples or small pieces of wood can be
analysed directly with FTIR-ATR. With this method, it
is possible to analyse even very small samples (up to 100
um?) and obtain a spectrum that determines the ratios of
lignin, cellulose and hemicellulose in different chemical
components of wood. The spectrum in question can be
used to assess the chemical composition of wood.!*!
As part of the analysis, waterlogged wood samples
are evaluated by comparing them with solid reference
samples to understand the chemical change that occurs
after deterioration.

Fig. 1: Ahsabin analiz ¢alis-
malarinda yaygin olarak kul-
lanilan ATR-FTIR cihazi.

Fig. 1: ATR-FTIR device
widely used in the analysis of
wood.

8 FORS — RICHARDS 2010

9 KILIC-KILIC 2019a

10 ENGLISH HERITAGE 2010
11 PUCETAITE 2012
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TARAMALI ELEKTRON MIKROSKOBU (SEM) ANALIZLERI

Taramali elektron mikroskobunda optik mikroskopta
oldugu gibi 151k demeti yerine elektron demeti kullani-
larak ytiksek enerjili elektronlarin numune ile etkilesi-
me girmesi saglanmaktadir. Bu etkilesim sonrasi elekt-
ron ve foton sinyalleri meydana gelmektedir. Degisik
acilardan sacilan s6z konusu elektronlar, bir algilayici
tarafindan toplanir ve toplanan sinyallerin iglenmesi ile
gortintii elde edilir.’> Suya doymus ahsap orneklerde
meydana gelen fiziksel ve biyolojik bozulmalarin gor-
sel olarak incelenmesi i¢in Taramali1 Elektron Mikros-
kobu (SEM) ile gergeklestirilen goriintiilemeler olduk-
ca onemli olup yaygin olarak kullanilmaktadir. Ayrica
suya doymus ahsapta emdirme isleminden sonra kim-
yasalin ahsap hiicre duvarindaki dagiliminin goriintii-
lenmesi ve ahsaptaki varliginin tespiti emdirme uygu-
lamasinin basarili olup olmadigini anlayabilmek igin
de kullanilmaktadir. Bu sayede suya doymus ahsabin
kimyasal malzemeyi emdigi tespit edilerek emdirme
islemi sonlandirilabilmektedir.!?

Bu yontemde suya doymus ahsap Orneklerden kesit-
ler, {i¢c yonde (enine, radyal ve teget) hazirlanmaktadir.
Ahsaplardan alinan 6rnekler iizerinde istenen goriintii-
lerin elde edebilmesi i¢in sdz konusu drneklerin kesit-
lerinin diizgiin bir sekilde hazirlanmasi gerekmektedir.
Elektron demeti ile taranmis bu kesitlerin incelenmesi
ile SEM goriintiileri degerlendirilmektedir. Suya doy-
mus ahgabin incelenmesi i¢in ¢gogunlukla 0-230 Pa ba-
sing ile calismaya imkan taniyan diisiik vakumlu SEM
(LV-SEM) kullanilmaktadir."* Diisiik vakumlu SEM ile
calismak 1slak durumdaki hassas suya doymus ahsap or-
nekler iizerinde de incelemelerde bulunmay1 miimkiin
kilmaktadir.'>-'6

12 OXFORD DICTIONARY OF SCIENCE 2005
13 UNGER vd. 2001

14 JENSEN vd. 2001

15 KILIC 2017a ; KILIC 2017b

16 JENSEN vd. 2001
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SCANNING ELECTRON MICROSCOPE (SEM) ANALYSIS

The scanning electron microscope uses electron beam
instead of light beam used in optical microscopes,
to facilitate the interaction of the sample with high
energy electrons. Electron and photon signals
derive from this interaction. Then a sensor collects
the electrons scattered from different angles, and
in the final stage, the image is processed from the
collected signals.'? Imaging with a Scanning Electron
Microscope (SEM) is fundamental for the visual
examination of physical and biological deterioration
in waterlogged wood samples, and it is widely used. It
is also used to monitor the distribution of the chemical
in the wood cell wall after the impregnation process
in waterlogged wood and to understand whether the
impregnation application was successful or not. Thus,
the impregnation process is terminated following the
detection that the waterlogged wood already absorbed
the chemical material."

In this method, three cross-sections of waterlogged
wood samples are prepared (transverse, radial and
tangent). The desired images on the samples taken
from the wood, can be obtained through a meticulous
preparation of the sampled sections. Then, the SEM
images are examined for the evaluation of these
sections that were scanned with electron beam. Low
vacuum SEM (LV-SEM) is used for the examination of
waterlogged wood, which allows working with 0-230
Pa pressure mostly.'* Working with low-vacuum SEM
also makes it possible to investigate wet, and sensitive
waterlogged wood samples.!>!¢

Fig. 2: SEM ile suya
doymus ahsapta
gerceklestirilen
goriintiileme.

Fig. 2: SEM Imaging
performed on water-
saturated wood.

12 OXFORD DICTIONARY OF SCIENCE 2005
13 UNGER et al. 2001

14 JENSEN et al. 2001

15 KILIC 2017a ; KILIC 2017b

16 JENSEN et al. 2001
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RADYOGRAFiK METOTLAR

Kiiltiirel mirasin tahribatsiz olarak incelenmesi ama-
ciyla en ¢ok kullanilan goriintiileme yontemleri ara-
sinda X 1smlart veya gama i1ginlarmin kullanildig:
radyografik yontemler gelmektedir. Bunlarin yani
sira yiiklii pargaciklar veya notronlar araciligiyla da
ahsabin igerisinden gecen radyasyon homojen olma-
yan, farkli yogunluklardaki dokulara gore degisen
oranlarda bir gortintii farki olusmasina neden olur.
Ahsabin radyasyonu emme katsayis1 bilgisayar tara-
findan hesaplanarak anlamli goriintiiler haline getiri-
lir. Bu katsay1 ahsabin yogunluguna ve maksimum su
icerigine gore degisir. Bocekler veya yumusakgalar
tarafindan yok edilen bu alanlar farkli yogunlukta
olacagindan bu yontemde bu alanlar kolaylikla ayirt
edilebilmektedir

Bu yontem o6zellikle metallerin koruma-onarim ve
tipk1 yapiminda kullanildig1 gibi, suya doymus ahsap
eserlerin de gorsel degerlendirmelerini yapmak i¢in
kullanilmaktadir. Suya doymus ahsabin yiizey alan-
larin1 gorsel olarak incelemek miimkiindiir; ancak
ylizeyin altinda kalan goéremedigimiz bdlgelerinin
incelenmesi amaciyla kullanilan yontemlerin basinda
radyografik goriintiilemeler gelmektedir. Bu yontem-
de 6zellikle ahsap yiyici bocekler ve yumusakcalarca
hasara ugratilmis ve gogunlukla i¢i bosaltilmis ahsap-
lardaki hasarin derecesi ve dagilimi tespit edilmek-
tedir. Radyografik yontemler, gizli birlesme detaylari
bulunan ahsap eserlerin incelenmesi ve bu alanlarin
tespit edilebilmesi amaciyla da kullanilabilir.'”'®

TARAMALI ELEKTRON MiKROSKOBU (SEM) ENERJi DAGILIMLI

X ISINI SPEKTROSKOPISI (EDX) ANALIZLERI

Gemi ahsaplarinin birlestirilmesinde kullanilan demir
civiler daha sonra baglayan ¢esitli reaksiyonlarla ah-

17 ENGLISH HERITAGE 2010
18 UNGER vd. 2001

19 SCHOFIELD vd. 2011
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21 FORS vd. 2011
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saplarda bozulmalara neden olmaktadir. Giinlimiizde
bu problemlerin olduk¢a yogun bir sekilde yasandig
Mary Rose ve Vasa gibi gemi ahsaplarin karsilas-
t181 en biiyiik sorunlardan birisi olan demir ve siilfiir
problemi, sergileme agamasinda ahsaplarin oldukga
zarar gdrmesine neden olan bir siireci baglatabilmek-
tedir.!*?° Demir ile temas halinde olan ahsaplarda,
selilloz ya da ligninin bozulmasma neden olan bir
elektriksel alan olusabilmekte, ahsabin yapisinda
bulunan polimerlerin oksidasyonu hizlanmaktadir.
Demir bilesiklerinin ahsapta neden oldugu bu bozul-
malarin yani sira suya doymus ahsap konservasyo-
nunda ahgaba emdirme amaciyla kullanilan polietilen
glikol (PEG), metaller iizerinde korozif etkiye sahip
olup ahsapta demir ve bilesiklerinin varlig1 durumun-
da cesitli problemlere neden olmaktadir. Dolayistyla
ahgaba zarar veren bu elementlerin tespiti oldukca
onemli olup koruma ¢aligmalarina yon vermektedir.
SEM-EDX ile elektron mikroskobunda 6rnege ve-
rilen ve daha sonra geri sagilan elektronlar, 6rnegin
atom numarasi hakkinda bilgi vermektedir. Bu saye-
de EDX ile ahsabin mikro yapisindaki elementlerin
dagilimi belirlenebilmektedir. Bu yontem, ozellikle
metal ve ahgabin birlikte kullanildig1 kompozit eser-
lerin incelenmesinde yaygin olarak kullanilmaktadir.
S6z konusu siireci engellemek ve yonetmek igin de-
mir ve stlflirtin ahsaptaki orani1 ve dagiliminin bilin-
mesi oldukc¢a 6nemlidir. Dolayisiyla EDX analizleri
ile ahgabin mikro yapisinin hiicre ¢eperinin lignin
acisindan zengin alanlarinda bulunan siilfiir dagilimi
ile inorganik/organik stilfiir bilesiklerinin oran1 hak-
kinda bilgi elde edilebilmektedir. Ayrica ahsap iize-
rinde tespit edilen parcaciklardaki siilfiir, demir orani,
bunlarin kimyasal bilesimleri hakkinda da fikir ver-
mektedir.?!?2



Fig. 3: Suya doymus ahsapta EDX ile
tespit edilen bazi elementler.

Fig. 3: Some elements detected by
EDX in waterlogged wood.

RADIOGRAPHIC METHODS

Radiographic methods using X-rays or gamma rays are
among the most used imaging methods for the non-
destructive study of cultural heritage. In addition to these,
the radiation passing through the wood through charged
particles or neutrons causes a difference on the image
at different rates depending on the tissues of different

densities, which are not homogeneous. Radiation
absorption coefficient of wood is calculated by computer
and meaningful images are created. The coefficient
changes according to the basic density of the wood and
the maximum water content. Since the areas destroyed by
insects or mollusks will be of different density, they can
easily be distinguished in this method.

This method is particularly used for the conservation,
restoration and replica of metal artefacts, as well as
for visually evaluating waterlogged wooden artefacts.
It is possible to visually examine the surface areas of
waterlogged wood, but radiographic imaging is one of the
methods used to examine the areas we cannot see below
the surface. In this method, the degree and distribution of
the damage, especially in woods that have been damaged
or hollowed by insects and mollusks are identified.
Radiographic methods can also be used to examine
wooden works with hidden junction details and to identify
these areas.!”'®

SCANNING ELECTRON MICROSCOPY (SEM) AND ENERGY-DISPERSIVE
X-RAY (EDX) SPECTROSCOPY ANALYSES

Iron nails used during the construction of ships cause
deterioration with various reactions in wood that start

17 ENGLISH HERITAGE 2010
18 UNGER et al. 2001

19 SCHOFIELD et al. 2011

20 FORS 2008

21 FORS et al. 2011
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later. The issue that iron and sulfur causes in wood,
currently experienced intensely by shipwrecks such as
Mary Rose and Vasa, can initiate a process that causes the
woods to be damaged in the exhibition stage.'”*° In woods
that are in contact with iron, an electrical field is formed
that causes the disruption of cellulose or lignin, and
accordingly accelerates the oxidation of the polymers in
the wood structure. In addition to these distortions caused
by iron compounds in wood, polyethylene glycol (PEG),
which is used for the conservation of the waterlogged
wood through impregnation, has a corrosive effect on
metals and causes various problems in the presence of
iron and its compounds in wood. Hence, detection of
corrosive elements beforehand is a crucial, and guiding
step. For example, when we want to have information
about the atomic number, we send electrons to the sample
with SEM-EDX in the electron microscope, when these
electrons are scattered back, we receive the information
that we wanted. Thus, the distribution of the elements in the
microstructure of wood can be determined with EDX. This
method is widely used especially in the study of composite
artifacts where metal and wood are used together. It is
very important to know the ratio and distribution of iron
and sulfur in wood to prevent and manage the process in
question. Thus, EDX analysis provides information about
the sulfur distribution, and the ratio of inorganic / organic
sulfur compounds in the lignin-rich areas of the cell wall
of the microstructure of wood. It also gives an idea about
the sulfur, iron content and chemical composition of the
particles detected on the wood.?'*
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X ISINI FLORESANS SPEKTROSKOPISI (XRF) ANALIZLERI

XRF cihazimin calisma prensibine gore atomlar X
isinlart ile uyarildiklarinda, bu yiiksek enerji girisi
yakin yoriingelerdeki elektronlar1 daha yiiksek enerji
diizeyine cikarir. Uyarilan elektronlar ilk enerji dii-
zeylerine dondiiklerinde kazanmis olduklar fazla
enerjiyi X 1gmlart seklinde geri verirler. Elementle-
rin verdigi bu 1g1malarin dalga boyu her element i¢in
farkli olup bir nevi o elementin parmak izi olarak
goriilebilir. Isimanin dalga boyunun saptanmasiyla
elementin cinsi (nitel), saptanan bu 1smin yogunlu-

23 TITE 2000
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Fig. 4: Mary
Rose Batigina ait
ahsaplarda

XRF ile
gergeklestirilen
analizler.

Fig. 4: XRF
analyses
performed on
Mary Rose
shipwreck.

gunun Olgiilmesiyle element konsantrasyonu (nicel)
tespit edilebilmektedir. XRF cihazi kullanilarak ya-
pilan olgtimler ile elde edilen yari-kantitatif analiz-
ler, ahsabin farkli kisstmlarindan alinan 6rneklerdeki
demir ve siilfiir oranlarinin karsilagtirilmasi igin de
kullanilmaktadir.?® Taginabilir cihazlarla oldukga ko-
lay bir sekilde tahribatsiz olarak yapilan dlgiimler ile
ahsaplardaki inorganik kalintilar kolaylikla tespit edi-
lebilmektedir. XRF analizi ile suya doymus ahsapta
yapilan dlgiimlerde, demir, siilfiir, kalsiyum ve klor
gibi elementlerle siklikla karsilasilmaktadir.



X RAY FLUORESCENCE SPECTROSCOPY (XRF) ANALYSES

Acccording to the XRF device’s operating principle,
when atoms are stimulated by X-rays, this high
energy input increases the electrons in near orbits to
a higher level of energy. When stimulated electrons
return to their initial energy levels, they give back the
excess energy they gained in the form of X-rays. The
wavelengths of radiations from different elements
vary based on the element they derive from. In a
sense they are the fingerprints of the elements they
originated from. The type of the element (qualitative)
can be determined by determining the wavelength

23 TITE 2000

X ISINI KIRINIMI (XRD) ANALIZLERi

XRD yontemi, kendine 6zgii atomik dizilim-
lerine bagl olarak her kristal fazin, X 1sinla-
rin1 karakteristik bir diizen i¢erisinde kirmasi
ilkesine dayanmaktadir. Arkeolojik eserler-
de olduk¢a yaygin olarak kullanilan analiz
yontemlerinden bir digeri X-Isin1 Kirinim
(XRD) yontemidir. Suya doymus ahsapta da
ozellikle bozulmaya neden olan kosullarin
arastirllmasi i¢in kullanilan analiz yonte-
mi, ahsap ytizeylerindeki tuz ¢okeltileri gibi
kristal bilesimlerin tanimlamasinda kullanil-
maktadir. S6z konusu yontem az miktardaki
numuneler i¢in olduk¢a uygundur.** Vasa,
Mary Rose ve Batavia batiklarina ait ahgap
ylizeylerinde tuz c¢okeltileri olustugundan,
bunlarin tanimlanmasinda XRD kullanil-
mistir. Kimi batik ahsaplarinda ise toz kris-
tal yap1 olugsmadigindan XRD ile sonug elde
etmek zordur.*® Bu analiz uygulamasi ile
Vasa Batigi’nda gercgeklestirilen XRD ana-
lizleri ile batik yiizeyindeki tuzlarin bir dizi
hidratlanmig demir siilfat, jips ve elementel
stlfir oldugu tespit edilmistir.?® Ahsaplar-
da gerceklestirilecek koruma calismalart da
cogu zaman analiz ¢aligmalari ile belirlenen
bu sorunlarin ¢dzlimiine yonelik olarak ger-
ceklestirilebilmektedir.

24 FORS 2008
25 KILIC 2017b
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of the radiation, and the element concentration
(quantitative) can be determined by measuring the
intensity of this detected beam. Semi-quantitative
analysis obtained with measurements using the XRF
device is also used to compare the iron and sulfur
ratios in samples taken from different parts of wood.?
Inorganic residues in wood can be easily detected by
portable devices through measurements performed
easily and without destroying the artefact. Iron,
sulfur, calcium and chlorine are among the elements
often found when performing measurements by XRF
analysis in waterlogged wood.

X-RAY DIFFRACTION (XRD) ANALYSES

The XRD method is based on the principle of
each crystalline phase breaking X-rays in a
characteristic order depending on their unique
atomic sequences. Another analysis method
widely used in archaeological works is the
X-Ray Diffraction(XRD)method. Theanalysis
method used to investigate conditions that
cause deterioration, especially in waterlogged
wood, is used to identify crystal compositions
such as salt deposits on wood surfaces. This
method is pretty suitable for samples that have
limited availability.>* Since salt deposits form
on the wooden surfaces of Vasa, Mary Rose
and Batavia shipwrecks, XRD was used to
identify them. In some submerged woods, it is
difficult to get results with XRD since there is
no powder crystal structure formation.” With
this analysis application, the XRD analysis
performed in Vasa Shipwreck revealed that
the salts on the surface of the shipwreck were
a series of hydrated iron sulfates, gypsum and
elemental sulfides.?® The conservation works
to be carried out in wood can also be carried
out for the solution of these problems, which
are often determined by analysis studies.

24 FORS 2008
25 KILIC 2017b
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DEGERLENDIRME

Suya doymus ahsap eserlerin koruma calismalarinin bi-
limsel yontemlere uygun olarak gerceklestirilmesi bu ca-
ligmalarin bagarili olarak tamamlanabilmesi i¢in oldukg¢a
onemlidir. Bu asamada gerceklestirilecek analiz uygula-
malari, bozulmus durumdaki ahgabin karakterizasyonunu
ortaya koymakta olup ayn1 zamanda koruma siireclerinin
basarili bir sekilde yonetilmesine de katkida bulunmak-
tadir. Maksimum su igerigi analizi ile ahsabin igeriginde
bulunan su miktari belirlenmekte, bir diger ifade ile ahsap
ne kadar fazla su iceriyorsa ahsabin yapisindaki fiziksel
kayipta o derece artmaktadir. Yogunluk analizi ile de ah-
sabin bozulmasi belirlenebilmekte, bozulma arttik¢a ah-
sabin yogunlugu azalmaktadir. Ancak ahgap madde kaybi
calismalari ile ahgapta meydana gelen fiziksel kayip ma-
tematiksel olarak daha net bir sekilde ortaya konmakta;
bu kapsamda ayni ahgab1 bozulmamis ahsabin yogunluk
degerleri ile karsilastirarak ahsap tiiriine 6zgli madde
kaybi belirlenebilmektedir. Ozellikle suya doymus ahsap
konservasyonunda emdirme amactyla kullanilan Polieti-
len glikoliin molekiil agirligina karar verirken bu verile-
rin olduk¢a 6nemli oldugu bilinmektedir. FTIR analizleri
ile bozulma sonrasinda ahsapta meydana gelen kimya-
sal degisim tespit edilmekte ayrica emdirme asamasinda
ahsaplardan alinacak orneklerde emdirme kimyasalinin
varlig1 belirlenebilmektedir. Yani bu analiz yontemi ile

DISCUSSION

It is very important to carry out the conservation works
of waterlogged wooden artefacts in accordance with
scientific methods for the success of this operation. The
analytical practices to be carried out at this stage reveal the
composition of the degraded wood and also contribute to
the successful management of the conservation process.
The maximum water content analysis determines the
amount of water contained in the wood, in other words,
the more water the wood contains, the more physical
loss in the structure of the wood increases. Density
analysis allows to determine the degradation of wood,
and as the degradation increases, the density of the
wood decreases. However, the physical loss in the wood
becomes clearer quantitatively by studies of loss of
wood substance; this way the loss of substances specific
to the type of wood can be determined by comparing
the same wood with the density values of intact wood.
This data is very important especially when determining
the molecular weight of polyethylene glycol, which is
used for impregnating waterlogged wood conservation.
With FTIR analysis, the chemical change occurring in
the wood after deterioration is detected, and the presence
of the impregnation chemical can be determined in the
samples to be taken from the wood at the impregnation
stage. In other words, it is possible to track both the
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hem bozulma hem de koruma stirecini takip etmek miim-
kiin olmaktadir. Goriintiileme yontemleri arasinda sik-
likla kullanilan SEM ile ahsaptaki fiziksel ve biyolojik
bozulmalar gorsel olarak belirlenmekte, ayrica koruma
acisindan ahsabin gozeneklerine homojen bir sekilde pe-
netre etmesi gereken kimyasalin dagilimi da gozlemlen-
mektedir. Bir diger gortintiileme teknigi olan radyografik
teknikler ile de ahsaptaki fiziksel ayrigmay1 gorsel olarak
tespit etmek miimkiindiir. Makale kapsaminda degerlen-
dirilen bir diger konu ise ahgaptaki inorganik kalntilarin
tespit edilmesi ile ilgili tekniklerdir. Bu elementler, cogu
zaman ahsaplarin birlestirilmesinde kullanilan metal
malzemelerden kaynaklandig: gibi ahsaplarin bulundugu
su alt1 kosullart da s6z konusu durumu etkilemektedir. Bu
element ve bilesiklerin tespit edilebilmesi i¢in genellikle
SEM-EDX, XRF ve XRD gibi analizler tercih edilmekte
olup bunlarin disinda kullanilan aletli analiz uygulama-
lar1 da bulunmaktadir. Ahsapta biriken demir ve siilfiir
gibi elementler ve bunlarin bilesikleri 6zellikle sergile-
me agamasinda ¢ok ciddi problemlere neden olmaktadir.
Gerek koruma 6ncesinde gerekse sergileme asamasinda
ahsaplardan alinacak orneklerde yapilacak SEM-EDX,
XRF ve XRD analizleri ile element ve bilesiklerin, bir
diger ifadeyle problemlerin nitel ve nicel olarak tespiti
miimkiin olmakta, ahsaplarin karakterizasyon ve koruma
planlamasi bu veriler iizerinden belirlenmektedir.

degradation and the conservation process with this
analysis method. Physical and biological degradations
in wood are visually determined with SEM, which is
used frequently among the imaging methods, and the
distribution of the chemical that should penetrate the
pores of the wood homogeneously for conservation
is also observed. It is possible to visually detect the
physical degradation in wood through a radiographic
technique which is another imaging technique. Another
topic evaluated within the scope of the article is the
techniques for detecting inorganic residues in wood.
These elements are mostly caused by metal materials
used for joining woods, as well as underwater conditions
where woods are found, affecting the situation. In order
to detect these elements and compounds, analyzes such
as SEM-EDX, XRF and XRD are generally preferred,
and there are also instrument analysis applications used.
Elements such as iron and sulfur accumulated in wood
and their compounds cause serious problems, especially
during the exhibition phase. With SEM-EDX, XRF and
XRD analyzes to be made on samples to be taken from
wood, both before and during the conservation stage, it
is possible to identify qualitatively and quantitatively
the problems of the elements and compounds, in other
words, the characterization and protection planning of
the woods are determined through these data.
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ikiden fazla ardigik figiir belirtiliyorsa iki rakam arasina bosluksuz tire konulmali (fig. 3-5). Ardisik degilse, sayilar arasina
nokta ve bir tab bosluk birakilmalidir. (5, 8, 14).

Bibliyografya ve kisaltmalar kisminda bir yazar, iki soyadi tastyorsa soyadlart arasinda bosluk birakmaksizin kisa tire kullanil-
malidir. (OZSOY-SADIK); bir makale birden fazla yazarli ise her yazardan sonra bir bosluk, ardindan uzun tire yine bosluktan
sonra diger yazarin soyadi gelmelidir. (ALTAN — ERCAN).

“Bibliyografya ve Kisaltmalar” boliimii makalenin sonunda yer almali, dipnotlarda kullanilan kisaltmalar, burada aciklanmali-
dir. Dipnotlarda kullanilan kaynaklar birden ¢ok kullanilacaksa ilk kullanimda uzun, takip eden kullanimlarda kisaltma olarak
verilmeli, kisaltmalarda yazar soyadi, yayin tarihi, sayfa (ve varsa levha ya da resim) siralamasina sadik kalinmalidir. Bibli-
yografya siralamasi soyadlar1 kullanilarak alfabetik olarak yazilmali. Olii dillerden gelen kelimelerin italik olarak verilmesi
gerekmektedir.

BIBLIYOGRAFYA (KiTAPLAR IiCiN):
Grenn, J., A Technical Handbokk, London 2004.

BIBLIYOGRAFYA (MAKALELER iCiN):
Bass, G., Van Dorrninck, F. H., A Fourth-Century Shipwreck at Yass1 Ada‘’, AJA, Vol. 75, No. 1, January 1971, 27-37.
DIPNOT (KIiTAPLAR iCiN):

GREEN 2004, 19.
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DiPNOT (MAKALELER iCiN):
BASS — VAN DORRNICK 1971, 32, Pl. 2, Fig. 8.

Tiim resim, ¢izim ve haritalar i¢in sadece “’fig.” kisaltilmas1 kullanilmali ve figiirlerin numaralandirilmasinda stireklilik
olmalidir. (Levha, Resim, Cizim, Sekil, Harita ya da baska ifade veya kisaltma kesinlikle kullanilmamalidir).

Figiirlerde ¢oziintirlikk en az 300 dpi; format ise RAW, TIF veya JPEG olmalidir.
TINA’nin tablet ve sair formattaki versiyonlari igin fotograf degerleri 1024x768, video formati ise mp4 olmalidir. Bu de-
gerleri saglamayan fotograf ve videolar TINA tarafindan yukarida belirtilen formatlara doniistiiriilecektir. Yazar/yazarlar

bunu kabul etmis sayilir.

Makale metninin sonunda figiirler listesi yer almalidir.

Metin yukarida belirtilen formatlara uygun olmak kaydryla 6zel sayilar hari¢ 15 sayfay1 gegmemelidir.
YAYIN ETiGI:
TINA Denizcilik Arkeolojisi Dergisi’'nde yayinlanan makalelerde ulusal ve uluslararasi gecerli etik kurallarina uyulmali-

dir. Bir baska kaynaktan alint1 yapilan figiirlerin sorumlulugu yazara aittir. Bu nedenle kaynak belirtilmelidir.

YAYIN iLKELERI{
TINA, “Tiirkiye Sualt1 Arkeolojisi Vakfi” tarafindan (bundan boyle “Vakif” olarak anilacaktir) yayinlanmakta olup, tiim
yasal haklar1 Vakfa aittir.

TINA, basta Anadolu kiyilar1 ve Akdeniz olmak iizere diinyanin her kosesinde gergeklestirilen denizcilik arkeolojisi ala-
ninda calismalara yer vermektedir.

TINA, Haziran ve Aralik aylarinda olmak iizere yilda iki kez yayimlanir; Dergi yonetimi dilerse 6zel say1 ¢ikarabilir.
Yayinlanmasi istenen makalelerin en geg basim tarihinden ii¢ ay dnce gonderilmis olmas1 gerekmektedir. Makale ve fi-
giirler ayr1 dosyalar halinde elektronik posta veya CD’ye yiiklenerek kargo ile gonderilmelidir. Ayrica makalenin basili bir
ornegi de dosyada olmalidr.

Yazardan diizeltme istenmesi durumunda, diizeltinin en ge¢ 15 (on bes) giin iginde yapilarak, Dergi’ye iletilmesi gerek-
mektedir.

Makaleler Tiirkge veya Ingilizce yazilabilir.

Dergiye gonderilen ve yaymlanmayan makaleler, yazara iade edilmez.

Yazar, Vakfa ulastigi tarihten itibaren iki say1 i¢inde yayinlanmayan galigmalari bagka dergi ve sair mecrada yayinlayabilir.

TINA’ya gonderilen makalelerin tiim yasal sorumlulugu yazara aittir.
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MUVAFAKATNAME
Yazar, TINA’da yayinlanmak iizere makalesini Vakfa gondermekle, Vakif lehine;

Vakfa gonderdigi makalenin 6zgiin oldugunu; daha evvel bagka bir yerde yaymlanmadigini; makalenin iiglincii sahislarin basta
fikri haklar olmak iizere herhangi bir hakkini ihlal etmedigini; keza makale i¢inde kullanilan gorsellerin tiglincii sahislarin hak-
larin1 ihlal etmedigini; makaleyi TINA’da yayinlanmak iizere Vakfa gondermekle yazinin TINA Denizcilik Arkeolojisi Dergisi
icinde, basili olarak ve/veya dijital herhangi bir ortamda (internet, mobil vb.) ortamda herhangi bir siire kisitlamasi bulunmadan
yaymlanmasina, ¢ogaltilmasina, yayillmasina, saklanmasina, umuma iletilmesine izin verdigini, ticretli ve/veya iicretsiz olarak
iiciincli sahislara kullandirilmasina muvafakati oldugunu; Vakfa verdigi isbu haklar sebebiyle Vakif’tan ve/veya bu haklari
kullananlardan herhangi bir iicret ve/veya bedel talep etmeyecegini; makalenin Tiirkce ve/veya Ingilizce’ye gevirebilecegini;
Vakif’in makaleyi 6zel say1 ve sair sekillerde ¢ikaracagi say1 ve/veya yayinlar i¢inde kullanabilecegini; kabul, beyan ve taahhit
eder.

TINA’ya makale génderen yazarlar, yukarida yer alan “Yazim Kurallar1”, “Yayn ilkeleri” ve “Muvafakatname” i¢inde yer alan
diizenleme ve hiikiimleri kabul etmis sayilirlar.

Herhangi bir sorunuz durumunda; mehmetbezdan@gmail.com adresine e-posta gonderebilirsiniz.
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TINA MARITIME ARCHAEOLOGY PERIODICAL
MANUSCRIPT SUBMISSION REQUIREMENTS AND PUBLICATION GUIDELINES

OBJECTIVE AND SCOPE

The TINA Maritime Archaeology Periodical aims to publish articles on original material obtained as a result of scientific stu-
dies, or original ideas in the field of Maritime Archaeology in various geographies of the world, mainly on the Anatolian shores
and the Mediterranean Sea. Based on the publication policy of our periodical, the submitted articles will be included in the
publication program according to the decision of the editors and the scientific referee board. The periodical shall contain origi-
nal works of various articles, notes, news, and books, surveys and excavations performed in the field of maritime archaeology,
epigraphic works, book presentations, scientific arguments and critics. The submissions should be written in a western European
language (English, German, French). That means articles written in these languages, in addition to Turkish, are also acceptable.
The periodical will be published in two languages, i.e., Turkish and English.

TIME

The TINA Maritime Archaeology Periodical is published biannually in June and December. The submissions should be sent at
least two months before the publication date. All written material should be sent to the attention of Mehmet Bezdan, Editor in
Chief. E-mail address: mehmetbezdan@gmail.com

Below please find the requirements for manuscripts that will be submitted to TINA Maritime Archaeology Periodical (to
be referred to as TINA from now on) for publishing.

Any author submitting a manuscript will be considered to have agreed to the following terms and conditions

ABSTRACT AND KEYWORDS
An abstract and six keywords written both in Turkish and in source language should accompany the original work.

MANUSCRIPT FORMAT
All manuscript texts should be written in Word format.

The font size is 11 points for texts and figures; and 9 points for abstracts, footnotes, catalog and bibliography,
and the font type is Times New Roman.

Footnotes should be numbered in the order in which they appear in the text, and be placed at the bottom of each
page, with numerical continuity followed throughout the paper.

Subtitles within the text should be in lower case letters, in bold characters.
Use of punctuation marks:

Any figures referred to within the text should be cited within parentheses as (fig. 1); a space should be placed
between “fig.” and the number to follow; if more than one consecutive figure is referred to, then a dash should be
placed between the two numbers without a space (e.g., fig. 3-5). If the figures are not consecutive, then a comma
and a space should be placed after each number except the last one (e.g., fig. 5, 8, 14).

In the bibliography and abbreviations section, if the author has two last names, a dash should be placed between
the two names without a space (e.g., OZSOY-SADIK); if an article has multiple authors, a space, a dash, then
a space again should be placed after each name, and then the other surname should follow (e.g., ALTAN — ER-
CAN).

“Bibliography and Abbreviations” section should be placed at the end of the manuscript, and the abbreviations
used in footnotes should be explained here. A full citation should be provided the first time a reference is made
to a source, and then an abbreviated form should be used when the same source is cited again, maintaining the
order of author’s name, date of publication, and page (and plate or picture if applicable). Bibliography should
be listed fully in alphabetical order by the surname. Words originating from extinct languages should be written
in italic form.

Bibliography (for books):
Green, J., A Technical Handbook, London 2004.
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Bibliography (for manuscripts):
Bass, G., Van Doorninck, F. H., “A Fourth-Century Shipwreck at Yass1 Ada”, AJA4, Vol. 75, No. 1, January
1971, 27-37.

Footnote (for books):
GREEN 2004, 19.

Footnote (for manuscripts):
BASS — VAN DOORNICK 1971, 32, PI. 2, Fig. 8.

Any images, drawings, and maps should be presented as figures, and numbered in the order in which
they appear in the text (descriptions such as Plate, Picture, Drawing, Diagram, Map, etc. and their
abbreviations should never be used).

Figures should have at least 300 dpi of resolution, provided in RAW, TIF or JPEG format.

For tablet and other versions of the TINA magazine, photographs should be provided in 1024x768
format, and videos in mp4 format. Any photograph and video material that do not meet above men-
tioned criteria will be converted into the required format by TINA. The author(s) shall be deemed to
have accepted it.

Manuscripts should be accompanied by a list of figures following the main text.

The text should not exceed 15 pages, except for special issues, provided that they are submitted acccording to
the above mentioned formats.

PUBLICATION ETHICS STATEMENT:

All articles published in the TINA Maritime Archaeology Periodical shall abide by and respect the national
and international ethical rules. The responsibility of the figures from another source belongs to the writer.
Therefore, the sources should be specified.

PUBLICATION GUIDELINES

TINA MARITIME ARCHAEOLOGY PERIODICAL is published by TINA, “The Turkish Foundation for
Underwater Archaeology” (to be referred to as “The Foundation” from now on), and all its legal rights belong
to the Foundation.

TINA MARITIME ARCHAEOLOGY PERIODICAL covers research on maritime archaeology from across
the world, mainly on the Anatolian and Mediterranean coasts.

TINA MARITIME ARCHAEOLOGY PERIODICAL is published biannually, in June and in December; TI-
NA’s management may publish special issues if they choose to do so.

Manuscripts should be sent at least three months before the publication date. The manuscript text and
figures should be uploaded in separate folders, and sent by e-mail or written to a CD and sent by a
courier service. A printed version of the manuscript should also accompany the submission. If any
revision is requested from the author, such revisions should be completed and resubmitted to TINA
within maximum 15 (fifteen) days.

Manuscripts may be in Turkish or English.

Any manuscript submitted to TINA MARITIME ARCHAEOLOGY PERIODICAL, but not published will
not be returned to the author.

The author may have his/her manuscript published in another publication if it is not published in two subse-
quent issues from the date of receipt of the manuscript by the Foundation.

All legal responsibilities of the manuscripts submitted to TINA MARITIME ARCHAEOLOGY PERIODI-
CAL belong to the author.
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LETTER OF CONSENT
By submitting his/her manuscript to the Foundation, the author hereby

agrees, declares and undertakes that the manuscript submitted to the Foundation is genuine, and it has not
been published in another publication; it does not violate the rights, mainly immaterial rights of third parties;
also the images used in the manuscript do not violate the rights of third parties; the manuscript can be pub-
lished, reproduced, distributed, archived, and made public through TINA Maritime Archaeology Periodical,
either by printing and/or through digital media (internet, mobile etc.) without any limitation in time, used by
third parties with or without payment; he/she shall not claim any fees and/or charges from the Foundation or
any beneficiary of these rights; the manuscript may be translated to or from Turkish or English; and the Foun-
dation may publish the article in special issues or otherwise, may use it in issues and/or other publications.

Authors who submit articles to TINA MARITIME ARCHAEOLOGY PERIODICAL are deemed to have
accepted the terms and conditions mentioned above under sections “Manuscript Format”, “Publication Guide-
lines” and “Letter of Consent”.

If you have any questions, please send an e-mail to mehmetbezdan(@gmail.com.
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