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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¢i 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 dis1 bilimsel kuruluglara, miizelere, tini-
versitelere destek saglamak ve saglanmasina yardimei olmak.

@ T.C. Kiiltiir Bakanlig1 izni ve denetimi altinda karasularimizda bilimsel metodlar ile giinii-
miiz teknolojik imkanlar1 nispetinde sualt1 aragtirmalar1 ve kazilar1 yapmak.

Sualt1 arkeolojik eserlerimizi tespit etmek, mevkilerini gerekli mercilere bildirerek korunma-
ya alinmalarini 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 goériilen 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
amagcla 6grenciler yetistirmek i¢in burslar vermek.
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TINA TURKISH UNDERWATER ARCHAEOLOGY FOUNDATION

FOUNDATION: Founded by a group of maritime-lover businessmen in 1999.

SCOPE

@ To make the international society and scientists familiar with our abundant archaeological
cultural heritage in Turkey and its seas. With this idea in mind, to make national and in-
ternational publications, and organize conferences, panels, seminars, forums, symposiums,
workshops, fairs, festivities, exhibitions, and artistic activities such as festivals, excursions
and meetings.

@ To support local and international scientific institutions, museums, and universities invol-
ved in activities of surveys, excavations, conservations and exhibitions under the approval
and inspection of the Turkish Ministry of Culture and Tourism.

@ To perform underwater surveys and excavations in our seas using scientific methods and
current technological facilities under the approval and inspection of the Turkish Ministry of
Culture and Tourism.

@ To identify the archacological artifacts lying underwater, reporting their whereabouts to
relevant authorities for protection.

® To seek cooperation with the museums and institutions involved in the field and support
their activities. To ensure enhancement of such museums and cultural activities, and take
necessary steps to provide opportunities for new initiatives.

@ To take necessary measures to prevent the pollution of our seas which becomes increa-
singly harder to Fight back, ensure that such measures are taken, and cooperate with other
institutions in this sense.

@ To contribute to the educational and training institutions dealing with our scopes, and
provide scholarships for dedicated students.

EXECUTIVE COMMITTEE:

PRESIDENT
H. OGUZ AYDEMIR

MEMBERS

AYHAN SiCIMOGLU

KENAN YILMAZ

JEFF HAKKO

ENES EDIS

METIN ATAC

ZAFER KIZILKAYA

REPUBLIC OF TURKEY MINISTER OF CULTURE AND TOURISM



TINADENIZCILIK ARKEOLOJISIDERGISI

TURKIYE SUALTI ARKEOLOJISI VAKFI’NIN SURELI YAYINIDIR

TINA Denizcilik Arkeolojisi Dergisi, Haziran ve Aralik aylarinda yilda iki kez yayimlanir.
Yayimlanmast istenen makalelerin basim tarihinden en ge¢ 2 ay once gonderilmis olmasi
gerekmektedir. TINA Denizcilik Arkeolojisi Dergisi, basta Anadolu kiyilar: ve Akdeniz olmak
tizere diinyanin her kosesinde gerceklestirilen denizcilik arkeolojisi alaninda yapilmis calisma-
lara yer vermektedir.

SAHIBI: TINA Tiirkiye Sualti Arkeolojisi Vakfi
IMTIYAZ SAHIBI: Hiisnii Oguz Aydemir
SORUMLU YAZI ISLERI MUDURU: Mehmet Bezdan

TINA Denizcilik Arkeolojisi Dergisi 'nin izni olmadan, hi¢bir boliim kopya edilemez. Alinti
yapilmast durumunda referans gosterilmelidir. Yazilarin yasal sorumlulugu yazarina aittir.

TINA Denizcilik Arkeolojisi Dergisi’ne gonderilen makaleler bu cildin son sayfasinda belirti-
len formata uygun oldugu takdirde yayimlanacaktir.

TINA Denizcilik Arkeolojisi Dergisi 'nin yeni sayilarinda yayimlanmasi istenen makaleler igin
mail adresi: mehmetbezdan@gmail.com

ISSN: 2149 - 0392

BASKI: Bilnet Matbaacilik ve Yayincilik AS
Y. Dudullu Org. San. Sit. 1.Cadde No:16 Y.Dudullu — Istanbul.
Tel: +90 216 444 44 03

ADRES: Tiirkiye Sualti Arkeolojisi Vakfi
Kog Universitesi, Anadolu Medeniyetleri
Arastirma Merkezi, Istiklal Caddesi No:181
34430 Beyoglu / Istanbul

TELEFON: +90 212 393 61 30

FAX: +90 212 393 61 40

WEB: www.tinaturk.org



TINA MARITIME ARCHAEOLOGY PERIODICAL

PERIODICAL PUBLICATION OF TINA TURKISH
FOUNDATION FOR UNDERWATER ARCHAEOLOGY

TINA Maritime Archaeology Periodical is published bi-annually during the months of June
and December. The papers to be published should be sent 2 months before the publication date.
The coverage of TINA Maritime Archaeology Periodical includes primarily the Anatolian sho-
res, the Mediterranean Sea, and the work performed in the field of maritime archaeology from
every corner of the world.

OWNER: TINA Turkish Foundation for Underwater Archaeology
PUBLISHER: Hiisnii Oguz Aydemir
EDITOR: Mehmet Bezdan

No section or part of the magazine can be reproduced without any consent of TINA Maritime
Archaeology Periodical. References should be cited. Legal responsibility of papers belong to
the authors.

Papers sent to TINA Maritime Archaeology Periodical shall be published only if they comply
with the format specified on the last page of this issue.

E-mail address to submit the papers to be published in the coming issues of TINA Maritime
Archaeology Periodical: mehmetbezdan@gmail.com

ISSN: 2149 - 0392

PRINTED AT: Bilnet Matbaacilik ve Yayincilik AS
Y. Dudullu Org. San. Sit. 1.Cadde No:16 Y.Dudullu — Istanbul.
Tel: +90 216 444 44 03

e
TINA @

ADRESS: Tirkiye Sualt1 Arkeolojisi Vakfi
Kog Universitesi, Anadolu Medeniyetleri
Aragtirma Merkezi, Istiklal Caddesi No:181
34430 Beyoglu / Istanbul

PHONE: +90 212 393 61 30

FAX: +90 212 393 61 40

WEB: www.tinaturk.org
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Denizcilik Arkeolojisi Dergisi

14. SAYI KAPAK FOTOGRAFI: Nehirden Miizeye Arles-Rhone 3 Mavnasi makalesinden. (Makale
sayfa 58’de basliyor). Fotografta kazi calismalari sirasinda kiigiik eserleri kurtarmak i¢in yapilan
caligmalardan bir an goriilmektedir. (Sayfa 71). (MDAA © Rémi Bénali)

7. CILT (SAYI13-14) KAPAK FOTOGRAFI: Batavia Batiginin Konservasyon Oykiisii makalesinden.

(Makale sayfa 88’de basliyor). Batik alanindan bir sualt1 fotografi.
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* Oguz Aydemir

SUNUS

Degerli okurlar,

TINA Denizcilik Arkeolojisi Dergimizin 2020
yil ikinci sayisinda ilging batik gemi konservasyon
caligmalarin1  degerlendiren ve Ozellikle halen
miizelerdesergilenmekte olanbatiklarinkonservasyon
metodolojilerindeki yontem farkliliklarini 6n plana
¢ikaran bir seri yazi dizisine yer verdik.

Pandemi nedeniyle her tiirlii etkinligin en alt
seviyeye indigi bu kritik donemde yayinimizi ve bazi
etkinlikleri silirdiirmemiz yegane tesellimiz oldu.
Katk1 saglayan akademisyenlere tesekkiir ederiz.

Elinizdeki derginin yayma hazirlandigi giin
(3 Mart 2021) maalesef kotii bir haber aldik. Sualti
Arkeolojisinin Oncii ismi Profesér George F. Bass’i
kaybettik. Kendisi 1960 yilinda Tiirkiye’ye gelerek
diinyanin ilk sualti arkeoloji kazisini baglatmigti.
Gelidonya Batig1 kazisi (1960) sayesinde sualti
arkeolojisinin bilimsel temelleri Tiirkiye kiyilarinda
atildi. Bugiin George F. Bass’in arastirmalari
sayesinde denizcilik tarihi ve antik ¢aga dair ¢ok
daha fazla bilgiye sahibiz. 2021 yilinda ¢ikacak iki
sayimizi da George Bass’e adamay1 planliyor ve bu
hususta bir stiredir ¢calistyorduk. Maalesef bu sayilari
George F. Bass goremedi. 2021°de ¢ikaracagimiz iki
say1 ile “Sualtr Arkeolojisinin Onciisiinii” en giizel
sekilde anacagiz.

PRESENTATION

Dear readers,

The second issue of TINA Maritime Archeology
Periodical in 2020 includes an article series
overviewing interesting shipwreck conservation
studies and highlighting the methodology differences
in conservation, particularly of shipwrecks that are
exhibited in museums.

Our only consolation was that we were able to
carry on our publication and some of our activities
during this critical period when all kinds of activities
are reduced to a minimum due to the pandemic. We
thank to all academicians who contributed.

Unfortunately, on the day we were proceeding
with the publication of our periodical (03.03.2021),
we got bad news. We lost Professor George F. Bass,
the pioneer in the world of underwater archacology.
He initiated the first underwater excavation in the
world in 1960 in Turkey. The scientific foundation
of the underwater archaeology was established on
the Turkish shores thanks to the excavation of the
Gelidonya Shipwreck. Today we have extensive
information about the maritime history and ancient
period owing to studies carried out by George F.Bass.
We intended to dedicate both issues in 2021 to George
Bass, and we were working on details. Unfortunately
he couldn’t see them. We will commemorate “the
Pioneer of the Underwater Archaeology” in the best
way we can with our two issues in 2021.

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



13. SAYI KAPAGI
THE COVER OF ISSUE 13

14. SAYI KAPAGI
THE COVER OF ISSUE 14

CILT 7 (SAYI 13-14)
VOLUME 7 (ISSUE 13, AND 14)




* Ufuk Kocabas

EDITOR
“Batik Gemi Konservasyonu” olarak belirledigimiz
2020 tematik sayisinin ikincisinde, birbirinden dnemli
ve ilging ¢aligmalari sizlerle bulusturabilmenin
heyecani igindeyiz. Bu yilin tematik konusunu olusturan
konservasyon ana basgliginin altinda batiklarin kazi,
dokiimantasyon, onleyici koruma, koruma-onarim,
sergileme ve kosullari, tasiyici sistemler ve replikalar
gibi konu bagliklarina yer verdik. Biiyiik dl¢ekli suya
doymus ahsaplarin konservasyonu gibi teknik ve hassas
bir siire¢ igeren uygulamalara 1sik tutmaya calistik.
Bunun yaninda bu sayimizda, “arkeoloji diinden baglar”
metaforundan yola ¢ikarak, gorece olarak tarihleri ¢ok
da eskiye gitmeyen, celigin kullanildig1 deniz araglarini
da mercek altia aldik.

1960’larda Prof. Dr. George Bass tarafindan
Tiirkiye’debaslatilan sualtiarkeolojisi ve konservasyon
geleneginin son halkasini olusturan Yenikapi Batiklar
Projesi, ikinci sayimizin ilk makalesi. Diinyanin en
biiyiik liman arkeoloji kazisi, ele gecen 37 adet Bizans
dénemi gemisi ile diinyanin en genig batik repertuvarini
bizlere sundu. Projenin bagindan itibaren iginde olan
li¢ isim, Istanbul Arkeoloji Miizeleri Miidiirii Rahmi
Asal, TU Sualt: Kiiltiir Kalintilarmi Koruma Anabilim
Dal1 bagkani Prof. Dr. Ufuk Kocabas ve ayn1 birimden
proje baskan yardimcisi Dog¢. Dr. Namik Kilig genis
bir yaz1 kaleme aldilar. Yenikap1 batiklar1 iizerindeki
diger makale ise projenin dokiimantasyon sorumlusu
Dog. Dr. Isil Ozsait-Kocabas’in kaleminden okuyucu
ile bulusuyor. Kazi alaninin en bilinen batiklarindan
9. Yiizy1l ticaret teknesi YK 12’nin sergilenmesinde
kullanilacak  tastyict  sistemin  ozellikleri  ve
uygulanmasi gereken kriterlerin belirlendigi makale,
kurulumu yapacaklara kilavuz niteliginde. 2011
yilinda Yenikap1 ekibi olarak Arles kentinde devam
eden kazisin1 ve konservasyonun gerceklestirilecegi

** Mehmet Bezdan

EDITOR

We are thrilled to present to you several salient and
compelling papers in the second thematic issue of
2020that we defined asthe “Shipwreck Conservation”.
Under the main title of conservation, which
constitutes the thematic subject of this year, we have
included topics such as excavation, documentation,
preventive conservation, conservation&restoration,
exhibition and environmental conditions, carrier
systems and replicas of shipwrecks. We tried to
shed light on procedures involving a technical and
delicate process such as the conservation of large-
scale waterlogged timbers. In addition, in this issue,
based on the metaphor “arkeoloji diinden baglar”
(“archaeology starts from yesterday”), we have also
examined marine vessels made of steel, which are
relatively late in history.

The first article in the second issue focuses on the
Yenikap1 Shipwrecks Project, which represents the
last link of the maritime archacology and conservation
tradition that were initiated in Turkey in the 1960s by
Prof.George Bass. The world’s largest archaeological
harbor excavation presented us the world’s largest
repertoire of shipwrecks with 37 Byzantine ships
uncovered. Rahmi Asal, the Director of Istanbul
Archaeological Museums, Prof.Ufuk Kocabas,
Head of the Department of Conservation of Marine
Archaeological Objects at Istanbul University, and
Assoc. Prof. Namik Kilig, Assistant Project Manager
from the Department of Conservation of Marine
Archaeological Objects at Istanbul University, who have
been involved in the project since the beginning, wrote
an comprehensive article. Our readers will find another
article on the Yenikapi shipwrecks by Assoc.Prof.
Is1l Ozsait-Kocabas, documentation executive of the
project. The article describing the characteristics of the

* 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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laboratuvarini

ARC-Nucleart-Grenoble
ettigimiz Arles-Rhone 3 teknesi ile ilgili cok detayl
bir makaleyi kazinin hafiri Sabrina Marlier ve bas

ziyaret

konservatéor Henri Bernard-Maugiron hazirladi.
2018 yilindaki ISBSA sirasinda ise Musée de 1’ Arles
antique’de sergilenen tekneyi gérme firsatimiz oldu.
Kazisindan, konservasyona ve sergilenmesine kadar
gecen tiim siireci anlatan meslektaslarimizin yazisini
biiytik bir ilgiyle okuyacaginizi diisiiniiyoruz.

Batik konservasyonunda 6nemli mihenk taglarindan
biri olan Batavia’nin konservasyonunu Western
Australian Museum’dan iki meslektagimiz Vicki
Richards ve Ian Godfrey birlikte hazirladi. Biiyiik
Olgekli batik konservasyonunda PEG kullanimimin
ilk evrelerine tarihlenen bu caligmalar, ardili olan
pek ¢ok uygulamalara 1g1k tuttu. Makale; batigin
konservasyon tarihgesine, rekonstriiksiyon ve siilfiir
kaynakli bozulmalara odaklaniyor. H.L.Hunley,
Amerikan i¢ savaginin Onemli sembollerinden
birisidir. Hunley’in kesif, kazi, konservasyon ve
sergilenmesinin  Oykiisiinii projenin iginden iig
uzman Johanna Rivera, Michael Scafuri ve Nicholas
DeLong bizlere aktariyor. Aslinda sualtinda bulunan
batiklarin  sadece ahsaptan ibaret olmadigini,
celikten insa edilmis gemi, denizalt1 ve ¢esitli savas
kalintilarinin da ilgi alanimiza girdigini ortaya koyan
cok degerli bir ¢caligsmayi sizlerle paylasmak istedik.
Clemson University, Warren Lasch Konservasyon
Merkezi’nde siirdiiriilen titiz ¢alismalar zihin agici
nitelikte. Suya doymus ahsap konservasyonunda
oncii ¢aligmalarin basinda gelen Bremen Cog’un
hikayesi Amandine Colson’un sunumuyla bizlerle
bulusuyor. Meslek biiyiiglimiiz Per Hoffmann ve
meslektaslarinin 30 yili askin emeginin bulundugu
batik, suya doymus eserlerin sergilenmeye
baslamasiyla her seyin bitmedigi, yeni bir evreye
gecildiginin en iyi kanitlarindan.

carrier system to be used in exhibition of the 9th century
merchantman YK 12, one of the most popular wrecks of
the excavation area, and the criteria to be applied, serves
like a guideline for those who will assemble it. We have
a very detailed article by the excavator Sabrina Marlier
and head conservator Henri Bernard-Maugiron about
the Arles-Rhone 3 barge that we, the Yenikapi team,
paid a visit in 2011 to the ongoing excavation in Arles
and the ARC-Nucleart-Grenoble laboratory where the
conservation work would be carried out. During ISBSA
in 2018, we had the opportunity to see the boat exhibited
at the Musée de I’Arles antique. We believe that you
will read this article of our colleagues, who describe
the whole process from excavation to conservation and
exhibition with great interest.

Two of our colleagues from the Western Australian
Museum, Vicki Richards and Ian Godfrey worked
together in the conservation of Batavia, one of the
most important milestones in shipwreck conservation.
Dating back to early phases of PEG use in large-
scale shipwreck conservation, these studies shed light
on many of its successors. The article focuses on the
conservation history, the reconstruction and the sulfur-
induced degradation of the shipwreck. H.L.Hunley is an
important symbol of the American civil war. Johanna
Rivera, Michael Scafuri and Nicholas DeLong are three
experts from the project who tell us the story of Hunley’s
discovery, excavation, conservation and exhibition. In
fact, we wanted to share with you a very valuable study
revealing that the underwater shipwrecks are not only
made of wood, but ships, submarines and various war
remains made of steel are also in our area of interest.
The meticulous work carried out at the Warren Lasch
Conservation Center of the Clemson University widens
our horizon. We also have an opportunity to read the
story of Bremen Cog as one of the leading studies in
the conservation of waterlogged timbers, presented by
Amandine Colson.



Batigin konservasyonu ardindan yeni bir tasiyici
sitemin ingasina kadar gecen siire¢ tiim detaylariyla
makalede agiklanmis.

Dor 2001/1 batigina ait ahgaplarin konservasyonu
Sophie Cohen ve Deborah Cvikel tarafindan kaleme
alindi. Batigin 2.5 metre uzunlugunda bir kesitinin
sualtindan ¢ikartilmasi ve iki asamali PEG emdirme
metodolojisi bizlere sunuluyor. Uzun siiredir ilgi
odagimizda olan ve Giiney Cin Denizi’ne batmig bir
Cin ticaret gemisi olan Nanhai 1 gemisinin sira dis1
hikayesi Zhu Tiequan, Wang Jiayin ve Ye Daoyang
tarafindan aktariliyor. Kazi teknigi acgisindan son
yillarin en dikkat g¢ekici ¢aligmalarindan biri olan
Nanhai 1 konservasyon metodolojisiyle de ilgi
odaginda olmay1 siirdiirecege benziyor.

Dergimiz ana konumuzu olusturan makalelerin
yani sira denizcilik arkeolojisi alanindaki 6nemli
bilimsel ¢aligmalara ait gelismeleri de sizlere
sunmay1 amagliyor. “Canakkale Savas Batiklar1 Dalis
Turizmine Agiliyor” bashgi altinda hazirladigimiz
haber, bizleri son derece heyecanlandiran ve uzun
stiredir bekledigimiz bir miijde! Canakkale Savaslari
Gelibolu Tarihi Alan Bagkanlig1 6nciiliigiinde, Giiney
Marmara Kalkinma Ajansinin finansal destegiyle
hayata gecirilen proje ile Canakkale kiyilarinda
bulunan 1. Diinya Savasi batiklarinin koruma altina
alinarak dalig turizmine kazandirilmasi planlantyor.
TUBITAK Kkatkilartyla hazirlanan pilot uygulama ise
HMS Majestic gemisinde baslayacak. Tirkiye’deki
sualt1 kiitiir turizmine yapacagi katki siiphesiz ¢ok
biiyiik olacak. Bir diger 6nem verdigimiz ve sizlere
ulagtirmak istedigimiz calisma ise Anemurium
Sualti Aragtirmalari. Oktay Dumankaya ve Semih
Togan’1n aragtirma hakkindaki bilgilendirme yazisini
dergimizde okuyabilirsiniz.
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It is one of the best proofs of the transition to a new
phase that everything is not finished with the start of
exhibiting sunken, waterlogged artifacts with more than
30 years of effort by our senior colleague Per Hoffmann
and his team. The process from the conservation of the
wreck to the construction of a new carrier system is
described in details in the article.

The conservation of the timbers of the Dor 2001/1
shipwreck was written by Sophie Cohen and Debo-
rah Cvikel. Their presentation includes removal of a
2.5-meter-long section of the wreck and a two-stage
PEG impregnation methodology. Zhu Tiequan, Wang
Jiayin and Ye Daoyang narrate the extraordinary
story of Nanhai 1, a Chinese merchantman that sank
in the South China Sea and has been in our limelight
for a long time. Nanhai 1 seems to maintain being the
center of attention for its excavation technique and
for its conservation methodology as one of the most
remarkable studies in recent years.

In addition to the articles that constitute the main
topic of our periodical, we aim to present you with
the recent developments in important scientific stu-
dies in the field of maritime archeology. The news
titled “The Shipwrecks from the Battle of Gallipoli
Opens for Scuba Diving Tourism” is a newsflash that
we’ve been expecting for so long, and made us very
happy and excited!

Shipwrecks from WW 1, sunken on the shores of
Canakkale will be taken under protection and be
made available for SCUBA diving tourism with a
project financed by the Southern Marmara Region
Development Agency under the leadership of the Ca-
nakkale Wars, and Gallipoli Historic Region Directo-
rate. The pilot scheme, prepared with the contributi-
ons of TUBITAK (The Scientific and Techonological
Research Council of Turkey) will be initiated with
the HMS Majestic ship.



TINA Tirkiye Sualti Arkeolojisi Vakfi olarak
denizlerimize ve sahip oldugu degerlere biiyiik
onem veriyoruz. Vakif bagkanimiz Oguz Aydemir’in
0zel koleksiyonundan bir segki ile hazirlanan
“Aydinlanma Cagi’nda Cesme Deniz Savasi’nin 250.
Yilr” isimli sergi 7 Temmuz 2020 tarihinde Izmir’in
Cesme llgesi’nde acildi. Oguz Aydemir tarafindan
hazirlanan sergi, covid tedbirleri kapsaminda sinirl
sayida konuga kapilarini acti ve 300’e yakin konuk
sergiyi inceledi. Bu 6nemli sergiye ait detaylari
dergimizde bulabilirsiniz.

“Batik Gemi Konservasyonu” baglikli tematik
sayimizda dergimizin sayfalariyla sinirli ¢aligmaya
yer verebildik. Hazirladiklar1 makaleler ile katkida
bulunan tiim bilim insanlarina, meslektaglarimiz
ve dostlarimiza tesekkiirii borg biliriz. Ayrica
makalelerin hakemliklerini ~ gergeklestiren tiim
duayen meslektaglarimiza slikranlarimizi sunariz.

Tek cilt olarak basilacak olan 2020 yilinin “Batik
Gemi Konservasyonu” sayisini, suya doymus ahsap
konservasyonuna meslek hayatlarini adayan iki isme
armaganetmekistiyoruz. Calistiklarialanaaskilebagli
olan bu meslektaglarimiz, 2005 yilinda basladigimiz
Yenikap1 batiklarmin konservasyon c¢aligmalarinda
da cok kiymetli desteklerini ve bilgilerini higbir
kargilik beklemeden comertge sundular: Dr. Poul
Jensen ve Kristiane Stratkvern’e siikran ve meslek
hayatlarinda nice basar1 dileklerimizle bu 6zel say1y1
kendilerine ithaf ediyoruz.

Denizcilik arkeolojisinin oncii ismi Prof. Dr. George
F. Bass’i Dergiyi yayma hazirladigimiz giin (3 Mart
2021) kaybettik. Derin bir iiziintii i¢indeyiz. Kendisini
minnet ve saygiyla aniyoruz.

It is expected to provide substantial contribution to
the marine archaeological tourism in Turkey. Another
study that we pay attention to and want share with
you is the Anemurium Underwater Research. The
informative work by Oktay Dumankaya and Semih
Togan can be found in our periodical.

As TINA, the Turkish Foundation for Underwa-
ter Archaeology, we attribute great importance to
our seas and its heritage. The exhibition titled “The
250th Anniversary of the Naval Battle of Cesme in
the Age of Enlightenment”, prepared with a selection
from the private collection of our President Oguz Ay-
demir, opened on July 7, 2020 in the Cesme District
of Izmir. The exhibition organized by Oguz Aydemir
opened its doors to a limited number of guests within
the scope of COVID measures and nearly 300 guests
viewed the exhibition. You can also find the details of
this important exhibition in our periodical.

In our thematic issue titled “Shipwreck Conserva-
tion”, we were able to include a few studies limited
to the pages of our periodical publication. We would
like to thank all scientists, colleagues and friends
who contributed with their articles. We also express
our gratitude to all our veteran colleagues who refe-
ree the submissions.

We would like to dedicate the “Shipwreck Conser-
vation” issue of 2020, which will be published in a
single volume, to two names who have dedicated the-
ir professional lives to conservation of waterlogged
wood. These colleagues, who are passionately devo-
ted to their field of work, generously provided their
valuable support and knowledge in the conservation
studies of the Yenikap1 shipwrecks that we started in
2005: We are grateful to Poul Jensen and Kristiane
Straetkvern and wish them success in their professio-
nal lives, and we dedicate this special issue to them.

Unfortunately we lost George F. Bass, the pioneer
of Underwater Archaeology on the day (March 3,
2021) we were about to publish our TINA Periodical.
We are in deep sorrow. We will remember him with
respect.

1
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OZET

Istanbul’un Yenikap1 semtinde 2004-2013 yillar1 arasinda
Istanbul Arkeoloji Miizeleri tarafindan siirdiiriilen
kurtarma kazilari, Bizans donemi Konstantinopolis’in
Marmara Denizi kiyisinda oldugu bilinen Theodosius
limanint giin 1518na ¢ikarmigtir. Kazilar sirasinda
bulunan MS 5-11. ylizyillar arasina tarihlendirilen 37
batik gemi kalintisi, tek bir kazi alaninda ¢ikartilan
en biliyik Orta Cag gemi koleksiyonu olarak
degerlendirilmistir. Bu makalede, Istanbul Universitesi
Sualtt Kiltir Kalintilari1 Koruma Anabilim Dali
tarafindan sorumlulugu tstenilen 31 geminin kazi,
dokiimantasyon, yerinden kaldirma ve koruma siiregleri
ele alinmistir. “Suya doymus” olarak nitelendirilen
gemi ahsaplariin bozulma durumu ve bu hasara neden
olan kosullart belirlemek igin maksimum su igerigi
Ol¢iimleri, SEM, XRF, XRD analizleri kullanilmustir.
Tuzdan arindirma islemini takiben demir korozyon
tirlinlerinin  ahgaptan uzaklastirilmas: icin kimyasal
ve mekanik yontemler kullanmilmistir. Suya doymus
bu ahsaplarin konservasyonunda, projemizde agirlikli
olarak PEG (polietilen glikol) ve gerektigi zamanlarda
melamin-formaldehit reginesinden faydalanilmaktadir.
Melamin formaldehit ydntemi su igerigi yiiksek,
yogunlugu diisiik gemi ahsaplarinda tercih edilmistir.
Gorece daha iyi durumda olan ve gelecekte sergilenmesi
muhtemel olan batik ahsaplari, yogunluk ve maksimum
su icerigi degerlerine gore tercih edilen 400, 2000,
3350 ve 4000 molekiil agirhigindaki PEG 6n emdirmesi
ardindan, vakumlu dondurularak kurutma islemine tabi
tutulmustur.

ABSTRACT

The salvage excavations carried out in the Yenikapi
quarter of Istanbul by the Istanbul Archaeological
Museums between 2004 and 2013 have yielded the
Theodosius Harbor which was known to have been
located on the shore of Marmara Sea in Constantinople
during the Byzantine Period. The 37 shipwrecks
found during the excavations dating from the 5th to
the 11th centuries AD, represent the largest collection
of medieval ships unearthed from a single excavation
site. The present paper discusses the excavation,
documentation, removal, and conservation processes of
the 31 shipwrecks excavated under the responsibility of
the Istanbul University’s Department of Conservation
of Marine Archaeological Objects. We used maximum
water content measurements, and FT-IR, SEM,
SEM-EDX, XRF, XRD analyses to determine the
degree of degradation of waterlogged timbers and the
conditions leading to this degradation. Both chemical
and mechanical methods were applied to remove
iron corrosion products from the wood following
desalination. For conservation of these waterlogged
timbers, we mainly use PEG (polyethylene glycol)
and melamine-formaldehyde resin when appropriate.
The melamine-formaldehyde method was preferred
when the water content in the ship’s wood was high
and the wood density was low. The timbers which
were relatively in a better condition and more likely to
be displayed in the future were first impregnated with
PEG with a molecular weight of 400, 2000, 3350 and
4000 based on the density and the maximum water
content of the wood, followed by vacuum freeze drying.

*Prof. Dr. Ufuk KOCABAS, Orcid ID: 000-0002-8489-929X. istanbul Universitesi Edebiyat Fakiiltesi Sualti Kiiltiir Kahntilarim Koruma

Anabilim Dali.
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Tuzdan arindirma ve emdirme asamalarinda
biyolojik aktivasyona kars1 Acticide SPX (izotiyazol)
kullanilmis, emdirme siirecinde batik ahsaplarindaki
kimyasalm dagilimi ve oran1 SEM goriintiilemeleri ve
FT-IR analizleri ile takip edilmistir. Ardindan vakumlu
dondurarak kurutma yonteminden yararlanilarak,
PEG’in otektik sicakligina gore belirlenen degerde ve
diisiik basing altinda kurutmaislemi gergeklestirilmistir.

YENIKAPI KURTARMA KAZILARI

Marmaray demiryolu ve Metro istasyonlarinin
kurulacag1 Istanbul’un Yenikap: semtindeki kurtarma
kazilarina Istanbul Arkeoloji Miizeleri Miidiirliigii
bagkanliginda 2004 yilinda baslanmistir (Fig.1).!
58.000 m?’lik alanda gergeklestirilen kazilar, birbirine
komsu bes alanda sirdiriilmistir> Marmaray
istasyonunun kurulacagi alanda gerceklestirilen, deniz
seviyesinin yaklasik 3 m iistiinde baglayan kazilarda,
istimlak edilen giiniimiiz binalarinin altinda ortaya
cikartilan ilk kalintilar Cumhuriyet’in erken yillarina
ve Osmanli dénemlerine ait kiiltiir katlar1 olmustur.
Bu kalmtilarin altinda -1 m seviyesinde goriilen ¢ok
sayida islenmis ahsap ve halat parcalar: nedeniyle bu
alanda daha kapsamli kazilarin gerceklestirilmesine
karar verilmistir. Siirdiiriilen kurtarma kazilarinda,
Konstantinopolis’in 4 ile 11. yiizyillardaki en biiyiik
ticari ulasim merkezi olan ve kurucusunun adi ile
anilan Theodosius limaninin biiyiik bir boliimii ortaya
cikartilmistir (Fig. 2). Bu liman dolgusunun tabani
icinde, giinliimiiz deniz tabaninin 6,30 m altinda, tarih
oncesi donemlere ait bir kiiltlir kat1 tespit edilmistir.
Canak Comlekli Neolitik doneme ait buluntular, kent
tarihi acisindan oldugu kadar bdlgenin tarih Oncesi
donemleri ile ilgili arastirmalar i¢in de biiyiik dnem
tagimaktadir.> Kazilar Miyosen tabakasinin bagladigi
yaklasik -10 m kot seviyesine kadar siirdiiriilmustiir.
Kazis1 gergeklestirilen 13 m kalmhgindaki kiiltiir
dolgusu i¢inde sirasiyla Osmanli, Bizans ve Neolitik
donemlere ait kiiltlir tabakalar1 tespit edilmis,
Arkaik, Klasik ve Helenistik donem buluntular: ile
karsilagilmistir. Kazilar deniz seviyesinin altinda,
dolayisiyla “islak kara” olarak tabir edilen alanda,
kum, sediment, camur ve en alt tabakalarda bataklik
dolgusu i¢inde siirdiiriilmiistiir. Bu tiir bir alanda kazi
yapmanin tlim zorluklarina ragmen, ortam sartlari,
ozellikle organik kalintilarm korunmasina yardimci
olarak gliniimiize kadar ulagmalarimni saglamistir.

1 Detayli bilgi i¢in bkz: KARAMANI PEKIN-KANGAL
2007; KOCABAS 2008, KOCABAS 2010; KIZILTAN-

BARAN CELIK 2013; AKKEMIK 2015; KOCABAS 2015a.
2 KARAMUT 2007; KIZILTAN 2007.

3 KIZILTAN 2011.
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Antibacterial agent Acticide SPX (isothiazole) was used
during desalination and impregnation procedures against
any biological activation, while dispersion and ratio of
chemical agents in the timbers during the impregnation
process was monitored by SEM screening and FT-IR
analysis. Subsequently, vacuum freeze-drying method
was used, followed by drying under low pressure and
at a value defined according to the eutectic temperature
of PEG.

YENIKAPI SALVAGE EXCAVATIONS

The salvage excavations at the Yenikapi quarter of
Istanbul, where the Marmaray railway and the subway
stations were about to be built, were initiated by the
Directorate of Istanbul Archaeological Museums in 2004
(Fig. 1).! The excavations were conducted in an area of
58.000 m? in five adjacent sections.? The first remains
unearthed under today’s buildings that were expropriated
during the excavations in the area, where the Marmaray
railway station was going to be built and approximately
3 m above the sea level yielded cultural strata from
the early Republican Period and Ottoman Period. We
decided to proceed with extensive excavations in the
area upon recovery of substantial amount of processed
wood and rope fragments. The salvage excavations
unearthed a large portion of the Harbor of Theodosius,
named after the founder of the harbor in Byzantine
Constantinople, that was the largest trade center during
the 4th and 11th centuries (Fig. 2). A cultural stratum
that belongs to Prehistoric Period was identified at about
6.30 m below sea-level, inside the deposit beneath the
harbor floor. Finds from the Ceramic Neolithic Period
were particularly important for history of the city as
well as for research on prehistoric periods in the region.’
The excavations were pursued down to -10 m elevation
where the Miocene layer began. The 13 m deep cultural
deposit where excavations took place, contained cultural
layers from the Ottoman, Byzantine and Neolithic
Periods respectively, as well as finds from the Archaic,
Classical and Hellenistic Periods. The excavations
continued below the sea-level, and hence in an area
called “wetland”, that consists of sand, sediment, mud
and in the wetland deposits at the very bottom layers.
Despite the challenges of performing excavations in such
an area, the environmental conditions were particularly
helpful for the preservation of organic remains, ensuring
that they have survived to the present day.

1 For detailed info please see: KARAMANI PEKIN-KANGAL
2007; KOCABAS 2008, KOCABAS 2010; KIZILTAN-BARAN

CELIK 2013; AKKEMIK 2015; KOCABAS 2015a.
2 KARAMUT 2007; KIZILTAN 2007.

3 KIZILTAN 2011.
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OSMANLI DONEMi

Marmaray istasyonunun giineyinde siirdiiriilen kazilarda
kismen ¢amur harg, kismen horasan har¢ kullanilarak,
diizglin olmayan taglarla Oriilmiis, birgok mekandan
olusan ve Osmanli dénemine tarihlenen bir yap1 grubu
ile bunun dogu ucunda yer alan ve muhtemelen 20.
yiizyila ait bir sarni¢ agiga ¢ikartilmistir. Osmanli kiltiir
kat1 iginde siirdiiriilen kazilarda iist kotlardaki yapilar
nedeniyle yer yer bozulmus, tag duvarlari ahsaplarla
destekli, muhtemelen 18. yiizyila ait iki bostan kuyusu
ve c¢ok sayida su kuyusu ortaya ¢ikmigtir. Osmanli
déneminde “Langa Bostan1” olarak adlandirilan bolgenin
sebze-meyve bahgesi olarak kullamldigim Istanbul’u
ziyaret eden seyyahlarin anlattiklarindan 6grenmekteyiz.
Yenikapi’da siirdiiriilen kazilarin {ist tabakalarinda
bulunan ve tarlalar1 sulama amacli insa edilmis olan su
dolaplar1, Osmanli doneminde eski limanin bostan olarak
degerlendirildigini kanitlayan mimari kalintilardir.

BIZANS DONEMi / THEODOSIUS LiMANI

Bizans Imparatorlugu’nun en énemli limanlarindan olan
Theodosius limani, kentin Propontis’e (Marmara Denizi)
bakan kiyisindaki derin bir koyda kurulmustu.* Limanin
dogu ucunda oldugu bilinen horrea Theodosiana ve
horrea Alexandrina gibi ambar binalarinin varligi,
burasinin Iskenderiye’den gelen gemilerin tasidig1 tahilin
ve diger maddelerin bosaltildig1 oldukga bilyiik bir ticari
liman olduguna isaret etmektedir. Lykos (Bayrampasa)
deresinin agzinda bulunan derin koy, biiyiik olasilikla
Imparator 1. Theodosius (379-395) zamaninda bir
mendirek inga edilmesiyle kurulmustur (Fig. 3).

4 MULLER-WIENER 1998, 8.

Fig. 1: Yenikap1 kazi alani.
Fig. 1: Yenikap1 excavation area.

OTTOMAN PERIOD

The excavations that took place to the south of the
Marmaray Station, yielded a group of structures
consisting of many rooms dating to the Ottoman Period
built with irregular cut stones, partially using muddy
mortar and partially brick dust mortar, and a cistern
located on the eastern end of this building group, possibly
dating to the 20th century. The excavations carried out in
the Ottoman cultural layer yielded two kitchen-garden-
wells with stone walls supported by wooden buttresses,
dating to the 18th century, and many drinking-water-
wells that were partially destroyed by the structures in the
layers above them. Based on the travelers’ travelogues,
who had visited Istanbul, we know that the area was
called “Langa Bostani” (Vlanga vegetable garden, T.N.)
during the Ottoman Period and was used for growing
vegetables and fruits. Ruins of water wheels built to
irrigate the gardens in the upper layers recovered during
the Yenikap1 excavations indicate that the old harbor was
used as a vegetable garden by the Ottomans.

BYZANTINE PERIOD / HARBOR OF THEODOSIUS

The Harbor of Theodosius, one of the major harbors
of the Byzantine Empire, was built in a deep bay on
the coast of Propontis (the Marmara Sea).* Presence
of granaries such as horrea Theodosiana and horrea
Alexandrina on the eastern end of the harbor suggests
that it was a capacious commercial harbor where ships
from Alexandria unloaded cereals and other materials.
The deep bay at the mouth of the Lykos (Bayrampasa)
Stream was improved probably during the reign
of Emperor Theodosius I (379-395) by building a
breakwater (Fig. 3).

4 MULLER-WIENER 1998, 8.
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Fig. 2: Konstantinopolis ve Theodosius limani.
Fig. 2: Constantinople and the Harbor of Theodosius.

Limanin Bizans dénemindeki adi ve kurulusuyla
ilgili degisik goriisler ve Oneriler mevcuttur.
Glinlimiize ulasan kaynaklarda aymi1 yerde
bulundugundan s6z edilen “Eleutherius limani1”
bir goriise gore, “Theodosius limani’nin
onciilidir ve 1. Constantinus doneminde
kuruldugu kabul edilmektedir. Liman, MS 6.-9.
ylizyillar arasindaki kaynaklarda ise “Kaisarios
limam” olarak yakimindaki yerlesim yerinin
adiyla anilmigtar.®

4. yiizyildan 7. ylizyila kadar aktif olarak kullanilan
liman, Misir’mn 641 yilinda Araplarin eline gegmesi
ile buradan gelen tahil sevkiyatinin sona ermesi
sonucunda islevinin énemli bir boliimiini yitirmigtir.

5 MAGDALINO 2013, 14; ERCAN 2010.
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There are different views and suggestions regarding
the name and foundation of the harbor during the
Byzantine Period. Some argue that the “Harbor of
Eleutherius”, which was known to be located at
the same place, is a predecessor of the “Harbor of
Theododius”, and it was built during the reign of
Constantinus I. According to the sources from the 6th
to 9th centuries, the harbor was also called “Harbor of
Kaisarios” after a settlement nearby.’

The harbor that was actively used from the 4th to the
7th century, lost its significance following the invasion
of Egypt by the Arabs in 641, which ended the cereal
trade from that region.

5 MAGDALINO 2013, 14; ERCAN 2010.
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Fig. 3: Urbis
Constantinopolitanae
Delineatio. 1422
tarihinde Floransah
Christophoro de
Buondelmonte
tarafindan yayimlanan
Istanbul’un en eski
goriintiisii.

Fig. 3: Urbis
Constantinopolitanae
Delineatio. Oldest view
of Istanbul published
in 1422 by the
Florentine Cristoforo
Buondelmonti.
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Fig. 4: Istanbul Arkeoloji Miizeleri Kiitiiphanesi’nde bulunan ve 1873 yihnda Yiiksek Miihendis Dimitriadis
Efendi tarafindan yapilan 28 metre uzunlugundaki istanbul deniz surlari ciziminin Yenikapi kismin1 gosteren bir
béliimii. Cizim Yedikule’den baslayip Sarayburnu’nda sona erer.

DAVUTPASA ISKELESI YENIKAP



| LIMANI

Kazilarda ele gegen ve 4 - 7. yiizyillara tarihlenen
Dogu Akdeniz Misir amforalar ile 4 - 7. ylizyillara
tarihlenen Filistin kokenli amforalarin sayica fazla
olmasi, buna karsin 7 ve 8. yiizyila ait buluntularin
azlig1 bu goriisii desteklemektedir.® Ancak, kuzeyden
akan Lykos deresinin getirdigi mil ve molozlarla batidan
baslayarak dolmaya baglayan limanin dogusu bir siire
daha kullanilmig, 11. yiizyilla kadar kiigiik gemiler
ve balik¢1 tekneleri tarafindan kullamlmaya devam
etmigtir. 12. yilizyilin sonlarindan itibaren tamamina
yakin bir kisminin dolmasindan sonra liman, sadece kiy1
denizciligi yapan balik¢1 ve kiiclik nakliye gemilerine
barnak olmustur. Sonraki siiregte iyice dolan limana
13. ylizyilin ikinci yarisinda deri tabaklama isi yapan
Yahudiler yerlestirilmis, Istanbul’un fethinden sonra
ise liman tamamen doldurularak karaya katilmis ve
bostan alan1 olarak tahsis edilmistir.” Tarihsel kalintilart
incelemek amaciyla 16. yiizyilin ortalarinda Istanbul’a
gelen gezgin Petrus Gyllius (1490-1555) Thedosius
liman1 hakkinda 6nemli bilgiler vermistir.®

Sultan II1. Mustafa doneminde (1757-1774) Laleli Camii
ingaatindan ¢ikan molozla doldurulan liman alani, Rum
ve Ermeni vatandaglara satilmig, surlarinin bir kismi
ise 19. ylizyilda demiryolu insaati sirasinda yikilmigtir
(Fig. 4). Liman sahasi1 20. yiizyilda sahil yolunun
ingas1 ile giinliimiizdeki goriiniimiini  kazanmuigtir,
Liman, gezginlerin notlarinda da belirtildigi gibi biiyiik
bir dalgakiranla korunmaktaydi. Batida Davutpasa
Iskelesi’nden baslayan dalgakiran dogu ve kuzeydogu
istikametinde kivrilarak uzanmaktaydi.’

6 ASAL 2007, 155.

7 BERGER 1994, 263.

8 GYLLIUS, De Topogra Phia Constantinopoleos, 1V, VIII.
9 SEMIZ-AHUMBAY 2014.
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This suggestion is supported by the large amounts of
amphora finds of the Eastern Mediterranean, Egyptian
origin dating to the 4th to 7th centuries, and the amphoras
of the Palestinian origin dating to the 4th to 7th centuries
yielded from excavations compared to the scarcity of finds
dating to the 7th and 8th centuries.® However, the easten
part of the harbor, which began to have silted up from the
west by silt and debris brought by the Lykos stream from
the north, was used for a while, and it continued to be used
by small vessels and fishing boats until the 11th century.
Starting with the late 12th century, almost the entire harbor
was filled with debris, and it became a shelter for fishing
and coastal traders. In the following period, the harbor was
pretty much filled with debris, and in the second half of 13th
century, Jews specialized in leather tanning were settled in
the area; following the conquest of Istanbul, the harbor was
completely silted up, and became part of the mainland and
reserved as a vegetable garden.” Petrus Gyllius (1490-1555),
an explorer who visited Istanbul in the mid-16" century
for his research on historical remains, provides substantial
information about the Harbor of Theodosius.®

The harbor area was filled with rubble from the demolished
Laleli Mosque during the reign of Sultan Mustafa III (1757-
1774), and then sold to the Roman and Armenian citizens
of the Ottoman Empire, while parts of the harbor walls
were demolished during the construction of the railroad in
the 19" century (Fig. 4). The harbor area gained its present
appearance after the construction of the coastal road in
the 20" century. As described in explorers’ accounts, a
large breakwater used to protect the ancient harbor. The
breakwater extended from the present Davutpasa Pier in the
west curving to the east and northeast.’

6 ASAL 2007, 155.

7 BERGER 1994, 263.

8 GYLLIUS, De Topographia Constantinopoleos, 1V, VIII.
9 SEMIZ-AHUMBAY 2014.

Fig. 4: Part of a 28 m long drawing from 1873 by Master Engineer Dimitriadis Efendi in the library of istanbul
Archaeological Museums, depicting the Yenikapi part of the istanbul sea walls. The drawing comprises the part

that starts in Yedikule, ending in Sarayburnu.

LANGA YENIKAPI



Fig. 5: Limanin batt kismini olugturan ve giiniimiizde 100 Ada olarak adlandirilan bolgede ortaya ¢ikarilan mimari kalintilar.
Fig. 5: Architectural remains revealed in the area presently known as “100 ada” (Block 100) that forms the western part of the harbor.

MiMARI BULUNTULAR

100 ADA KAZI CALISMALARI

Limani batisinda yer alan 2. Bolge ya da “100 Ada” olarak
isimlendirilen bolge ile dogusunda bulunan 3. Bolge’de
yapilan kazilarda agiga ¢ikartilan mimari kalintilar, limanin
kurulusu ile ilgili 6nemli bilgilere ulasmamizi saglamigtir
(Fig. 5). Siirdiiriilen kazilarda deniz surlar, biyiik tas
bloklardan inga edilmis rihtim, dalgakiranin baglangi¢
boliimii ve liman surlarinin bir kismi agiga ¢ikartilmstir.
Kuzey-giiney yoniinde uzanan rihtim taglar1 iizerine agilmig
dikdortgen deliklerin, gemilerin palamar halatlar i¢in
kullanildig1 diistiniilmektedir. Mevcut uzunlugu 25, genisligi
2,80 m olan rthtim, kum zemin iizerine oturtulmustur.'®
Rihtimin dniinde doguya dogru derinlesen deniz tabaninda
ise 30 civarinda tas ¢apa bulunmustur. Limanin bati smirini
olusturan kesme tag ve tugla siralariyla almagik bicimde
insa edilmis olan Theodosius surlarinin bir bolimi agiga
cikartilmistir. Ayrica 54 m’lik kism takip edilen diger bir
duvar kalintisinin, gerek orgli teknigi gerekse bulunan
sikkeler neticesinde 4. yiizyilda insa edildigi ve Konstantinus
suruna ait olabilecegi diisiiniilmektedir."

KILISE KALINTISI

Yenikap1 kazi alaninin kuzeybatisindaki Metro boliimiinde
ortaya c¢ikartilan kilise, limanin dolmaya bagladig1 12-13.
yiizyilda insa edilmistir. 9,50 x 11,45 m boyutlarindaki dogu-
bati dogrultulu kalint, ilk kullanim evresinde tek apsisli olup
sonradan kuzey ve giiney yanlarina basit tag orgiilii birer
nef ilave edilerek ii¢ apsisli bir yapiya doniistiiriilmistiir.
Neflerin iigliniin de taban dosemesi izlenememistir.
Kilisenin iginde ve g¢evresinde, 6zgiin durumda 23 mezar
bulunmustur.'? 1ki mezarda, iki il @ist {iste gdmiildiigiinden
iskelet sayis1 24 olarak tespit edilmistir. Kilise ve ¢evresinde
ele gecen buluntular 13. yiizyila tarihlenmektedir. Ayrica
kilisenin giineyinde, depo olarak kullanmldig: diisiiniilen bir
mekan ortaya ¢ikartilmistir.

10 GOKCAY 2007, 171.
11 GOKCAY 2007, 172-173.
12 GOKCAY 2007, 174-175.
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ARCHITECTURAL FINDS
EXCAVATIONS AT PARCEL 100

The architectural remains revealed during the excavations
in the Section 2 or the area called “100 ada” (Block 100) to
the west of the harbor, and in the Section 3, the area to the
east of the harbor, provided us with important information
on harbor’s foundation (Fig. 5). As the excavations were
carried out, sea walls, a pier built of large stone blocks,
the land section of the breakwater and parts of the harbor
walls were revealed. It is thought that the rectangular holes
cut into the quay blocks extending north to south were
used for mooring lines of ships. The 25 m long, and 2.8 m
wide pier was founded on sand.'® About 30 anchors were
found in front of the quay in the harbor floor that deepens
to the east. A part of the Theodosius seawalls, which form
the western border of the harbor and were built using
alternative layers of cut stones and bricks, was uncovered.
Additionally, the remains of another wall, of which a 54
m- long part was observed, is thought to be part of the
Constantine’s walls, and dated to the 4th century based on
the masonry technique and the coins that were yielded."

CHURCH REMAINS

The subway section to the northwest of Yenikap1
excavation area yielded a church, that was built in the
12" and 13" centuries when the harbor had already begun
to silt up. The remains that measure 9.5m x 11.45m in
dimensions lying in the east-west direction, used to have
a single apse during the initial phase of the structure, and
then with the addition of a nave built with stone masonry
on both north and south sides, it was transformed into a
structure with three apses. The floor coverings of the three
naves could not be observed. Twenty three graves were
found in situ inside and around the church.'? A total of 24
skeletons were identified since two graves contained two
burials each.

10 GOKCAY 2007, 171.
11 GOKCAY 2007, 172-173.
12 GOKCAY 2007, 174-175.



ISKELELER

Sayilar1 yirmiyi bulan iskelelerden ikisi tas,
digerleri ahsaptir (Fig. 6). Iskeleler limanim
kuzeydeki rihtimindan giineye, denizin ig¢ine dogru
uzanmaktadir. Iskelelerin ahsap ayaklarindan alinan
orneklerin  dendrokronolojik sonuglari,
bunlarm 5. yilizyilin bagindan itibaren insa edilmeye
baglandigi yoniindedir. Tag iskelelerden birisi
Metro kazi alaninin kuzeydogu, digeri kuzeybati
kesimindedir. Kuzeydogudaki iskele, giineybati-
kuzeydogu dogrultusunda olup, araliklarla birbirini
takip eden bes ayaktan olusmaktadir. Ayaklarin
tespit edilebilen toplam uzunlugu 32,50 m’dir.
Araliklarla inga edilen ayaklar birbirine kemerlerle
baglanmustir. Iskele, 8. yiizy1l sonu veya 9. yiizyil
baglarma tarihlendirilmistir. Kuzeybatida yer alan
diger tas iskelenin 6nemli bir kismi tahrip olmustur.
100 Ada bolgesinde bulunan iskele kaziklarindan
alinan Ornekler iizerinde yapilan dendrokronoloji
analizleri, iskelenin 527-610 tarihleri arasinda
kullanimda kaldigin1 ve 539 ile 591 yillarinda
onarim ge¢irdigini gostermistir.

analiz

Fig. 6: Ahsap iskelelere ait ayak-kaziklar.
Fig. 6: Wooden pier footings.
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Finds yielded in and around the church were dated to
the 13" century. Another building thought to be a used
as a warechouse was revealed to the south of the church.

PIERS

Two of the up to twenty piers were built with stones, the
remaining were built with timbers (Fig. 6). The piers
extend from the wharf inside the harbor, projecting
out into the sea. Dendrochronological analyses on the
samples from wooden pier footings indicate that they
were constructed from early 5™ century. One of the
stone piers is situated to the northeast and the other
one to the northwest of the subway excavation area.
The northeast pier running southwest to northeast
consists of five adjacent footings with spacing. The
total length of footings that could be identified is
32.50 m. The footings were connected to each other
by arches. The pier was dated to the late 8" century,
or early 9" century. An important part of the other
stone pier situated to the northwest was demolished.
Dendrochronological analyses on the samples from the
pier footings situated in Block 100 suggest that the pier
was in use between 527-610 AD and underwent repair
between 539 and 591 AD.
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GEMILER

Kazilar sirasinda bulunan 37 gemi kalintisi bilim
cevreleri tarafindan diinyanin en genis Orta Cag
gemi koleksiyonu olarak degerlendirilmektedir.
Istanbul Universitesi Sualti Kiiltiir Kalintilarin
Koruma Anabilim Dal1 adina Prof. Dr. Ufuk Kocabas
bagkanligindaki gemi eksperleri ve konservasyon
uzmanlarindan olusan ekip, toplam 27 batik lizerinde
sirdiirmekte oldugu bire bir ¢izim, inceleme,
degerlendirme ve yapim teknolojisi caligmalari
ile toplam 31 batigin konservasyonuna devam
etmektedir.”® Kazilarin basladigi giinden itibaren
sahada olan ve Prof. Dr. Cemal Pulak baskanliginda
calismalara katilan Texas A&M  Universitesi
uzmanlari, sekiz batigin araziden kaldirilmasi ve dort
batigin konservasyonundan sorumlu olmustur'®.

NEOLITIK DONEM

Glinimiizde Marmaray istasyon alanmma denk
gelen bolgenin batisinda -6,30 m kotunda, taban
dolgusundan farkli plan veren tas siralari, daginik
halde yanmis kerpi¢ pargalar ile el yapimi canak
¢omlegin bulundugu Neolitik tabakaya ulagilmistir.
flerleyen kazi calismalarinda, Neolitik yerlesmenin
kuzeyde Metro kazi alanina yayildig1 belirlenmistir.
Bu tabakaya ait mimari ve diger buluntular Marmara
Bolgesi’nin, ozellikle de Istanbul’un Neolitik Cag
kiiltiirleri olarak bilinen Fikirtepe ve Yarimburgaz’la
cok benzestigi goOriilmiistiir>. Mimari kalintilarin
dogusundaki ¢anagin ortasinda yer alan dere
yataginda mese ve akagac oldugu belirlenen toplam
198 adet agacin alt gévde kisimlar1 ve kokleri tespit
edilmistir. Dere yatagi {izerinde, ortalama -8,15 m
kotunda kil zemin iizerinde, igleri dere kumuyla
dolmus, Canak Comlekli Neolitik Cag insanlaria
ait 2.080 adet ayak izi bulunmustur. Yerlesmede ii¢
farkli 61t gomme sekli tespit edilmis olup, 4 gomiitte
5’1 erigskin olmak iizere toplam 8 iskelet agiga
¢ikartilmistir. Erigkinlerden iigliniin kadin, birinin
erkek oldugu belirlenebilmistir. GOmiitlerin ayirt
edici 6zelligi, ahsap kullanimidir (Fig. 7).

13 KOCABAS 2015b

14 Detayl bilgi i¢in bkz.: PULAK vd 2015; JONES 2017, INGRAM
2018.
15 KIZILTAN 2010.
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SHIPS

The 37 shipwrecks uncovered during the
excavations are considered the largest medieval
shipwreck assemblage in the world by scientific
circles. A team of ship experts and conservation
specialists continue the conservation work of 31
shipwrecks, with full scale drawings, analyses,
evaluations and construction technology work on
a total of 27 shipwrecks, under the direction of
Prof. Ufuk Kocabas on behalf of the Department
of Conservation of Marine Archaeological Objects
at Istanbul University.”” Specialists from the
Texas A&M University who participated in the
excavations and worked in the field since day
one under the supervision of Prof. Dr. Cemal
Pulak, were responsible for the removal of eight
shipwrecks from the field, and the conservation of
four shipwrecks.!*

THE NEOLITHIC PERIOD

To the west of the area of the present Marmaray
station, a Neolithic layer was reached at -6.30 m
with a different layout compared to the bottom,
containing scattered burnt adobe fragments and
hand-crafted pottery. Ongoing excavations found
that the Neolithic settlement extended into the
subway excavation area to the north. Architectural
and other finds from this layer were very similar to
the Neolithic Age cultures of the Marmara Region,
particularly to Istanbul’s Neolithic cultures in
Fikirtepe and Yarimburgaz.'> Lower trunk sections
and roots of a total of 198 trees that were identified
as oak and silver birch were found in the stream bed
at the center of the basin lying to the east of the
architectural remains. We also found 2080 footprints
of people from the Ceramic Neolithic Period, which
were filled with sand at -8,15 m on the stream bed.
There were three types of burials in the settlement,
and 8 skeletons were found in 4 graves, of which
5 belong to adults. Three adult skeletons belong to
women, and one belongs to a man. A distinctive
feature of the graves was the use of wood (Fig. 7).

13 KOCABAS 2015b

14 For further inormation, please see PULAK et al. 2015; JONES 2017;
INGRAM 2018.
15 KIZILTAN 2010.
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Fig. 8: Batiklarin kazi alanindaki dagilimi.
Fig. 8: Breakdown of shipwrecks in the
.excavation area.
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HAMIE KEMAL CADDESI
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YENIKAPI BATIKLARI

Yenikap1 kazilarinda ele gegen 37 batik, Bizans
Imparatorlugu’nun  deniz ulasimindaki ~gesitliligini
gozler Oniine sermektedir (Fig. 8). Zamanin dondu-
rulmus bir kesitini sunan Theodosius limaninda bulunan
farkli yiizyillara tarihlenen gemiler, Akdeniz’de gemi
yapim geleneklerinin gelisimine 151k tutmaktadir. VI
Leon’un yasalar1 arasinda gemi yapiminin yabancilara
ogretilmesi ile ilgili bir yasagin yer aldig1 bilinmektedir.
Yasanin temeli: “Diisman kendisini bizden daha giiclii
yapabilecek hi¢bir nesneye sahip olmamalidir.” ilkesine
dayanir. Bu gergevede sadece iiriinler degil hizmetler
icin de bir “yasaklama” s6z konusu olabilmektedir. 10.
yiizyilin son ¢eyreginde, Epanagoge kanununda sdyle
denmistir: “Barbarlara gemi insaatin1 6gretenler idam
cezasiyla cezalandirilirlar”.'s

Yenikap1 batiklari, kullanim amaglarina goére temel olarak
iki grupta ele alinabilir. Birinci grup 5.-11. yiizyillardan
kalma degisik boyutlardaki ticaret gemileriyle temsil
edilmektedir. Kadirga veya kiirekli gemiler ise Yenikap1
batiklarmnin ikinci grubunu olugturmaktadir.'”

16 BALASKA-SELENTI 1997.

17 Detayh bilgi igin bkz.: KOCABAS-OZSAIT KOCABAS 2013;
KOCABAS 2015b; OZSAIT KOCABAS 2011; OZSAIT KOCABAS
2012; OZSAIT KOCABAS-KOCABAS 2008; TURKMENOGLU 2012;
2017; GULER 2017; 2019.
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YENIKAPI SHIPWRECKS

The 37 shipwrecks yielded during the Yenikapi
excavations display diversity of maritime transportation
during the Byzantine Empire (Fig. 8). Dating to
different centuries, the shipwrecks found in the Harbor
of Theodosius offer a frozen section in time, shedding
a light on the evolution of shipbuilding traditions in
the Mediterranean Region. It is known that teaching
shipbuilding to foreigners was banned according to
legislation of emperor Leon VI, which was based on the
following principle: “The enemy should not own any
object that can make the enemy stronger than us”. In this
context, the ban encompassed not only the products, but
also services. In the last quarter of the 10" century, the
Epanagoge states: “Whosoever teaches the barbarians
to build ships will be liable to capital punishment”.'s
The Yenikap: shipwrecks can be categorized into two
main groups based on their purpose of use. The first
group is represented by the merchantmen of various
sizes from the 5™ to 10" centuries. Galleys and oared
longships compose the second group of Yenikapi
shipwrecks.!”

16 BALASKA-SELENTI 1997.

17 For detailed information, please see KOCABAS-OZSAIT
KOCABAS 2013; KOCABAS 2015b; OZSAIT KOCABAS 2011;
OZSAIT KOCABAS 2012; OZSAIT KOCABAS-KOCABAS 2008;
TURKMENOGLU 2012; 2017; GULER 2017; 2019.



TICARET GEMILERI

Bizans Imparatorlugu’nun tipik ticaret gemileri, Latin
yelkenli, ki¢ omuzlukta bulunan iki diimen kiiregi
tarafindan yonlendirilen, gévdeye yuvarlak bir goériiniis
veren kavisli bas ve ki¢ bodoslamasina sahip, derin
omurgasi olmayan gorece kiiciik gemilerdir. Bu durum
13. yiizyihn sonuna kadar Akdeniz’deki yelkenli
gemilerde standart nitelik olarak kalmigtir. Yenikapi
kazi alaninda bulunan batiklar bu tanimin arkeolojik
destegini saglamaktadir. Istanbul Universitesi’nin
sorumlu oldugu ticaret gemileri, 5. yiizyildan 10.
yiizyila kadar devam eden bir siirece ait, ¢esitli boyut
ve konstriiksiyonlardaki gemilerdir. Kendi aralarinda-
ki boyutlarina gore kiigiik (YK 6, YK 7, YK 8, YK 9,
YK 12, YK 18, YK 19, YK 20, YK 26, YK 30) olarak
tanimladigimiz gemilerin hepsi orta kesitinde diiz, genis
dosekli ve yuvarlak karina doniisiine sahiptir; biri harig
(YK 30 pimsiz zivanali birlestirmeye sahiptir) hepsi
kavela kenar birlestirmesine sahiptir. Boylar1 7 m ile
12 m arasinda degisen bu gemiler, kisa mesafelerde ve
kiy1 denizciliginde kullanilmig olmalidir. Gérece orta
biiyiiklikte (YK 3, YK 10, YK 15, YK 21, YK 29, YK
31, YK 32, YK 34, YK 37) ve biiyiik (YK 17, YK 22,
YK 27 ve YK 35) olarak grupladigimiz ve olasilikla agik
denizde seyreden gemiler, agir yiik tagiyabilme 6zelligine
sahip kalin ve sik egriler, i¢ kusaklar gibi uzunlamasina
giiclendirici  elemanlar1 olan gemilerdir. Kenar
birlesimleri zivanal, kavelali ve kenar birlestirmesiz
olarak {i¢ farkli ¢esitte belirlenmistir. Yenikapi kazi
alaninda dort gemi (YK 1, YK 3, YK 12, YK 35) yiikii
ile birlikte bulunmugtur.'® Gemilerin yiikleri Istanbul
Arkeoloji Miizeleri tarafindan galigilmaktadir.

KADIRGALAR

Yenikap1 kazilarinin en 6nemli kazanimlarindan olan
kadirgalar, Bizans metinlerinde galea olarak bahsedilen,
tek sira kiirekli kesif gemileridir. Kadirgalarin Bizans
donemine tarihlenen bu ilk arkeolojik 6rnekleri uzun,
narin govde yapilari, kiirekei oturaklari, kiirek delikleri
ve kullanilan ahsap tiirii ile ticaret gemilerinden
oldukea farklidirlar. Kadirga kalintilar1 sualt1 arkeoloji
caligmalarinda ¢ok nadir olarak kargimiza ¢ikmaktadir.
Ticaret gemileri yiikiin, amforalarin, tas gapalarin ve
balans taslarinin altinda korunurken, ortam sartlarina
dogrudan maruz kalan kadirgalar ticaret gemilerine gore
daha ¢ok bozulmalara ugrayarak kolay yok olmaktadir.
Bizans donanmasinda kullanilan kadirgalar simdiye
kadar sadece ikonografik kaynaklardan takip edilmekte
oldugundan, bulunan bu ilk 6ncii 6rnekler gemi insa
teknolojisinin incelenmesi agisindan benzersiz bir
imkan sunmustur.

18 KOCABAS 2015a
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MERCHANTMEN

Typical merchantmen of the Byzantine Empire
were Lateen rigged, relatively small vessels, with
two quarter-rudders at the stern, curving stems and
sternposts that give the hull a round form, and shallow
keels. This was a standard description for sailing
ships across the Mediterranean Sea until the late
13" century. The shipwrecks uncovered at Yenikapi
provide the archaeological evidence to support it.
The merchantmen studied under the responsibility of
Istanbul University represent ships of various sizes
and construction methods spanning to a period from
the 5™ to the 10™ centuries. All ships described as
small compared to others in the assemblage (Vessels
YK6,YK7,YK8 YK9, YK 12, YK 18, YK 19, YK
20, YK 26, and YK 30) have flat floor timbers with
rounded bilges in the central parts; all but one (YK 30
has unpegged mortise-and-tenons) were edge-fastened
with dowels. Their lengths vary from 7 to 12 m, and
they were likely used for coastal seafaring over short
distances. The group of medium-sized vessels (YK 3,
YK 10, YK 15, YK 21, YK 29, YK 31, YK 32, YK
34, and YK 37) and large vessels (YK 17, YK 22, YK
27 and YK 35) were possibly navigating open seas,
having a high load capacity, thick and frequent frames,
and longitudinal reinforcement such as stringers.
Three different types of edge joints were used for
construction, including mortise-and-tendon joints,
dowel joints, and no edge-fasteners. Four ships were
recovered with their cargo in the Yenikap1 excavation
area (YK 1, YK 3, YK 12, and YK 35)."8 Their cargo
has been studied by the Istanbul Archaeological
Museums.

GALLEYS

One of the most important achievements of the
Yenikap1 excavations are the recovery of ships with
one row of oars, referred to as galea in Byzantine
texts. By their long slender hulls, thwarts for oarsmen,
oarports and types of timber, these first archaeological
examples of the galleys dating to the Byzantine Period
are distinguished from the merchantmen. Recovery of
galley remains is very rare in marine archaeological
surveys. While the merchantmen remain preserved
beneath their cargo, amphoras, killicks, and
ballasts, galleys that have been directly exposed to
environmental conditions tend to decompose and
disappear much easier than merchantmen. Since the
galleys used by the Byzantine armada could only
be traced in iconographical sources till now, these
pioneering finds have provided a unique opportunity
for examining their shipbuilding technology.

18 KOCABAS 2015a
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Kadirgalarin dar ve uzun govde tasarimlari, hafif ve
esnek ahsaplari, savag gemilerinde istenen hiz ve
manevra kabiliyetini saglamistir. Yenikapi’da ele gecen
6 kadirgadan dordiiniin (YK 13, YK 16, YK 25, YK
36) yerinden kaldirma, belgeleme ve konservasyonunu
Istanbul Universitesi ekibi iistlenmistir. Bu kiirekli
gemilerin, Bizans vakaniivislerinin soziinii ettigi
“galea” gemileriyle ilgili oldugu diisiiniilmektedir. Bu
tiir kadirgalar Bizans donanmasinda Imparatorluk’un
asil savas gemilerini olusturan “dromon” tipi gemilere
onciilik eden tek sira kiirekli kesif gemileridir.”
Kadirgalar tizerindeki ¢aligmalar heniiz sonuglanmasa
da konstriiksiyonlar1 hakkinda ©n veriler elde
edilmistir. YK 13, YK 16 ve YK 25’in ince uzun yapili
govdelerinin boyu yaklasik olarak 30 m, genislikleri
ise yaklasik 4 m olarak hesaplanmugtir. Tek sira kiirekei
oturagina sahip kadirgalar, bir tarafinda 25 kiiregi,
toplamda 50 kiiregi bulunan ¢ektiri tarzi gemilerdir. YK
16 numarali kadirganin detayli incelemeleri sonunda
belirlenen 16 adet yuvanin kiirek¢i oturaklarina ait
olduklar1 anlagilmistir. Bunlarin merkezleri arasindaki
uzaklik 90 ile 97 ¢cm arasinda degismektedir. Boylece
simdiye kadar ikonografik ornekler {izerinden gelisen
kiirekcilerin oturma mesafelerine dair ilk bilimsel
kanitlar ortaya konmustur.?’

KAZI VE ARASTIRMA

Limanin dolmas: sonucu karada ele gecen batiklar
formlari ve in situ duruslart ile tanimlanabilir durumdadir.
Batiklara ait ahsap elemanlarin, orijinal govde bigimleri,
dosek ve posta kavisleri izlenebilmektedir. Cogunun
karina lizerine ve birka¢inin da kiipestelerine kadar
yiikselen kaplamalari, 6zellikle tasarimlari hakkindaki
bilgileri biitiinlestirmemizi saglarken, yapim teknikleri
hakkinda da simdiye kadar bilinmeyen bir¢ok veriye
ulasmamiz miimkiin olmustur.®’ Istanbul Arkeoloji
Miizeleri tarafindan belirlenen ve kazis1 gergeklestirilen
batiklar, caligmanin baglangicinda gecici bir cadir
sistemi ile koruma altina alinarak, gemilerin 1slak
kalmasint saglayacak sprey sulama diizenegi ile
donatilmistir (Fig. 9). Calisma i¢in uygun kosullarin
olusturulmasiyla birlikte batiklarin detayli temizlik ve
belgeleme agsamalarina gegilmistir. Tiim bu agamalarda
bozulma durumlar yliksek olan gemi ahsaplarina fiziksel
temastan kaginilmis, bu amagla batik lizerine koprii ve
iskele sistemleri kurularak c¢alismalar siirdiiriilmiistiir
(Fig. 10).

19 PRYOR-JEFFREYSS 2006.
20 KOCABAS 2012.
21 KOCABAS 2015b
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timbers seem to have enabled the desired speed and
maneuverability in war ships. Lifting, documentation
and conservation of four of the six galleys yielded
during the Yenikapi excavations (YK 13, YK 16,
YK 25, and YK 36) have been undertaken by the
Istanbul University team. These oar-driven vessels
are probably connected with “galea” mentioned in
Byzantine texts, which represents single-bank scout
ships that lead the way for the prime war ships called
“dromons” in the Byzantine navy.'® Although studies
on these galleys are still ongoing, we already have
preliminary data on their construction techniques.
The slender and long hulls of YK 13, YK 16 and YK
25 shipwrecks are around 30 m in length, and around
4 m in width. Galleys with single bank represent
trireme type of ships with a row of 25 oars on each
side, and a total of 50 oars. A comprehensive analysis
on YK 16 showed that the 16 rowlocks are thwarts
for oarsmen. The distance between the centers of
these rowlocks vary from 90 to 97 cm. Thus, we have
established the first scientific proofs on the distance
of oarsmen’s banks, which was, up to now, based on
iconographic examples.?

EXCAVATION AND STUDIES

Shipwrecks yielded on land due to silting up of
the harbor were identifiable by their forms and
in situ conditions. The original hull forms, floor
timbers, and futtock curves can be observed. Most
of the shipwrecks with planking reaching the
bottom of the vessel, and bulwarks in some cases
helped us integrate the information about their
design while providing many data on construction
techniques hitherto unknown.?’ The shipwrecks
that were identified and excavated by the Istanbul
Archaeological Museums have been temporarily
protected under a tent, incorporating a water-spray
system to keep them wet (Fig. 9). Upon creation of
a suitable working environment, we started detailed
cleaning and documentation procedures. During all
these stages, direct physical contact with severely
deteriorated timbers was avoided, and thus a scaffold
system was installed over the shipwrecks to proceed
with studies (Fig. 10).

19 PRYOR-JEFFREYS 2006.
20 KOCABAS 2012.
21 KOCABAS 2015b



Fig. 9: Batiklar tizerine kurulan gegici ¢adirlar.
Fig. 9: Temporary tents over the shipwrecks.

Fig. 10: Batiklarda kaz1 ve temizlik.
Fig. 10: Excavation and cleaning of the shipwrecks.
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IN SITU BELGELEME

Etiketleme batiklarin omurgalarindan baslayan,
dizilim sekansina gore gergeklestirilmistir. Cizim,
caligmanin ilk yillarinda elektronik oOlgii aletleri
yardimiyla gergeklestirilen el ¢izimi batik sayisinin
artmasiyla birlikte jeodezik cihazlarin kullanildigi
“Total Station” yoOntemine yerini birakmistir.
Sistematik dahilinde batik iizerinden alinan referans
noktalarinin, bilgisayar ortaminda birlestirildigi ve
tamamen 3 boyutlu goriintiilerin elde edildigi bir
teknikle gerceklestirilmeye baglanmistir (Fig 11).
Bu yonteme ek olarak gemilerin gévde kisimlarini
olusturan kaplamalar, seffaf asetat {izerine 1:1
Olceginde cizilerek detayli olarak belgelenmektedir.
Kaplamalarin {izerine serilen asetat tabakalara, sabit
kalemlerle kaplama hatlari, parileler, ¢iviler, kalafat,
macun, alet izleri degisik renk ve tarama sekilleriyle
islenmistir (Fig 12).

Batiklara ait her bir ahsap elemanin in sifu genel ve
detay fotograflar1 ¢ekilmis; ozellikle gemi yapim
tekniklerini belirlemede 6nemli ipuglar1 veren ahsap
elemanlar arsindaki konumsal iliskiler, birlesme
gecmeleri araziden kaldirma oncesi detayli olarak
fotograf ve video ile belgelenmistir. Bu kayitlarin
yani sira ekibimiz tarafindan tasarlanan 6zel rayl
bir konstriiksiyon yardimi ile her batik i¢in foto-
mozaik ¢aligmasi gerceklestirilmistir. Bu yontemle,
batigin biiyiikliigiine gére 100-300 dijital fotograf
karesi cekilerek, tiim fotograflar Adobe Photoshop
programinda birlestirilmekte, boylece gemilerin
cok yiiksek c¢oziniirlikte ve dogrulukta tek bir
goriintiisiinii igeren Slgekli ¢iktist elde edilmektedir
(Fig 13).

Arazide kaldirma islemine gecilmeden Once tiim
gorsel notlar; batiklara ait her bir ahsap elemanin
tanimi, etiket numarasi, krokisi, boyutlari, baglanti
elemanlar1 sayis1 ve tanimlari, orijinal gecmeleri,
alet izleri, diger ahsap elemanlara olan konumu vb.
Ozellikleri, ekibimiz tarafindan olusturulan standart
formlara kaydedilerek katalog haline getirilmistir.?

22 OZSAIT KOCABAS 2008; OZSAIT KOCABAS 2010.
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IN SITU DOCUMENTATION

Labelling of the timbers started from the keels, with
sequential numbering. As the number of shipwrecks
increased, the drawings initially made by hand using
electronic measurement devices were replaced
by the “Total Station” method using geodesic
equipment. The new technique included reference
points measured from the shipwreck and combined
to obtain fully 3D images (Fig 11). In addition to
this, the hull planks were documented in detail at
1:1 scale by drawing on a clear acetate. The outlines
of the planks, scarfs, nails, caulking, pitch and tool
marks were marked in different colors and hatching
patterns on acetate sheets that were spread on the
planks (Fig 12).

Both overall and individual photos of each timber
were taken in situ; and, particularly connections,
i.e., positional relationships between timber
components, which provide important clues in
determining ship construction techniques, were
documented in detail by photography and filming
before lifting. Furthermore, a photomosaic work
was performed for each shipwreck using a specific
rail system that was designed by our team. This
method allowed combining 100 to 300 digital
images, depending on the size of the shipwreck,
using Adobe Photoshop so that a single image of
the ships with a high resolution and accuracy was
obtained (Fig. 13).

Before lifting, all visual observations, including
characteristics such as description of each timber,
tag number, sketch, dimension, number of fasteners
and their descriptions, original scarfs, tool marks,
and position with respect to other timbers were
recorded on standard forms and catalogued.?

22 OZSAIT KOCABAS 2008; OZSAIT KOCABAS 2010.



Fig. 11: Total Station® destekli ¢izim ¢aligmalari.
Fig. 11: Drawings using Total Station® equipment.

Fig. 12: Kaplamalarin 1:1 dlcekli asetat ¢izimleri.
Fig. 12: Full scale acetate drawings of planks.
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Denizcilik Arkeolojisi Dergisi

BATIK ELEMANLARININ YERINDEN KALDIRILMASI

Arazide belgeleme iglemlerinin tamamlanmasinin ardindan,
gemileri olusturan ahsap elemanlarin araziden kaldirilmasi
prosediirii uygulanmistir. Birlestirme detayr gdziikkmeyen
parcalarin ayrilmasi ile gemilerin yapim tekniklerinin ve
konstriiksiyon detaylarinin belirlenmesi, ayrica konservasyon
sirasinda parcalarm tiimiine saglamlastrma ve koruma
maddelerinin emdirilebilmesi amaciyla batik elemanlarinin
demonte edilmesine karar verilmigtir. Calismalarimizda
genelde ilk olarak i¢ kaplamalar, kusaklar, egriler ve son
olarak kaplamalar demonte edilerek araziden kaldirilmistir.
Bunun i¢in demontaj asamasinin baslangicinda ayrilacak
parcanin fiziksel birlikteligini saglayan demir ¢ivi ve ahsap
kavelalar uygun hassas yontemlerle sokiilmiistiir.

NEGATIF KALIP YONTEMI

Gelistirdigimiz ve YK6 batiginda uyguladigimiz yon-
temlerin ilki, negatif kaliplar insa edilmesiydi. Hazirlanan
bu konstriikksiyonlar geminin i¢ine, kaldirilacak kaplama
tahtalarinin  {lizerine yerlestirildi ve strafordan yapilan
“ataglarla” tek tek sabitlendi. Ahsabin bozulma durumuna
bagli olarak 25 cm ile 50 cm arasinda yerlestirilen straforlarin
altindan tim kumun uzaklastirilmasindan sonra yerinden
kaldirilmaya hazir hale gelen parcalar dikkatli bir déndiirme
operasyonu ile kaldirilarak straforlar sokiildii. Calismanin
en zor asamalarindan biri olan yerinden kaldirma islemi,
bu tastyicilarin sabirla imal edilmesi neticesinde basariyla
gergeklestirildi (Fig. 14).

LIFTING THE WOODEN ELEMENTS OF THE SHIPWRECKS

Following the completion of on-site recording, the timbers
were lifted. It was decided to dismantle these components
\ by separating the parts with invisible joining details in

order to identify their building techniques and construction
details as well as consolidation of all parts and impregnation
ol preservation materials during conservation process.
Dismantling for lifting started with ceilings, stringers, and
frames, and then ended with planking. To achieve this, the
iron nails and wooden fasteners holding each component
were removed at the beginning of the dismantling procedure
using convenient methods with appropriate sensitivity.

NEGATIVE MOULD METHOD

An initial method developed and used for the YK6 shipwreck
was the construction of negative moulds. These constructions
were placed inside the vessel on top of the planking to be
lifted and fixed individually by “clips” made of styrofoam.
Depending on the degradation of the timbers, the parts that
were ready to be lifted after removing all the sand at the
bottom of the styrofoams placed between 25 to 50 cm were
lifted by a careful twisting operation, and the styrofoams were
removed. One of the most difficult phases of the study, lifting,
Fig. 13: YK35 batiginin foto-mozaik ¢iktisi. was achieved as a result of construction of these carriers by
Fig. 13: Photo-mosaic printout of YK35 shipwreck. patience (Fig. 14).
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Fig. 14: YKO6 batig1 kaplamalarinin kaldirilmasinda kullanilan negatif kalip yontemi.
Fig. 14: Negative mould method used for removal of YK6’s plankings.

KAPLAMA TAHTALARININ “L” FORMLU TASIYICILAR iLE
KALDIRILMASI

Govdeyi olusturan kaplama siralart “L” formlu
ahsap destekler yardimiyla olusturulan dis kaliplar
kullanilarak ~ yerinden kaldirilmistir.  Kaplamalar
altindaki camur ve kum dolgusu uzaklagtirilarak
yerlestirilen “L” bigimli tasiyicilar 5x10 cm kesitli
ahsaplara vidalanarak sabitlenmistir. Kaldirilan her
bir kaplama siras1 ayr1 ahsap kasalar icinde muhafaza
altina alinmigtir. “L” bigimli tasiyicilarin  yani
sira gorece daha hassas pargalar igin negatif kalip
yontemi ya da epoksi kaliplar kullanilmistir (Fig. 15).
Uygulama, batiklarin kaplamalarinin kaldirilmasinda
temel yontem olarak kullanilmistir.

KALDIRMADA EPOKSI iLE DESTEKLEME

Basta YK 12 batigmin i¢ kaplamalarinin
kaldirilmasinda, daha sonra kadirgalarin ileri
bozulmaya ugramis egrilerinin yerinden alinmasinda
“epoksi gomlek” adin1 verdigimiz uygulama
kullanildi. Gelistirilen yontem cercevesinde, ahsaplari
epoksi malzemeden korumak igin ince aliiminyum
folyo serilmesi ile ise baslandi ve bunun iizerine
epoksi malzeme uygulanarak kaliplar1 ¢ikartildi. Hizli
katilagan 6zellikte olan Araldite® FC 52 (ABC) uygun
oranlarda hazirlanarak aliiminyum folyonun iizerine
stiriildii ve ardindan elyaf kumas ile desteklendi.

LIFTING THE TIMBERS BY “L" SHAPED CARRIERS

The planking rows that make up the hull were removed
using external moulds which were supported by “L”
shaped wooden supports. The deposits of sand and mud
underneath the planking were removed, and the “L”
shaped carriers were screwed and fixed onto the timbers
with a dimension of 5x10 cm. Each planking row was
placed in individual wooden crates. In addition to “L”
shaped carriers, negative mould method or epoxy moulds
were used for relatively sensitive parts (Fig. 15). This
procedure represented the main method used for lifting
the planks of the shipwrecks.

EPOXY SUPPORT FOR LIFTING

We used a method called “epoxy covering” initially for
removing the internal planks of the YK 12 shipwreck,
and then removing the severely decomposed frames of
the galleys. In this method, a thin layer of aluminum
foil was spread on the timbers to protect them from
the epoxy material, and then epoxy was applied on
them to obtain their moulds. A rapid setting hardener
(Araldite® FC 52, ABC) was prepared in appropriate
ratios, and applied on the aluminum foil, and then
supported by fiber textile. Following a polimerization
period of 8 to 10 minutes, a thin framework was placed
into the epoxy covering which took the shape of the
timber. This thin framework was attached to the mould
again with the help of epoxy. =



Fig. 15: Pek ¢ok batigin kaplama tahtalarinin desteklenerek kaldirilmasinda kullanilan “L” profil yontemi.
Fig. 15: L” shaped carrier method used in many shipwrecks as supports during removal of plankings.

Fig. 16: ilk olarak YK 12 batigimin i¢ kaplamalarmin kaldiriimasinda kullanilan epoksi kalip yontemi.
Fig. 16: Epoxy mould method used for the first time for lifting YK12’s ceiling.
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Katilagma siiresi olan 8-10 dakikanin ardindan ahgabin
formunu alan epoksi gomlek igine ince bir iskelet
yerlestirildi. Bu ince iskelet yine epoksi yardimi ile
kaliba tutturuldu. Hazirlanan tasiyict kaliplar ahsap
iizerine yerlestirilmeden once ¢ok ince sentetik tekstil
kusaklar altindan gecirildi. Ardindan, hazirlanan tastyict
kaldirilacak parganin iizerine yerlestirildi ve alttan
gecirilen tekstiller tasiyici konstriiksiyonun {izerine
diigiim atilarak bagland1 ve formlar1 %100 korunarak
yerinden kaldirilabildi (Fig 16).

KUTLE OLARAK KALDIRMA

I¢ kaplama, egri ve kaplama tahtalarmnin tek tek ayrilarak
kaldirilmasinin yani sira, 6zel bir teknik sayesinde, YK 6
teknesinin omurga ve omurgaya bagli alt1 adet kaplamasi
birbirinden ayrilmadan, kiitle olarak yerinden kaldirildi.
Arkeolog-Restorator ~ Yiiksel Dede’nin  katilimiyla
yiriitiilen ¢aligmalar, teknenin mevcut kalintisinin
etrafinin 1 m genisliginde ve 1 m derinliginde
kazilmasiyla bagladi. Kazilmis olan batigin etrafina
10x10 cm kesitli ahsap bir iskelet giydirildi. Daha sonra
teknenin bas kismindan baslayarak altindaki kum 25
cm’lik bolimler halinde temizlendi. Teknenin agilan
kismimin alt ve st profilleri kendi hazirladigimiz biiyiik
Olgekli bir profil tarag: ile 1:1 oraninda ¢ikartilarak 5
cm kalinligindaki yogun strafora ¢izildi. Strafor {izerine
cizilen teknenin alttan ve {istten kesitleri dekupaj testere
yardimu ile dikkatle kesildi. Hazirlanan strafor, teknenin
altindan uzaklastinlan 25 cm’lik bosluga yerlestirildi
ve ardindan batigin etrafina kurulan 10x10 cm’lik ana
konstriiksiyona raptedildi. Daha sonra teknenin i¢ profili
aynt yontemlerle hazirlanan strafor ile desteklendi.
Boylece, sediment iizerinde yatan tekne 25 cm’de
bir strafor yerlestirilerek, iizerinde bulundugu kum
tabakadan, tamamen strafor destekli ve dolayistyla kiitle
olarak taginacagi ahsap konstriikksiyon iizerine alinmig
oldu. Konstriiksiyonun tastyiciligini artirmak iizere yan
taraflarina ve iizerine dikme ve ¢apraz destekler atild.
Bu sayede, merakli bakislar altinda teknenin kalan kismi
havuza tagiarak koruma altina alindi (Fig 17).
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Before the carrier mould was placed on the timber,
very thin synthetic textile belts were inserted under
it. Afterwards, the carrier was placed on the part
to be lifted, tying the textiles inserted by knots on
the carrier construction so that they were lifted by
preserving their forms for 100% (Fig 16).

LIFTING AS A SINGLE MASS

In YK, in addition to separation and lifting of the
ceilings, frames and plankings one by one, the keel
and six plankings of the keel were lifted as a mass
thanks to a special technique. The excavations were
carried out with the participation of archeologist/
restaurateur Yiksel Dede and initiated with
excavation of the remains of the ship 1 m wide
and 1 m deep. The excavated wreck was dressed
by a 10x10 cm wooden framework. Then, the sand
underneath the ship was cleaned in 25 c¢cm sections,
starting from the bow. The top and bottom profiles
of the exposed part were drawn in full scale by a
custom-made large-scale profile gauge on a 5 cm
thick dense Styrofoam. The bottom and top cross-
sections drawn on Styrofoam were carefully cut
using a jigsaw. The styrofoam was placed in the 25
cm space that was removed from the bottom of the
ship, and then fastened to the main construction of
10x10 cm built around the wreck. Afterwards, the
inner profile of the ship was supported by styrofoam
using the same method. Thus, styrofoams were
placed at each 25 cm for the shipwreck lying on
the sediment, allowing to take it from the layer of
sand onto a wooden construction, fully supported
by styrofoam, which would enable to transport it in
one piece. In order to increase the stability of the
construction, we placed posts and cross supports on
the sides and the top. By this means, the remaining
part of the shipwreck was moved to the pool for
preservation under curious eyes (Fig 17).

Fig. 17: YK6 batiginin omurga ve
alt kaplamalarinin kiitle kaldirma
yontemi ile araziden kaldirtlmasi.

Fig. 17: Lifting YK6’s keel
and bottom planking from the
excavation area as a single mass.
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HAMBURGER YONTEMI

YK 3 batigmin ¢ok yumusamis ve bazen de
kirllganlagsmis egrileri bir ya da iki tarafindan
desteklenerek  yerinden  kaldirildi.  Destek
malzemesinin egriler ile ayni profilde olmasi igin
tarafimizca aliiminyumdan bir profil taragir imal
edildi. Tarak yardimi ile alian bu dlgimler 1 cm
kalmhiginda su kontrplagina ¢izildi ve dekupaj
testere yardimi ile kesildi. Cok bozulmamig egriler
sadece bir tarafindan hazirlanan kontrplak yardimi
ile desteklenerek kaldirildi.

Yavag yavag kontrplak iizerine egilen dosekler kasa
icine giivenle yerlestirildi. Bozulmus durumdaki
egrilerin kaldirilmasi i¢in arka ve 6n tarafa kesilen
su kontrplaklar1 yerlestirildi. Boylece iki kontrplak
arasinda kalan egri, bizim hamburger yéntemi olarak
adlandirdigimiz  teknikle desteklenerek yerinden
kaldirilabildi (Fig 18).

Ekibimiz tarafindan gelistirilen s6z konusu yontemler
batigin arazideki konumu ve korunma durumu dikkate
aliarak tercihen uygulanmstir. Kullanilan yontemlerin
ortak amaci ahsap elemanlarin orijinal agilarinin
ve endazenin miimkiin oldugu kadar korunmasidir.
Uzun siirecek konservasyon prosediiriinde ahsap
elemanlarin sekilsel deformasyonunun da dniine gegen
tastyict konstriiksiyonlar ayrica degisik amaglarla
ahsaplarin nakliyesinde de ¢ok faydali olmustur.
Demonte edilen ve 6l¢iilerine gore imal edilen kasalar
icine yerlestirilen desteklenmis gemi elemanlari,
IU Yenikapr Batiklar1 Arastirma Merkezi’nde ve
bu laboratuvarin yakinindaki diger bir alanda inga
edilmis tanklarda koruma altina alinmistir (Fig. 19).
Havuzlarin iizeri, direkt giines 1s18ina karsi cati ile
kapatilmistir (Fig 20).%

KAZI SONRASI BELGELEME

Batiklarin ¢izim ve degerlendirme g¢alismalart 2000
m? agik, 300 m> kapal alani olan “IU Yenikap:
Batiklar1 Uygulama ve Aragtirma Laboratuvari”nda
slirdiirilmektedir. Merkez, ahsap elemanlarin temizligi
ile gecici depolama icin bir su havuzunun bulundugu
islak alan ve el ¢izimi, gorsel degerlendirmeler,
bilgisayar destekli cizim, bilgisayar ortaminda bilgi
depolama vb. ¢aligmalarin yapilacag: kuru alan olarak
iki anabéliime ayrilmistir. [ situ pozisyonda birlestirme
detaylar1 goriilemeyen ahgap gemi elemanlari, demonte
edildikten sonra laboratuvar ortaminda rekonstriiksiyon
projelerinin hazirlanmasi amaciyla detayli olarak
belgelenmektedir. Batik elemanlarinin her biri ayr1 ayri
genel ve makro ¢ekimlerle fotograflanmaktadir. Ahsap
elemanlarin katalog caligmasina laboratuvar ortaminda
da devam edilir.

23 Detayl bilgi i¢in bkz: KOCABAS-YILMAZ 2008; KOCABAS
vd. 2012; KOCABAS-TURKMENOGLU 2009; KOCABAS 2015a.
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THE HAMBURGER METHOD

The soft and sometimes fragile frames of the YK 3
shipwreck were removed by supports on one or two
sides. We built an aluminum profile gauge in order to
enable the support material to have the same profile
with the frames. The measurements obtained by the
gauge was drawn on a 1 cm thick water plywood and
cut by a jigsaw. Almost intact frames were removed
with the help of plywood from one side only. The
floor timbers which were slowly leaning over the
plywood were safely placed in the crates. For lifting
the distorted frames, water plywoods were placed
on the back and front in order to lift the frame which
remained between two plywoods to support it using a
technique we called the “hamburger method” (Fig 18).
The methods developed by our team were preferably
used taking the location and preservation status of the
shipwreck into consideration. The common goal of
these methods was to preserve the original curvature
and line plan of the timbers as much as possible. These
carriers which prevented physical deformation of the
timbers during the long-term conservation procedure
also proved to be very useful during transportation
of the timbers for different purposes. The dismantled
and supported timbers, which were placed in crates
custom-built to their dimensions were stored in tanks
at the IU Yenikap1 Shipwrecks Research Center and in
another area near the laboratory (Fig. 19). The tanks
were topped by a roof to protect them from direct rays
of the sun (Fig 20).%

POST-EXCAVATION DOCUMENTATION

Drawings and evaluation work for shipwrecks are
carried out at the IU Yenikap: Shipwrecks Research
Laboratory with an outdoor area of 2000 m*and an
indoor area of 300 m2 The centre is arranged in two
sections, including a wet area where there is a working
tank for cleaning and temporary storage of timbers,
and a dry area where works such as manual drawing,
visual evaluation, computer-aided drawing, and digital
information storage are performed. The timbers with
invisible joints under in situ conditions are documented
in detail after dismantling in order to proceed with the
reconstruction project in the laboratory. Each item is
documented individually by standard and macro shots.
Compilation of catalogue for timbers continues in the
laboratory, as well. Features including tiller, angles
of deadrise, dimensions and types of fasteners are
recorded on standard forms.

23 Please see KOCABAS-YILMAZ 2008; KOCABAS et al. 2012;
KOCABAS-TURKMENOGLU 2009; KOCABAS 2015a for further
information.



Fig. 18: Egrilerin kaldirilmasinda uygulanan “hamburger” yontemi.

Fig. 18: The “Hamburger method” used for lifting frames.

Fig. 20: Tuzdan arindirma ve emdirme agsamalarinda kullanilan
paslanmaz celik havuz
Fig. 20: Wooden crates in the excavation tent where the dismantled
timbers of shipwrecks are kept.

Kol doniisii, govde alt1 agilari, baglanti elemanlarinin
boyutlart ve niteligi gibi 6zellikler standart formlara
islenmektedir. Laboratuvarda belgeleme galigmasinin en
onemli agsamast ise her bir parcanin 3D digitizer 6l¢lim
cihazi (FaroArm) ile bilgisayar ortamina aktarilmasidir.
Tiirkiye’dearkeolojialanindailk defaekibimiztarafindan
kullanilan Faro Arm cihazi ile ahsap elemanlar tizerinde
gemi yapim tekniklerinin belirlenmesinde referans
olabilecek alet izleri, kesit ve plan goriiniisleri, ahsap
ve metal baglant1 elemanlari, ahsap damarlari, tahrip
olmus kisimlar cihaz ile farkli renklerde kaydedilerek
Rhinoceros programi yardimiyla 3 boyutlu olarak
belgelenmektedir (Fig 21a, b). Elde edilen bilgiler
1s181nda batiklarin konstriiksiyon 6zelliklerinin daha iyi
anlagilmasi ve rekonstriiksiyon projesinin hazirlanmasi
amaciyla [U Edebiyat Fakiiltesi Gemi Konservasyon ve
Rekonstriiksiyon Laboratuvari’nda batiklarin 6lgekli
aragtirma modelleri yapilmaktadir.**

24 OZSAIT KOCABAS 2013; OZSAIT KOCABAS 2018.
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Fig. 19: Demonte edilen batik ahsaplarinin
kaz1 ¢adirinda tutuldugu ahsap kasalar.
Fig. 19: Stainless steel tank used for
desalination and impregnation phases.

The most significant phase of the laboratory
documentation is the digitalization of data for
each part by means of a 3D digitizer measurement
system (FaroArm®), which was used for the first
time in archaeology in Turkey by our team. It allows
recording of tool marks, cross-section and plan
views, wooden and metal fasteners, wood grains
and damaged areas, which can serve as a reference
in determining shipbuilding techniques, in different
colors, and documented in 3D using the Rhinoceros®
software (Fig 2la, b). Based on the available
information, scale search models of the shipwrecks
are being developed at the Ship Conservation and
Reconstruction Laboratory of the Faculty of Letters,
Istanbul University in order to better understand
their construction features and to prepare their
reconstruction project.*

24 OZSAIT KOCABAS 2013; OZSAIT KOCABAS 2018.
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Fig. 21a: Gemi insa incelemeleri.
Fig. 21a: Studying ship construction.

Fig. 21b: YK12 batiginin dijital ¢izimi.
Fig. 21b: Digital drawings of YK12.
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KONSERVASYON

Konservasyon c¢aligmalarinin nihai hedefi bu o6nemli
koleksiyonun bilimsel prosediirlere en uygun sekilde
korunarak, batiklarin miize ortaminda sergilenmeye hazir
hale getirilmesidir.”* Batiklarin konservasyon prosediirii
ahsap elemanlarin suya doymus durumda olmalar1 sebebiyle
arazide belgeleme isleminden dnce fiilen baglamaktadir. Bu
amagla tiim batiklar glines 15181 vb. dis etkilerden koruma
amaciyla kurulan gecici ¢adirlar icinde muhafaza edilmekte,
belgeleme ve araziden kaldirma galismalar1 belirtildigi
tizere bu ¢adirlar icinde devam etmektedir. Ahsap elemanlar
kurumaya baglh cekme ve catlamalarin Onlenmesi igin
koruma cadirlar1 igine yerlestirilen sprey sulama sistemiyle
1slak tutulmakta ve %100 bagil nem ortami saglanmaktadir.

DEPOLAMA VE TUZDAN ARINDIRMA

Yenikap1 Batiklar1 Projesi kapsaminda calisilan batiklara
ait suya doymus ahsaplarin kaldirilmasinda ahsaplarin
durumlarina goére Ozel olarak gelistirilen pek c¢ok farkl
teknik kullanilmis ve kaldirma ¢aligmalari bagarili olarak
2013 yilinda tamamlanmustir. Belgeleme c¢alismalari
tamamlanarak yerlerinden demonte edilen batik ahsaplari
Istanbul Universitesi Yenikap1 Batiklar1 Projesi Uygulama
ve Aragtirma Laboratuvari’nda inga edilen paslanmaz
celik havuzlarda muhafaza edilmektedir (Fig. 20).
Yenikap1 batiklarma ait ahsaplarin depolandigi 20 ile
50 ton arasinda su tagima kapasitesine sahip toplam 46
batik havuzu bulunmaktadir. Konservasyon kapsaminda
stirdiiriilen tuzdan arindirma ve emdirme g¢alismalar1 da
korozyon direncinin yiliksek olmasindan dolay1 genellikle
bu paslanmaz celik havuzlarda gerceklestirilmektedir.

25 KOCABAS 2015a, 158-160.

CONSERVATION

The ultimate goal of the conservation procedure is to
preserve this important collection in accordance with
scientific procedures, and to prepare the shipwrecks for
displaying in a museum.” The conservation procedure of
the shipwrecks, in fact, starts before on-site documentation
as the wooden elements are waterlogged. For this, all
shipwrecks are protected in temporary tents to shield
them from external factors such as sunlight, etc., and
documentation and lifting are carried out within these
tents. The timbers are kept wet to protect them from drying
shrinkage and cracking by a sprinkler system installed in
the tents, and thus a 100% relative humidity is maintained.

STORAGE AND DESALINATION

For removal of the waterlogged timbers of the shipwrecks
within the scope of the Yenikapi Shipwrecks Project,
we used many different techniques that were specially
developed depending on the conditions of the timbers, and
lifting procedures were successfully completed in 2013.

25 KOCABAS 2015a, 158-160.



Batiklarmm muhafaza edildigi bir havuzdaki tuz
miktari, ilk agamada ortalama 1000 ppm’in iizerinde
Ol¢iilmektedir. Bu asamada batiklar tizerinde ilk olarak
cesme suyu kullanilmaktadir. Cesme suyu tuz degeri
yaklagik 380 ppm olarak dl¢iilmektedir. PEG emdirme
ile konservasyonuna devam edilecek ahsaplarda ¢esme
suyu ile tuzdan arindirma islemi devam etmektedir.
Konservasyon  amaciyla  melamin  formaldehit
reginesinin kullanilacagi ahsaplarda ise bu asamadan
sonra deiyonize su ile tuzdan arindirma islemi devam
etmektedir. Yaz aylarinin oldukga sicak gectigi 6zellikle
Tiirkiye gibi {llkelerde organik eserlerin tuzdan
arindirma ve emdirme calismalarinda karsilagilan
en bilyiik sorunlardan bir tanesi, batik havuzlarinda
gorlilen mantar ve bakteri olusumlaridir. Mantar ve
bakteri olusumu disinda Yenikapi batiklarinda tuzdan
arindirma ¢aligmalar1 esnasinda ahsaplar {izerinde
Asellus sp. varlig1 da tespit edilmistir. Tuzdan arindirma
esnasinda biyolojik aktivasyona kargi Acticide SPX
(5-chloro-2-methyl-4-iso-thiazolin-3-one ve 2-methyl-
2Hisothiazol-3-one) sivi biyosit 1/1000 oraninda tank
icerisine ilave edilmektedir.?

DEMIR VE BILESIKLERININ TEMiZLiGi

Yenikapr’da pek cok gemide konservasyon oOncesi
yapilan incelemelerde ahsaplar {izerinde gemi
elemanlarinin  birlestirilmesinde  kullanilan ~ demir
civilerden kaynakli demir korozyon iiriinleri tespit
edilmistir (Fig. 22). Ayricamekanik ve kimyasal temizlik
islemleri gerceklestirilmeyen bazi ahsaplarda yiiksek
oranda demir ve siilfiiriin varligt Taramali Elektron
Mikroskobu Enerji Dagilimli X-Isin1 Spektroskopisi
(SEM-EDX) analizleri ile de belirlenmistir (Fig. 23).

26 KILIC-KILIC 2019a.

Fig. 22: Yenikap1 16 numarali batik ahgaplarinda demir
korozyonu.

Fig. 22: Iron corosion on the timbers of Yenikap1 16
shipwreck.
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The timbers of the wrecks which were dismantled following
completion of the documentation procedures have been
preserved in stainless-steel tanks that were custom-built in
the Yenikap1 Shipwrecks Project Application and Research
Laboratory of the Istanbul University (Fig. 20). For storage of
the timbers from the shipwrecks, the laboratory has 46 tanks
with a capacity of 20 to 50 tones of water. The desalination
and impregnation procedures as part of the conservation
process are usually carried out in these stainless-steel tanks
due to their high resistance to corrosion.

The amount of salt contained in a tank is initially measured
above an average of 1000 ppm. During this stage, tap
water is used first as part of the desalination process for
shipwrecks. The salinity of tap water is around 380 ppm.
For timbers which will undergo conservation process by
PEG impregnation, desalination procedure continues using
tap water. For timbers which will undergo treatment with
melamine formaldehyde for conservation, desalination
procedure continues with distilled water after this stage. In
countries, like Turkey, where it is hot in summer, formation
of fungi and bacteria is one of the biggest problems
encountered during the desalination and impregnation
procedures of organic materials. Other than fungi and
bacteria, Asellus sp. was also identified on timbers during
the desalination procedure of the Yenikapi shipwrecks.
Thus, a liquid biocide (Acticide SPX, 5-chloro-2-methyl-
4-iso-thiazol-3-one and  2-methyl-2H-isothiazol-3-one)
is added to the tanks at a concentration of 1/1000 against
biological activity.?

CLEANING OF IRON AND ITS COMPOSITES

Iron corrosion products due to corrosion of iron nails
used for fastening of ship components were identified
during analyses performed prior to conservation on
many of the Yenikap1 shipwrecks (Fig. 22). Furthermore,

26 KILIC-KILIC 2019a.
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Fig. 23: SEM-EDX ile batik ahsaplarinda tespiti
gerceklestirilen elementler.
Fig. 23: Elements idenitified in timbers by SEM-EDX.
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Yenikapr’daki PEG 6n-emdirmesi sonrast vakumlu
dondurarak kurutma yonteminin uygulanacagi tiim
batiklarda, demir ve bilesiklerinin gemi ahsaplarina
zarar vermesini Onlemek i¢in tiim korozyonlu
alanlar once mekanik olarak temizlenmektedir.
Yapilan mekanik temizligin ardindan %5 disodyum
EDTA ve %5 oksalik asitten (w/v) olusan bir ¢odzelti
ile bu alanlara tampon yapilmakta ve temizlik
islemi tamamlanarak ahsaplar saf su igerisinde
bekletilmektedir(Fig. 24)*’. Demir ve bilesiklerinin
temizligi islemi genellikle tuzdan arindirma siireciyle
paralel olarak gerceklestirilmektedir.?®

EMPRENYE

Batik sonrast  ¢cekmeye
ugramamasi1 ve yapisindaki fiziksel ve mekanik
ozelliklerinde bir kayip yasanmamasi i¢in kirillgan
durumda bulunan hiicre yapisina, burada anlatilan
calismalar tamamlandiktan sonra PEG ve melamin
formaldehit recginesi emdirilmektedir. Ayrica kimi
batik ahsaplarinin durumu g6z 6niinde bulundurularak
PEG emdirme sonrasinda kontrollii kurutma
calismalarinin da koruma siirecinin bir parcast haline
gelmesi Dolayisiyla laboratuvar
biinyesinde kontrollii kurutma uygulamalari i¢in de
gerekli altyapinin olusturulmasina ¢aligilmaktadir.

ahsaplarinin  kuruma

amaglanmistir.

27 KILIC 2017a.
28 JONES 2003

% .- = 4 .-
Fig. 24: Demir ve bilesikleri i¢in gergeklestirilen temizlik uygulamasi.

Scanning Electron Microscope Energy Dispersive X-Ray
Spectroscopy (SEM-EDX) analyses showed the presence
of large amounts of iron and sulfur on some of the timbers
before mechanical and chemical cleaning. (Fig. 23).

After PEG pre-impregnation, in all Yenikapt shipwrecks
in wich vacuum freeze drying will be applied, all corroded
areas are first mechanically cleaned to prevent iron and its
iron composites from damaging the timbers. Following
the mechanical cleaning, these areas are buffered with a
solution consisting of 5% disodium EDTA and 5% oxalic
acid (w/v) and after completion of the cleaning process, the
timbers are kept in distilled water (Fig. 24).” The cleaning
process of iron and its compounds is usually carried out
simultaneously with the desalination process.?®

IMPREGNATION

PEG and melamine formaldehyde resin is impregnated
into the fragile cell structure in order to prevent shrinkage
of shipwreck’s timbers after drying and to prevent any loss
of physical and mechanical properties in its structure. In
addition, taking the condition of some of the shipwreck’s
timbers into consideration, we also aimed to make
controlled drying after PEG impregnation an integrated
part of the conservation process. Therefore, the laboratory
is trying to establish the required infrastructure for
controlled drying applications.

27 KILIC 2017a.
28 JONES 2003

Fig. 24: Cleaning procedure applied on iron and iron composites.
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POLIETILEN GLIKOL (PEG)

Batik ahsaplarinin dondurarak kurutma dncesi emdirme
calismalarinda kullanilacak PEG molekiil agirligma
karar verme asamasinda, ahgaplarin yogunluk ve
maksimum su igerikleri goz dniinde bulundurulan temel
noktalar olmaktadir. Ahsaplara emdirme amaciyla
PEG  400-2000-3000-3350-4000  kullanilmaktadir.
Emdirme, laboratuvarimizda bulunan paslanmaz
elik tanklarda  gergeklestirilmektedir. ~ Ornekler
tizerinde gergeklestirilen analizler batik ahsaplarinin
yogunluklarmin 0,09 ile 0,50 g/cm?* arasinda degistigini
gostermektedir. Ahsabin bozulma durumu arttik¢a
emdirilen PEG’in molekiil agirlig1 da ytikselmektedir.
Cogunlukla tek bir molekiil agirhigindaki PEG’in
emdirildigi uygulama tercih edilmesine ragmen farkli
yogunluk degerlerine sahip ahsaplarda farklt molekiil
agirligina sahip PEG’in  kanstirilarak  emdirildigi
uygulamalar da gergeklestirilmektedir.”’

Yenikapi batiklarina ait ahsaplarda meydana gelebilecek
ozmotik ¢Okmeyi Onlemek icin PEG ilk agamada
%10’un altinda, diisiik konsantrasyonda hazirlanarak
emdirilmektedir. Yaklagik iki yil igerisinde On-
emdirme islemi icin gereken % 0-45 konsantrasyona
ulasilmaktadir. Yonga seklinde olan PEG’in su
icinde ¢Oziinmesi, imal ettigimiz devir daim sistemi
ile gerceklestirilmektedir (Fig. 25).° Bu sistemde
tankin icerisine yerlestirilen 6zel bir bdolmeye kati
durumda bulunan PEG dokiilmektedir. Havuzdan tanka
dolan su PEG’i ¢ozerek sulu ¢ozeltiyi tekrar havuza
aktarmaktadir. Devir daim tankinin bu &zelliginden
faydalanilarak biyolojik aktivasyona karsi kullanilan
biyosit de aym teknikle havuzlara karistirilmaktadir.
Emdirme asamasinda biyolojik aktivasyonun arttig1
donemlerde Acticide SPX biyosit olarak 1/1000
oraninda tank igerisine ilave edilmektedir.

Yenikap: batiklarinda batik ahsaplar1 igin temel
koruma uygulamasi PEG, On-emdirmesi sonrasi
kullanilan vakumlu dondurarak kurutma yontemidir.
Bu alanda yapilan ¢aligmalardan elde edilen sonuglar
degerlendirildiginde emdirme tankinda PEG 2000
kullanilan ahsaplarda final konsantrasyonunun %45
olmasina karar verilmistir. Kurutma islemi, vakumlu
dondurarak kurutma ile gergeklestirilecekse s6z konusu
konsantrasyon oldukg¢a 6nemlidir.’!

29 KILIC 2017b

30 Bu sistem, laboratuvarimizda kullandigimiz pek ¢ok ekipmani
kendilerinden esinlendigimiz, Danimarka Ulusal Miizesi-Suya Doymus
Ahsap Konservasyon Laboratuvarinda Dr. Poul Jensen ve Kristiane
Streetkvern tarafindan kullanilan karigtiricinin benzeri olarak imal
edilmistir.

31 JENSEN vd. 2002.
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POLYETHYLENE GLYCOL (PEG)

Basically, the density and the maximum water
content of the timbers are taken into consideration
for determining the appropriate molecular weight
of PEG to be used for impregnation before freeze
drying. We use PEG 400-2000-3000-3350-4000
for impregnation procedure, which is carried out
in stainless steel tanks in our laboratory. Analyzes
on samples showed that the densities of timbers
vary from 0.09 to 0.50 g/cm’. As the deterioration
condition of wood increases, the molecular weight
of the impregnated PEG also increases. Although
mainly impregnation with a PEG of single molecular
weight is preferred, there are some applications where
PEG with different molecular weights is mixed and
impregnated into timbers with different densities.?
In order to prevent any osmotic collapse that may
occur in the timbers of Yenikap1 shipwrecks, initially
PEG with a low concentration, i.e. below 10% is
impregnated. A 0 to 45% concentration required
for pre-impregnation is reached within about two
years. Dissolution of PEG, which is in the form of
flake, sometimes granule, in water is carried out by
a recirculation system we manufactured (Fig. 25).%°
In this system, PEG in solid state is poured into a
special compartment placed in the tank. The water
filling the tank from the pool dissolves the PEG
and transfers the aqueous solution back to the pool.
Taking advantage of this feature of the circulation
tank, the biocide used against biological activation
is mixed into the pools using the same technique.
Acticide SPX is added into the tank as a biocide at
a rate of 1/1000 during the periods when biological
activation increases during the impregnation phase.
The main conservation method used for the timbers
of Yenikapi shipwrecks is PEG pre-impregnation
followed by a vacuum freeze drying method. Based
on an evaluation of the outcomes, we decided to
have a final concentration of 45% for timbers treated
with PEG 2000 in the impregnation tank. If drying
is to be carried out by vacuum freeze drying, this
concentration is critical.’!

29 KILIC 2017b

30 This system, like many other equipment that we are currently
using in our laboratory, was produced similar to mixer used by Dr.
Poul Jensen and Kristiane Straetkvern of Denmark National Museum’s
Waterlogged Wood Conservation Laboratory, who became a source of

inspiration for us.
31 JENSEN et al. 2002.
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Fig. 25: Devir daim tanki ile PEG emdirme islemi.
Fig. 25: PEG impregnation procedure with circulation tank.

EMPRENYE SURECININ KONTROLI

Emdirme isleminden sonra ahsaptaki kimyasalin
dagiliminin goriintiilenmesi ve ahsaptaki varliginin
tespiti, yontemin basarili olup olmadigini anlayabilmek
i¢in olduk¢a 6nemlidir.* Bu amagla emdirme siirecinde
ahsaplardan  Ornekler almarak Taramali Elektron
Mikroskobu (SEM) ve Fourier Transform Infrared
Spektroskopisi (FTIR) analizleri gergeklestirilmektedir.
PEG’in ahsap bosluklarindaki dagilimin anlagilabilmesi
icin SEM kullamlmaktadir.* Proje kapsaminda, Istanbul
Universitesi Kimya Miihendisligi Boliimiinde bulunan FEI
Quanta 450 FEG-EDS model SEM’den faydalanilmistir.
S6z konusu goriintiilemeler vakumlu dondurarak kurutma
sonrasinda da gergeklestirilmektedir. Elde ettigimiz bu
goriintiiler PEG’in ahgaplara homojen bir sekilde dagilim
gosterdigini ortaya koymustur (Fig. 26).

FTIR analizi, ahsap malzemede onun tiim bilesenlerini
aym anda analiz etmeye olanak taniyan kullamigh bir
tekniktir* Buna ek olarak, emdirme islemine alinmis
ahsaplardan alinan 6rneklerdeki PEG varligi, FTIR ile de
degerlendirilmektedir.® Bu islem i¢in ahsaplardan alinan
ornekler, Istanbul Universitesi Kimya Miihendisligi
boliimiinde bulunan Perkin Elmer Spectrum One FTIR
spektrometresi ile analiz edilmektedir (Fig. 27).

32 KILIC-KILIC 2019b.

33 JENSEN vd. 2002.

34 FORS-RICHARDS 2010.

35 ENGLISH HERITAGE 2010; PUCETAITE 2012.
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CONTROL OF IMPREGNATION PROCESS

After the impregnation process, monitoring the
distribution of the chemical and detection of
its presence in the wood is very important to
understand whether the method is successful or
not.** For this purpose, timbers in the impregnation
process are sampled to perform analyses using
Scanning Electron Microscope (SEM) and Fourier
Transform Infrared Spectroscopy (FTIR). SEM is
used to analyze the PEG distribution in the cavities
of timbers.*> For this project, we used the FEI
Quanta 450 FEG-EDS in the Chemical Engineering
Department at Istanbul University. The above-
mentioned scanning is also performed following
the vacuum freeze drying process. The images
showed that PEG homogeneously penetrated into
the timbers (Fig. 26).

FTIR analysis is a technique that allows
simultaneous analysis of all the composites available
in the timber.** Additionally, presence of PEG in the
embedded timbers is also evaluated by FTIR.*The
samples taken from the timbers for this procedure
are analyzed with the Perkin Elmer Spectrum One
FTIR spectroscopy at the Chemical Engineering
Department of Istanbul University (Fig. 27).

32 KILIC-KILIC 2019b.

33 JENSEN e al. 2002.

34 FORS-RICHARDS 2010.

35 ENGLISH HERITAGE 2010; PUCETAITE 2012.



Ahsaplardan elde edilen SEM goriintiileri ile birlikte
gergeklestirilen FTIR analizlerinin sonuglari bir arada
degerlendirilmekte ve emdirme isleminin durumu
tespit edilebilmektedir. Bu asamadan sonra siireg
ahsaplarin vakumlu dondurarak kurutma cihazinda
isleme alinmasi ile devam etmektedir.

VAKUMLU DONDURARAK KURUTMA

Istanbul Universitesi Yenikapt Batiklar1 Projesi
Uygulama ve Arastirma Laboratuvari, vakumlu
dondurarak kurutma prosediirii i¢in iki cihaza sahiptir.
Iki, 2013 yilinda projede kullanilmaya baslanmis
olan 2,50 m boyunda, 90 cm ¢apinda bir iiriin
haznesine sahip olan Frozen in Time D9/25 modelidir
(Fig. 28). Subat 2019 tarihinde ise iirlin haznesi 8,50
m boyunda, 2,10 m ¢apinda Frozen in Time D 21/85
modeli ikinci bir vakumlu dondurarak kurutma cihaz
daha devreye alinmistir (Fig. 29). Kapasite olarak
Avrupa’nin en biiyiik ve teknolojik yeteneklere sahip
vakumlu dondurarak kurutma makinesi ile biiyiik
boyutlu ahsaplarin konservasyon calismalart tek
parca olarak gerceklestirilebilmektedir.

Siiblimlesme prensibine gore gerceklesen prosediir;
dondurma, dondurarak kurutma ve ahsaplarin
ortam kosullarma dondiiriilmesi asamalarindan
olusmaktadir. Ilk asama olan dondurma isleminde,
batik ahsaplan sekil degisiminin engellenmesi igin
paslanmaz celik profillerden faydalanilarak, cihazin
iirlin tablasina sabitlenmektedir (Fig. 30).
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Fig. 26a: Batik ahsaplar1 lizerinde gerceklestirilen SEM
gorilintiilemeleri.
Fig. 26a: SEM imaging performed on timbers.
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The results of FTIR analysis along with the SEM
images from timbers are combined for evaluation to
determine the state of impregnation. This procedure
is followed by vacuum freeze drying of timbers.

VACUUM FREEZE DRYING

Istanbul University’s Yenikap1 Shipwrecks Project
Application and Research Center Laboratory has
two vacuum freeze dryers; the model Frozen in
Time D9/25 with a product chamber of 2.50 m long
and 90 cm in diameter has been used in the project
since 2013 (Fig. 28). A second freeze dryer, Frozen
in Time D 21/85 with a product chamber of 8.50 m
long, 2.10 m in diameter was put into use (Fig. 29).
Thus, conservation studies of large-sized timbers
can be carried out in one piece with a vacuum
freeze dryer, which has the largest capacity and
technological capabilities across Europe.

The procedure performed according to the
sublimation principle consists of freezing, freeze
drying and drying timbers to ambient conditions.
In the first stage, the freezing process, timbers are
fixed to the product tray of the device using stainless
steel profiles to prevent any changes in their shape
(Fig. 30).

Fig. 26b: Yenikap1 12 numarali batikta %45 PEG emdirilmis
kestane ahgabina ait 6rnekte enine kesit SEM goriintiisii (100x).
Fig. 26b: SEM imaging of the cross section of a 45% PEG
impregnated chestnut timber sample from the Yenikap1
shipwreck 12 (100x).
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Fig. 27a: FTIR spektrometresi ile gergeklestirilen analizler.
Fig. 27a: Analysis performed by FTIR spectroscopy.
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Fig. 28: Yenikap1 Batiklar1 Projesinde kullanilan D9/25 model
vakumlu dondurarak kurutma cihazi.

Fig. 28: D9/25 model vacuum freeze dryer used in the Yenikapi
Shipwrecks Project.
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Fig. 27b: Yenikap1 Batiklarina ait yeni ve suya doymus ahsap
ornekte FTIR spektrumlart (KILIC-KILIC 2019b).

Fig. 27b: FTIR spectra in a new and waterlogged wood sample
from Yenikapt Shipwrecks (KILIC-KILIC 2019b).

Fig. 29: Yenikapi Batiklari Projesinde kullanilan D 21/85
model vakumlu dondurarak kurutma cihazi.

Fig. 29: D 21/85 model vacuum freeze dryer used in the
Yenikap1 Shipwrecks Project.

Fig. 30: PEG emdirme ¢aligmalari tamamlanmig ahsaplarin
tezgahlara sabitlenmesi.

Fig. 30: Fixing the timbers which were treated with PEG
impregnation onto trays.
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Yenikapi batiklarinda vakumlu dondurarak kurutmanin
kontrol parametresi, tiim islem boyunca kat1 durumda
olmast gereken emdirme kimyasali tarafindan
belirlenmektedir. Ornegin PEG 2000 ile emdirmenin
yapildigi batik ahgaplarinda 6tektik sicaklik g6z 6niinde
bulundurularak dondurma sicakhigi belirlenmisgtir.3
PEG 2000 ile emdirmenin yapildigi ahsaplarda
sicakligin -22°C’ye diisebilmesi i¢in cihaz iiriin haznesi
sicakligl -27°C ile -30°C arasinda ayarlanmakta ve
vakum prosesi agilmadan cihaz bu sicaklikta yaklasik
olarak {i¢ giin calistirilmaktadir.’” Suya doymus ahsap
icerisinde yer alan emdirme ¢6zeltisinin kati duruma
gecmesini saglamak ic¢in gerceklestirilen dondurma
isleminden sonra siire¢, cihazin vakum prosesinin
acilmasiyla baglayip, ahsaplarin kurutulmasi ile devam
etmektedir. Vakumlu dondurarak kurutma asamasinda,
kondansoérde biriken buz, belirli araliklarla cihazin buz
cozme Ozelligi kullanilarak bosaltilmaktadir (Fig. 31).
Vakumlu dondurarak kurutma uygulamasi, ahsaplarin
icerisindeki su tamamen uzaklastirilana kadar devam
etmekte, islem tamamlandiginda ahsaplarm ortam
kosullarina dondiiriilmesi asamasina gecilmektedir. Bu
safhada cihazin sicaklik ve basing degerlerinin ortam
kosullarina kademeli olarak gegmesi saglanmaktadir.
Bu iglem D9/25 model dondurarak kurutma cihazinda
yaklagik olarak 10 giinliik bir siire igerisinde
gerceklestirilmektedir. Islem sonrasinda ahsaplar uygun
iklimlendirme kosullarinda depolanmaktadir. Toplam
dondurarak kurutma siiresi ahsaplarm oOzelliklerine
gore 3-5 ay arasinda degismektedir (Fig. 32). 3

36 JENSEN vd. 2016.
37 SCHNELL-JENSEN 2007.
38 KILIC 2017b.

Maritime Archaeology Periodical

The control parameter for vacuum freeze drying in
Yenikap1 shipwrecks is determined by the chemical
used for impregnation that should be in solid state
throughout the entire process. For example, the
freezing temperature was determined by considering
the eutectic temperature in timbers impregnated with
PEG 2000.% In timbers impregnated with PEG 2000,
the temperature of the device product chamber is
adjusted to between -27 © C and -30 ° C in order to
reduce the temperature to -22 © C and the device is
operated at this temperature for approximately three
days without activating the vacuum process.’” After the
freezing process, which is carried out to ensure that the
impregnation solution in the waterlogged timber turns
into a solid state, the process starts with activation of
the vacuum, followed by drying of the timbers. In the
vacuum freeze-drying phase, the ice accumulated in the
condenser is discharged at certain intervals using the
defrosting feature of the device (Fig. 31).

Vacuum freeze drying application is continued until
the water within the timber is completely removed,
and when the process is completed, drying to ambient
conditions starts. At this stage, the temperature and
pressure values of the device are gradually adjusted to
the ambient conditions. This process is carried out in
approximately 10 days using the D9/25 model freeze
dryer. After the process, timbers are stored in the presence
of an appropriate air conditioning system. Total freeze-
drying time varies from 3 to 5 months depending on the
properties of the wood (Fig. 32).%*

36 JENSEN et al. 2016.
37 SCHNELL-JENSEN 2007.
38 KILIC 2017b.

Fig. 31: Siiblimlesme ile ahsap igerisinden kondansore dogru buharlasarak katilasan su.
Fig. 31: Water solidified by evaporation from the wood to the condenser by sublimation.
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MELAMIN FORMALDEHIT UYGULAMASI

Yenikap1 batiklarinda yiiksek bozulma derecesine sahip
ahsaplarda uygulanan melamin formaldehit recinesi, diisiik
molekiil agirlikli  (400-700 g/mol) bir kimyasaldir. Bu
Ozelligi melamin formaldehitin ahsaplara emdirilmesini
kolaylastirmaktadir. Ayrica ¢ozeltiye, ahsaplara esneklik
kazandirabilmek amaciyla %10 trietilen glikol, daha akiskan
bir ¢ozelti elde ederek emilimi desteklemek amaciyla %35 iire
ve ¢ozeltinin pH degerini yiikseltmek i¢in %0,5 trietanolamin
ilave edilmektedir. Trietanolamin ilavesi ile ¢dzeltinin pH’1
8-9’a kadar yiikselmekte, zamanla 7 ve altmna diismektedir.
Emdirme siiresi trietanolamin ilavesi ile uzatilabilmektedir.
Ornegin Yenikap1 3 batigma ait egrilerde sz konusu emdirme
isleminin trietanolamin ilavesi ile 6 ay devam etmesi
saglanmigtir. Polikondansasyon ile katilasan ¢ozelti, capraz
baglanma sonrasinda ahsap icerisinde geri doniisiimii olmayan
kat1 ve sert bir polimer olugturmaktadir. Emdirme sonrasinda
ahsap yiizeyindeki fazla regine temizlenmekte, ahsap ylizeyi
1slak kagit havlu ve plastik folyo ile sarilarak kiirlesme oncesi
suyun buharlagsmasi 6nlenmekte ve ahsap polikondansasyon icin
hazirlanmaktadir. Melamin formaldehitin polikondansasyonu
50-55°C sicaklikta gerceklestirilmekte olup, Yenikapi’da
bu islem i¢in 10 m boyunda firin kullanilmaktadir (Fig. 33).
Firinlama islemi ahsaplarin kalinliklarina gore degismekte olup
yaklagik olarak 9-14 giin arasinda tamamlanmaktadir.>*4°

39 HOFFMANN-WITKOPPER 1999.
40 KILIC 2016.

APPLICATION OF MELAMINE FORMALDEHYDE

The melamine formaldehyde resin, which applied on the timbers
of Yenikap1 shipwrecks with high deterioration degree, is a
chemical with a low molecular weight (400-700 g/mol). This
feature facilitates impregnation of melamine formaldehyde into
the timbers. Additionally, 10% triethylene glycol is added to the
solution to give timbers some elasticity, while 5% urea is added
to promote absorption by obtaining a more fluid solution and
0.5% triethanolamine to increase the pH of the solution. With
the addition of triethanolamine, the pH of the solution rises up
to 8-9 and decreases to 7 and below over time. Impregnation
time can be extended by adding triethanolamine. For instance,
the impregnation process for frames of Yenikap1 3 shipwreck was
maintained for 6 months by adding triethanolamine. The solution
that was solidified by polycondensation forms a solid and hard
polymer that is irreversible within the wood after crosslinking.
Following the impregnation, the excess resin on the wood surface
is cleaned, and the surface is wrapped with wet paper towels and
plastic foil to prevent evaporation of water before curing and
the wood is prepared for polycondensation. Polycondensation
of melamine formaldehyde is carried out at a temperature of 50-
55°C, and a 10 m long oven is used for this process for Yenikapi
shipwrecks (Fig. 33). The oven-drying procedure depends on the
thickness of timbers and is usually completed in 9 to 14 days.¥

39 HOFFMANN-WITKOPPER 1999; KILIC 2016.
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Fig. 32: PEG 6n emdirme-vakumlu dondurarak
kurutma Oncesi (iist) ve sonrasi (alt) ahsap.

Fig. 32: The condition of the wood before (top)
and after (bottom) PEG pre-impregnation-
vacuum freeze drying.



Fig. 33: Melamin
formaldehit
uygulamasinda
kullanilan firm.
Fig. 33: Oven
used for melamin
formaldehyde
procedure.

Uygulama 6ncesi yerlerinden hareket ettirilemedigi ~ Since the frames of Yenikap1 3 shipwreck could not be
icin belgeleme ¢alismalar1 gergeklestirilemeyen — documented due to inability to remove them before,
Yenikap: 3 numarali batia ait egriler, uygulama they were easily drawn following this procedure.
sonrasinda rahatlikla ¢izime alinabilmistir. Yontem  Dimensional stability of the timbers was secured
sonrasinda ahsap]arln boyutsa] duraganhgl after the procedure, and the color of the timbers was

saglanmis ve ahsaplarin renginde agilma meydana  lightened (Fig. 34).
gelmistir (Fig. 34).

Fig. 34: Melamin formaldehit yontemi oncesi (iist) ve sonrasi (alt) batik egrileri.
Fig. 34: Shipwreck frames before (top) and after (bottom) melamin formaldehyde procedure.
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Yenikapi batiklarinda uygulanan konservasyon siireclerinde elde edilen giincel bilgiler Tablo 1°de verilmektedir.

Batik Tuzdan arindirma Demir iiriinlerinden arindirma Konservasyon yontemi Durum
%35 disodyum EDTA ve %5 .
YK I Tamamland: oksalik asitten olusan ¢ozeltiyle Ellfri}t;?dlme-vakumlu dondurarak 2016’da tamamland1
temizlendi
%35 disodyum EDTA ve %5 . %30 PEG konsantrasyonu ile
YK 2 Tamamland1 oksalik asitten olusan ¢ozeltiyle llzlllir(jtfnr;ldmne-vakumlu dondurarak devam ediyor.
temizlendi
%45 PEG konsantrasyonu ile
%5 disodyum EDTA ve %5 PEG emdirme-vakumlu dondurarak devam ediyor.
YK 3 Tamamland1 oksalik asitten olugan ¢ozeltiyle kurutma + Ileri derecede bozulmusg batik
temizlendi Melamin formaldehit yontemi ahsaplarinda ise melamin
formaldehit yontemi kullanildi.
YK 6 T %3 disodyum EDTA’den” olusan | PEG emdirme-vakumlu dondurarak % 40 PEG konsantrasyonu ile
amamland1 o . . ]
¢ozeltiyle temizlendi kurutma devam ediyor
%3 disodyum EDTA’den” olusan | PEG emdirme-vakumlu dondurarak % 30 PEG konsantrasyonu ile
YK 7 Tamamland1 o . . .
¢ozeltiyle temizlendi kurutma devam ediyor
PEG emdirme-vakumlu dondurarak fleri derecede bozulmus ka
0, 1 ’ -
YK 8 Tamamland1 /25 dlgodyum E DTA. den olusan kurutma plama ahsaplarinda melamin
gozeltiyle temizlendi N formaldehit yontemi kullanildi
Melamin formaldehit yontemi ormaidehit yontemi kutiantidt.
. PEG emdirmeye hazir.Batik
e , PEG emdirme-vakumlu dondurarak icerisinde bulunan ileri dere-
%S5 disodyum EDTA’den olusan kurutma
YKO9 Tamamland: szeltivie temizlendi 4 cede bozulmus dal pargalarin-
gozeiity’e temizie - - . da melamin formaldehit y6n-
Melamin formaldehit yontemi temi kullamld:
YK 10 Tamamland1 Baglanmadi Baglanmadi
%35 disodyum EDTA ve %5 . o .
YK 12 Tamamland1 oksalik asitten olugan ¢ozeltiyle Elllir(jt;r;ldmne—vakumlu dondurarak d/;j:nfsg lzznsantrasyonu ile
temizlendi y
YK 13 Tamamland: Baglanmadi Baglanmadi
%35 disodyum EDTA ve %5 . .
YK 15 Tamamland: oksalik asitten olusan ¢ozeltiyle ll:[lfri}tfnfdlme-vakumlu dondurarak PEG emdirmeye hazir
temizlendi
illlir(u}tzlr;ldlrme—vakumlu dondurarak fleri derecede bozulmus
YK 16 Tamamland1 Baslanmadi N egrilerde melamin formaldehit
Melamin formaldehit yontemi yontemi Kullanilds
YT ; P—
YK 17 Tamamland: Q/(0)5Z giis}(l)f‘éytl:::q 1];3}2%\1 den olusan Efr(itfnrgdlrme vakumlu dondurarak PEG emdirmeye hazir
0, 1 ) . _
YK 18 Tamamland1 gigﬁ;)li ﬁﬁiggﬁ den olusan ll:[l;:r(;xtrenr:dmne vakumlu dondurarak PEG emdirmeye hazir
0, 1 El . _
YK 19 Tamamland1 é’)ig};;f‘e ytlé I;EEE:; den olusan Efr(jt;r;ldlme vakumlu dondurarak PEG emdirmeye hazir
IYPT ; P— -
YK 20 Tamamland: Q/(0)5Z giis}(l)f‘éytl:::q 1];3}2%\1 den olusan Efr(itfnrgdlrme vakumlu dondurarak PEG emdirmeye hazir
Py : > B _ [ i
YK 21 Tamamland: /35 d1_sodyum _EDTA den olusan PEG emdirme-vakumlu dondurarak % 15 PEG konsantrasyonu ile
¢ozeltiyle temizlendi kurutma devam ediyor.
YK 22 Tamamlandi Baglanmadi Baglanmadi
YK 25 Tamamland1 Baglanmadi Baglanmadi
YK 26 Tamamland: Baglanmadi Melamin formaldehit yontemi ?é[iil?l?zlﬁformaldehlt yontem
%5 di 0 % 40 PEG k t il
%5 d1.sodyum EDTA ve %5 ] PEG emdirme-vakumlu dondurarak % J konsantrasyonu ile
YK 27 Tamamland1 oksalik asitten olusan ¢ozeltiyle Kurutma devam ediyor.
temizlendi
%35 disodyum EDTA ve %5 . .
YK 28 Tamamland1 oksalik asitten olusan gozeltiyle ]F(’l]lir(jt::nrgdlme-vakumlu dondurarak PEG emdirmeye hazir
temizlendi
YK 29 Tamamland: Bagslanmadi Bagslanmadi
%35 disodyum EDTA ve %5 . o .
YK 30 Tamamland1 oksalik asitten olugan ¢ozeltiyle l}:fr(jtfnr:dlrme-vakumlu dondurarak (ﬁjé)nll’}jgyl:;nsantrasyonu ile
temizlendi )
0, M ’ : _ .
YK 31 Tamamland: /25 dlgodyum EDTA den olusan PEG emdirme-vakumlu dondurarak PEG emdirmeye hazir
¢ozeltiyle temizlendi kurutma
YK 32 Tamamland: Baglanmadi Baglanmadi
YK 34 Tamamland: Baglanmadi Bagslanmadi
YK 35 Tamamlandi Baglanmadi Baglanmadi
YK 36 Tamamland1 - Melamin formaldehit yontemi 2015’de tamamland1
YK 37 Tamamland: Bagslanmadi Baglanmadi
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Up-to-date information for the conservation procedures applied to Yenikap1 shipwrecks is provided in Table 1.

Shipwreck Desalinization Cleaning of Iron Products Conservation Method Status
Cleaned 5% mixture of disodium . . . .
YK 1 Completed EDTA and oxalic acid PEG impregnation-vacuum freeze drying | Completed in 2016
. - Concentration of PEG 30%
0,
YK 2 Completed gg%r:gni/gxﬁliﬁtzg dOf disodium PEG impregnation-vacuum freeze drying | (continuing)
Concentration of PEG 45%
. . . (continuing)
VK 3 Completed Cleaned 5% mixture of disodium EEG impregnation-vacuum freeze drying Melamine formaldehyde method
P EDTA and oxalic acid . used for conservation of highly
Melamine formaldehyde method deferi
eteriorated
timbers and keel
. L Concentration of PEG 40%
0,
YK 6 Completed g]l;%ged 5% mixture of disodium PEG impregnation-vacuum freeze drying | (continuing)
. S Concentration of PEG 30%
0,
YK 7 Completed g};?:d 5% mixture of disodium PEG impregnation-vacuum freeze drying | (continuing)
PEG impregnation-vacuum freeze dryin; Melamine formaldehyde method
Cleaned 5% mixture of disodium preg Y8 | yused for conservation of highly
YK 8 Completed + .
EDTA . deteriorated
Melamine formaldehyde method
planks
. . . Ready for PEG impregnation.
YK 9 Completed Cleaned 5% mixture of disodium EEG impregnation-vacuum freeze drying Melamine formaldehyde method
P EDTA . used for conservation of wooden
Melamine formaldehyde method L
sticks inside the boat
YK 10 Completed Not started Not started
Cleaned 5% mixture of disodium . . . Concentration of PEG 45%
YK 12 Completed EDTA and oxalic acid PEG impregnation-vacuum freeze drying (continuing)
YK 13 Completed Not started Not started
Cleaned 5% mixture of disodium | PEG impregnation-vacuum freeze drying | Ready for PEG impregnation.
YRI5 Completed EDTA and oxalic acid
Melamine formaldehyde method
PEG impregnation-vacuum freeze drying | used for
YK 16 Completed Not started + conservation of highly
Melamine formaldehyde method deteriorated
floor timbers
PR — - -
YK 17 Completed g]l)e:}Zed 5% mixture of disodium PEG impregnation-vacuum freeze drying Ready for PEG impregnation.
PR — - -
YK 18 Completed g]l;%rlfd 5% mixture of disodium PEG impregnation-vacuum freeze drying Ready for PEG impregnation.
PR — - -
YK 19 Completed gg;ied 5% mixture of disodium PEG impregnation-vacuum freeze drying Ready for PEG impregnation.
YR — - -
YK 20 Completed g})e%lrd 3% mixture of disodium PEG impregnation-vacuum freeze drying Ready for PEG impregnation.
. S Concentration of PEG 15%
0,
YK 21 Completed gge%rxd 5% mixture of disodium PEG impregnation-vacuum freeze drying | (continuing)
YK 22 Completed Not started Not started
YK 25 Completed Not started Not started
. Ready for Melamine
YK 26 Completed Not started Melamine formaldehyde method formaldehyde method
. - Concentration of PEG 40%
0,
YK 27 Completed g};ﬁ}fgﬂi/gxﬁliztzg dOf disodium PEG impregnation-vacuum freeze drying | (continuing)
Cleaned 5% mixture of disodium . . . Ready for PEG impregnation.
YK 28 Completed EDTA and oxalic acid PEG impregnation-vacuum freeze drying
YK 29 Completed Not started Not started
. L Concentration of PEG 30%
Cleaned 5% mixture of disodium . . . S
YK 30 Completed EDTA and oxalic acid PEG impregnation-vacuum freeze drying | (continuing)
PV — - -
YK 31 Completed g};?;‘ed 5% mixture of disodium PEG impregnation-vacuum frecze drying Ready for PEG impregnation.
YK 32 Completed Not started Not started
YK 34 Completed Not started Not started
YK 35 Completed Not started Not started
YK 36 Completed - Melamine formaldehyde method Completed in 2015
YK 37 Completed Not started Not started
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SONUC VE DEGERLENDIRME

Yenikap1t  batiklarimin~ yapim  tekniklerinin
belirlenebilmesi i¢in siirdiirdiigiimiiz caligsmalardan
elde edilen verilere gore, kaplama-temelli insa
yontemi ile iskelet-temelli insa yOnteminin ortak
ozelliklerini barindiran gegis donemi yapim teknikleri
ile ilgili detaylara ulagilmistir. Su ana kadar yapilan
incelemelerde, gorece daha erken doneme tarihlenen
bazi Yenikap1 gemilerinin kabugunu olusturan
kaplama tahtalarinin birlestirilmesinde pim kilitli ve
pimsiz-zivanali gegmelerin kullanildig1 goriilmiistiir.
Gemilerin biiyiikk bir ¢ogunlugunda ise kaplama
tahtalarinin birlestirilmesinde kavelalar kullanildigi
belirlenmistir. Kaplama birlesmelerine gore ticlincii
grubu, kaplamalarinda herhangi bir kenar birlestiricisi
bulunmayan gemiler olusturur.

Batiklardaki koruma siireci, kaziya paralel olarak
baglatilmis; kalintilarin  araziden kaldirilmasinin
ardindan belirlenen konservasyon prosediirleri
her bir batik i¢in eksiksiz uygulanmistir. Demir ve
bilesiklerinin kimyasal temizligi i¢in uygun ydntem
belirlenirken uygulama siiresi ile kimyasallarin
ahsaplar ve insan saglig1 {izerindeki etkisi
dikkate alinmakta; SEM-EDX, X Isim1 Floresans
Spektroskopisi  (XRF) analizleri ile yapilan
mekanik ve kimyasal temizlik isleminin sonuglari
kontrol edilmektedir. Bu kapsamda gergeklestirilen
laboratuvar uygulamalari ile uygun temizlik yontemi
belirlenmektedir. Koruma kimyasalinin emdirme
stireci SEM ve FTIR analizleri ile kontrol edilmekte
ve yine emdirme siiresi buna gore belirlenmektedir.
Melamin formaldehit, ahsaplarin mekanik olarak
daha dayanikli hale gelmesini saglamistir. Ozellikle
suya doymus koyu goriintiiden dolay1 konservasyon
Oncesi ahgap iizerinde tespit edilemeyen alet izi
gibi detaylar, konservasyon sonrasinda rahatlikla
anlagilabilmektedir. =~ Konservasyon  sonrasinda
melamin formaldehit, ahsaplarin mekanik olarak daha
dayanikli hale gelmesini saglamistir. Ancak yontemin
geri  doniiglimiinin ~ olmadigi  unutulmamalidir.
Gergeklestirilen pek cok koruma uygulamasi ile
elde edilen sonuglar degerlendirildiginde, PEG 6n
emdirmesi-vakumlu dondurarak kurutma yontemi
Yenikap1 batiklarmin konservasyon c¢alismalarinda
kullanilan ~ temel  koruma  yOntemi  olarak
belirlenmistir. Ahsaplar {izerinde gerceklestirilen
caligmalar, oldukca yiiksek boyutsal duraganligin ve
konsolidasyonun saglandigini1 gostermistir.
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CONCLUSION

Data from our studies on identifying construction
techniques of the Yenikap1 shipwrecks have
revealed details about a transitional construction
technique, suggesting common features of the shell-
based and skeleton-based shipbuilding techniques.
Studies conducted so far indicate that pegged and
unpegged mortise-and tenon joints were used as
edge fasteners in planking composing the hull in
some of the Yenikap1 shipwrecks. On the other
hand, dowels were used to join planking in most
of the ships. A third group of ships is represented
by vessels lacking any edge fasteners according to
their joints.

The conservation process has started in parallel
to excavations, and conservation procedures that
have been determined after removal of the remains
have been applied for each shipwreck thoroughly.
While determining the most appropriate method
for chemical cleaning of iron and iron composites,
we consider the duration of procedure and the
effect of chemicals on timbers and human health,
and the outcome of the mechanical and chemical
cleaning procedures is examined by Scanning
Electron Microscopy-Energy dispersive X-Ray
Spectroscopy (SEM-EDX) and X-ray Fluorescence
Spectroscopy (XRF) analyses. These laboratory
procedures allow us to determine an appropriate
cleaning method. The impregnation of the
preserving chemical is controlled by SEM and
FTIR analyses in order to determine the duration
of impregnation. Especially, details such as tool
marks on the timbers which are unnoticed prior to
conservation due to its dark color saturated with
water can be easily detected after conservation. After
conservation procedure, melamine formaldehyde
help making the timbers mechanically more stable.
However, it should be kept in mind that it is an
irreversible treatment. As a result of the evaluation
of the outcomes from various conservation
applications, PEG-impregnated freeze-drying
method has become the main technique used for
conservation of the Yenikapi shipwrecks. Studies
showed that the technique ensured very high stability
and consolidation.



Istanbul Universitesi Sualt: Kiiltiir Kalintilarin1 Koruma
Anabilim Dal1, Yenikap1 Batiklar1 Projesi ile Tiirkiye’de
suya doymus ahsap eserlerin konservasyonu alanindaki
biiyiik bir boslugu gidermistir. Diinyanin en biiyiik batik
gemi koleksiyonunun sergilenebilir hale getirilmesi igin
caligmalarini araliksiz siirdiiren Anabilim Dali’miz,
Tiirkiye’de bu alanda ilk akademik yapilanma olma
unvanint almistir. Tiirk bilim insanlarina suya doymus
ahsaplar iizerinde c¢alisma imkani sunan Yenikapi
Batiklart Projesi, akademik anlamda bu konuda
caligacak uzmanlarin, bilim insanlarinin ve 6grencilerin
yetismesinde dnemli bir okul olmustur.

Giiniimiizde Yenikapi’da herkesin alelacele gelip
gectigi istasyonlarin sira dig1 yapim Oykiisii ise pek ¢ok
yoniiyle her zaman hatirlanacaktir. Yiizyilin arkeoloji
kesifleri arasindaki yerini simdiden alan Yenikap1
Kazilar1 ise kurulmasi elzem olan bir miize ile kendini
oliimsiizlestirecektir.
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With the Yenikap1 Shipwrecks Project, the Department
of Conservation of Marine Archaeological Objects
of the Istanbul University has filled an important gap
in the field of conservation of waterlogged wooden
artifacts. Our Department, continuing to spend efforts
to make the world’s largest shipwreck collection to be
displayed, has become the first academic organization
in that field in Turkey. Providing opportunity to
Turkish scientists to study waterlogged timbers, the
Yenikap1 Shipwrecks Project serves as an important
school for training of experts, scientists and students
who will work in this field.

Today, the extraordinary construction story of the
stations in Yenikap1 where everybody hastily passes
by will always be remembered in many aspects. The
Yenikapt Excavations, which have already claimed
its place among the archaeological discoveries of
the century will be immortalized with a must-have
museum.
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OZET

Ekim 2013 tarihinde Arles Miizesi’nin Antik Eserler
Boliimii’nde Roma Donemi kenti Arles’m deniz ve nehir
liman1 eserlerine ayrilan yeni bir kanadin resmi agilisi
yapilmigtir. Denizcilik eserlerinden olusan bu muazzam
koleksiyonun basyapiti, 2011 yilinda olaganiisti sekilde
iyi korunmus durumda Rhone nehrinden ¢ikarilan bir
Gallo-Romen mavnasi olan Arles-Rhone 3 batiidir.
Adeta seyir halindeymiscesine sergilenen mavnanin
cevresinde denizcilikle ilgili yaklagik 480 eserle birlikte
limanin ticari faaliyetleri sergilenmistir.

Bu makalede biiyiik bir kism1 konservasyonuna ayrilacak
sekilde mavnanin kazilmasindan sergilenmesine kadar
gergeklestirilen farkli asamalar anlatilmaktadir.

ARLES VE ANTIK DONEM MiRAS|

Fransa’nin gilineyinde yer alan Arles, yaklasik 52.000
sakiniyle Rhone nehrinin kiyisinda Akdeniz’e oldukca
yakin bir bolgedeki nehir agzinin baginda yer alan kiigiik
bir sehirdir.

Sehrin tarihi merkezinin zenginligi ve buraya duyulan
ilgi, 1981 yilinda UNESCO’nun kent merkezini Diinya
Mirast Alan1 olarak ilan etmesiyle teyit edilmistir.
Arles kent merkezi, listeye tarihi Roma ve Orta Cag
Donemi’'ne ait yapilartyla dahil edilmistir. Roma
Donemi eserleri dikkate alindiginda, Arles ¢ok sayida
anit barindirmaktadir. Arles’da halen goriiniir durumda
olan Roma Ddnemi’ne ait yapilar su sekilde siralanabilir:
degerli malzemelerden elde edilen siislemeleriyle
Arles’in Roma Donemi’ndeki zenginligini gdsteren
MO 12’ye ait tiyatro; MS 1. yiizyihn sonlarina ait
bir amfitiyatro; Antik Donem forum’unda yer alan

ABSTRACT

In October 2013, a new wing dedicated to the sea-
river port of the Roman city of Arles was inaugurated
in the musée départemental Arles antique. The
master piece of this great nautical collection is the
Arles-Rhone 3 shipwreck, a Gallo-Roman barge
exceptionally well preserved and raised from the
Rhone River in 2011. Around the barge, presented as
if it was navigating, almost 480 objects related to the
navigation, the commerce and the activities of the
port are exhibited.

This paper presents the different steps, from
the excavation to the exhibition of the barge in
the museum, with a great part dedicated to its
conservation.

ARLES AND ITS ANCIENT HERITAGE

Arles is situated in South of France. It is a small
city of around 52.000 inhabitants located nearby the
Rhone River, at the head of the mouth, very close to
the Mediterranean Sea.

The richness of the city historical center and the
attention to it is testified by the fact that it has been
listed as a UNESCO World Heritage Site since 1981.
Arles city center has been included in this list thanks
to its ancient Roman and Medieval buildings. As far
as the Roman buildings are concerned, Arles has
indeed preserved a great number of monuments. The
main ancient Roman buildings that are still visible in
Arles are: the 12 BC theater decorated with precious
materials testament to Roman Arles wealth; an
Amphitheatre dating back to the end of the 1% ¢. AD;

*Sabrina Marlier, Deniz Arkeologu, Arles Miizesi Antik Eserler Boliimii/Bouches-du-Rhdne Boliim Konseyi, Nehirden Miizeye Arles-
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tapinagin bir bolimii; Belediye Binasi’nin altinda ve
Octavius’un altin kalkaninin bir Roma Donemi mermer
kopyasinin bulundugu yerde artik goriiniir durumdaki
cryptoporticus; MS 2. yiizyihin ortasma tarihlenen ve
giiniimiizde topragin altinda gomiilii halde miizenin
bulundugu alanin ucunda yer alan biiyiik bir hipodrom;
su anda arkeoloji miizesinde sergilenmekte olan Roma
Dénemi’ne ait gosterisli lahitlerin bulundugu Alyscamps
nekropolii; ve MS 4. yiizy1l Konstantin Hamami olarak
bilinen 6nemli bir termal hamam kompleksi (Fig. 1).
Roma Dénemi’ne ait yapilarin bollugu, “Galya’daki
kiicik Roma” (Ausone, Ordo urbium nobelium, 73-
77) olarak adlandirilan Arles’mn olduk¢a zengin ve
onemli bir Roma Imparatorlugu sehri olduguna isaret
etmektedir. Bu Roma kolonisi MO 46 yilinda Julius
Caesar tarafindan kurulmus olup, yukarida bahsedilen
yapilar ilk imparator Augustus’un hiikiim siirdiigi
dénemde insa edilmisti. O dénemde Imparatorlukla
birlikte baslayan baris donemi sayesinde Arles, Akdeniz
ile Galya arasinda dnemli bir ticari merkez durumuna
gelmistir. Ana baglant1 yollar1 (yol, nehir ve deniz)
tizerindeki avantajli konumu zenginlik diizeyinin
gelisimine katkida bulunmustur. Konumu sayesinde
Arles limanina Akdeniz eyaletlerinden tiim fiiriinler
geliyor ve Rhone nehri ve kollariin olusturdugu
kuzey-giiney ticaret yolu ile iilkenin sinirlarma (/imes)
varana kadar i¢ bolgelere dagitilmasi saglaniyordu.
Ayni sekilde, i¢ bolgelerden alinan iiriinler Akdeniz’in
tamamina ulastirtliyordu. Gemi tagimaciligi bu mallarin
teslim edilerek aktarilmasimi sagliyordu. Giiniimiizde
Arles’da Rhone nehrinin gectigi bolgede tarihleri MO 1.
yiizy1l ile MS 4. ylizy1l arasinda degisen, bilinen on bes
civarinda batik bulunmaktadir.! Nehir mavnalari, deniz-
nehir tekneleri ve denizde seyredebilen kiigiik tekneler
olarak tanimlanan ve arastirma yapilan bu batiklarin
¢esitliligi, Roma Imparatorlugu doneminde Rhone nehri
sularinda diizenli sefer yaparak Arles limanina ugrayan
teknelerin zenginligini yansitmaktadir. Bu batiklar ayni
zamanda bu farkli tekne tiplerinin birbirini tamamlayici
Ozelliklerinin de kanitidir> Bunun da otesinde, her
seyden Once, Rhone nehrinde bulunan yiizbinlerce
amfora ve ¢anak ¢omlek, aligveris ve ticari akisin yapisi
konusunda bize bilgi vermektedir (Fig. 2).

1 LONG - PICARD (ed.) 2009, p. 232-239 ; MARLIER 2018, p. 121-129.
2 MARLIER 2018.

TINA

partofatempleinthe ancientforum;the cryptoporticus
that are now visible beneath the Municipal Hall and
where a Roman marble copy of Octave’s golden
shield was found; a great hippodrome dated from
the middle of the 2™ ¢. AD, today buried and at the
extremity of where the museum is; the necropolis
of the Alyscamps where there are beautiful Roman
sarcophaguses, now exhibited in the archaeological
museum; and an important thermal bath complex
known as the Baths of Constantine dated from the 4®
c. AD (Fig. 1).

The richness of the Roman buildings testified that
Arles was quite a rich and important Roman city,
called “the little Rome of Gaules” (Ausone, Ordo
urbium nobelium, 73-77). The Roman colony was
founded in 46 BC by Julius Caesar and it is under
the rule of the first emperor, Augustus, that the major
buildings mentioned previously were built. At that
time, thanks to the period of peace started with the
Empire, Arles became an important trade center
between the Mediterranean and Gaul. Its favourable
location at the crossroads of major communication
axes (road, river and sea) would contribute to its
growing wealth. The port of Arles would thus receive
all the products from the Mediterranean provinces
and ensure their redistribution to the interior of the
country (up to the /imes) thanks to the north-south
highway formed by the Rhone and its tributaries. And
in reverse, it received products from the hinterland
and then spread them throughout the Mediterranean.
Shipping ensured the delivery and transit of these
goods. At this day, we know some fifteen wrecks,
dating from between the 1* century BC and the
4% AD, in the Rhone at Arles'. These have been
identified as river barges, sea-river vessels and small
sea-going ships, and the variety of those wrecks that
have been investigated reflects the diversity of boats
that plied the waters of the Rhone and called at the
port of Arles in the Roman era. These wrecks are also
evidence of the necessary complementarity between
these different types of vessel>. Futhermore, it is,
above all, the hundreds of thousands of amphorae
and ceramics that the Rhone holds which informs us
as to the nature of exchange and trade flows (Fig. 2).

1 LONG - PICARD (ed.) 2009, p. 232-239 ; MARLIER 2018, p. 121-129.
2 MARLIER 2018.
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Fig. 2: Rhone’da 1986 yilindaki ilk arastirmalardan

sonra yapilan Rhone Nehri kazilarinda onbes batik gemi,
binlerce amfora ve ¢anak ¢dmlegin kesfedilmesi Roma
Imparatorlugu’nun bu biiyiik limaninin 6nemini gozler éniine
sermistir. (MDAA / O’Can-Ipso Facto © Teddy Seguin).

Fig. 2: Since the first investigations in the Rhone, in 1986,
the excavations in the Rhone River revealed the importance
of this Roman Empire great harbour with the discovery of
thousands of amphorae and ceramics and fifteen shipwrecks.
(MDAA / O’Can-Ipso Facto © Teddy Seguin)

Bizim “liman ¢opliigii” olarak nitelendirdigimiz bu
buluntular ¢ok daha karmasik bir yapiya sahiptir;
sonugta, Arles-Rhéne 3 batigt da ayni donemdeki
amforalar, ¢canak ¢omlekler ve diger binlerce gemicilik
ic aksam ve sehrin tiiketimi ve sanayi faaliyetleriyle
ilgili bu buluntu karmasasi i¢erisinde kesfedilmistir.?

ARLES MUZESI ANTIK DONEM BOLUMU VE RHONE
NEHRINDEKI MIRASI

Arles Miizesi Antik Donem Bolimii (Musée
départemental Arles antique), Arles ve cevresinin
gecmisine ayrilmis bir arkeoloji miizesidir (Fig.
3). Belediyeye ait bu miize 1995 yilinda agilmis
olup, olduk¢a yeni goziikmekle birlikte, miize
koleksiyonu Fransa’nin en eski miizelerinden biri olan
ve 1784 yilinda eski eserleri sergileme ve saklama
amaciyla kurulan sehrin ilk miizesiyle baglantilidir.
2003 yilindan bu yana miize, Bouches-du-Rhone
koleksiyonunun bir pargasidir. Fransa’da en c¢ok
ziyaret edilen arkeoloji miizesidir.

Kurulusundan beri miizenin programi, “kazidan halka” adi
verilen bir calismayla baglantilidir. Bu program miizenin
ii¢ tematik alanda organizasyonuyla iliskili ic mekéana
ayrilmig tiggen seklindeki yapi ile tutarhidir: koruma
ve aragtirma, sergileme, egitim. Rhone’un mirasinin
sergilenmesine yonelik olarak Rhone Nehri’ndeki yirmi

3 Arles-Rhone 3 (AR3), arkeolojik bir kod adidir ve batigin Arles’de
Rhone Nehri’nde kesfedilen iigiincii batik oldugu anlamina gelir.

Fig. 3: Fransa’nin Rhone Nehri yanindaki sehri Arles ve

on planda Arles Miizesi Antik Eserler Bolimii’niin mavi
binasi. Kazilar nehrin kars kiyisinda yapilmistir. (MDAA
© Rémi Bénali).

Fig. 3: The French city of Arles, nearby the Rhone

River, with the blue musée départemental Arles antique
(Departmental Museum of Ancient Arles) in the foreground.
The excavations take place in the opposite bank. (MDAA ©
Rémi Bénali)

That which we have qualified as “port refuse” covers a
much more complex character and it is, in the end, within
this jumble of amphorae, ceramics and a thousand other
objects as much related to internal fittings and shipping
gear as to the consumption and industrial activities of the
town at the same period that the Arles-Rhone 3 wreck was
discovered’.

THE MUSEE DEPARTEMENTAL ARLES ANTIQUE (DEPARTMENTAL
MUSEUM OF ANCIENT ARLES) AND THE HERITAGE FROM THE
RHONE RIVER

The musée départemental Arles antique is an archaeological
museum dedicated to the past of Arles and its territory
(Fig. 3). This Municipal museum was inaugurated in 1995
and although as recent as it seems to be, the collection
of this museum is related to the town first museum, one
of the oldest ones in France, created in 1784 to preserve
et present Antiquities. Since 2003, the museum is part of
the Bouches-du-Rhone collectivity. It is the most visited
archaeological museum in France.

The program of the museum, since its creation, has been
linked to a work: « from the excavations to the public ».
This program is consistent with the triangular building
dedicated to three spaces related to the organization of the
museum in three thematic areas: preservation and study,
presentation, education.

3 Arles-Rhone 3 (AR3) is an archaeological code name which means that it
is the third shipwreck discovered in the Rhone River in Arles.



yillik arkeolojik aragtirmalarin sonuglar1 miizede ilk kez
2009 yilinda sergilenmistir. “Sezar in anisina Rhéne”a
(“Caesar, the Rhone for memory”) adanan (Fig. 4) sergide
2007 yilinda nehirde bulunan ve biiyiik olasilikla Julius
Caesar’n bir portresi olarak tanimlanan mermer biistiin
yani sira Ozellikle bolgenin ticari trafigi ile ilgili olarak
Rhone Nehri’nde bulunan birgok eser sergilenmistir.* Bir
yildan daha uzun bir siire 400,000 ziyaret¢i sonrasinda
serginin bir bolimii 2012 yilinda Paris’teki Louvre
Miizesine taginirken, Arles’daki sergi halkin ve medyanin
olagantistil ilgisini ¢ekmistir.

Bu biiylik basar1 sayesinde, ama ayn1 zamanda Arles
2013 Avrupa Kiiltir Baskenti Marsilya-Provence
projesine dahil edildiginden,
Bouches-du-Rhone boliimiiniin
bagkant 2010 yilinin sonunda Rhoéne
Nehri’'nden bir batigin  ¢ikarilip
restore edilmesi sonrasinda Arles
Arkeoloji Miizesi’nde sergilenmesi
karar1 almistir. Yapilacak is belliydi,
ancak devasa boyuttaydi: mavnanin
kazilmasi, ¢ikarilmasi, islemden
gecirilmesi ve restorasyonunun yant
sira buna eszamanli olarak, batigin
ve Roma Donemi Arles limaniyla
iligkili 480 buluntunun yer alacagi
bir miize ek binasinin yapimini da
iceren her seyin Ekim 2013 tarihine
kadar tamamlanmas1 gerekiyordu.
Teslim tarihinin agir baskisi altinda
kalan Arles Miizesi Antik Doénem
Boliimii sualtindan biiyilkk miktarda
eseri ¢ikarmak ve bunu miizede
sergilemek gibi biiyiik bir operasyonu
yonetmenin giligliigiinii omuzlamak zorunda kalmistir.
Iste bu nedenle, Roma Donemi Arles sehrindeki deniz
tasimaciligl, ticari deniz trafigi ve liman faaliyetlerini
kapsayan tematik alan1 barindiracak olan miizeyi
yeni bir boliim acarak genisletme zorunlulugu ortaya
cikmigtir. Arles-Rhone 3 batifi, c¢ok iyi korunmus
oldugundan ¢ikararak korunacak olan on bes batik
arasindan segilmisgtir.

Bu bilyiikk operasyon igin mavnanin kazilmasi ve
cikarilmasi i¢in harcanacak olan yaklagik 2 milyon,
konservasyon ve restorasyon i¢in harcanacak olan 1,2
milyon Euro dahil olmak iizere 9 milyon Euro biitce
ayrilmigtir.’ “Arles-Rhone 3” adi verilen ¢aligma, 2011-
2013 yillar arasinda gergeklesmistir.

Yiiziin  Uzerinde insandan olusan kiiratorler,
arkeologlar, sanayi dalgiclari, konservatorler, mimarlar
ve miizeograflar arasinda son derece organize bir
operasyon ve siki bir is birligi gerektirmistir. Verimliligi
en iist diizeye ¢ikarmak igin bir hayli yaraticilik gerekli
olmustur.

4 LONG - PICARD (ed.) 2009.

5 Geriye kalan 6 milyon miizenin ek béliimiine ve miizenin sergileme
islerine ayrilmistir.
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dedicated to César.

le Rhine pour mémoire

Fig. 4: César’a ithaf edilen serginin

Fig. 4: The poster of the exhibition
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Concerning the display of the Rhone’s heritage, the
museum exhibits for the first time the results of twenty
years of archaeological investigations in the Rhone
River in 2009. The exhibition dedicated to “Caesar, the
Rhone for memory” (Fig. 4) presented, with a marble
bust found in the river in 2007 and possibly identified as
a portrait of Julius Caesar, many other objects recovered
from the Rhone River, especially in relation with the
commercial traffic of the area®. After more than a year,
with around 400 000 visitors, a part of the exhibition was
moved in 2012 to the Louvre Museum in Paris, where,
as in Arles, the exhibition knew a great success with the
public as well as the media.

= Thanks to this great success, and
because Arles was also involved in
Marseille-Provence European Capital
of Culture 2013 project, the President
of the Bouches-du-Rhone department
decided, at the end of 2010, to remove
one shipwreck from the Rhone River
in order to restore it and to exhibit
it to the public in the archaeological
museum of Arles. The deal was
clear but incredible: everything had
to be finished by October 2013: the
excavation, the recovery, the treatment
and the restoration of the barge and,
in the same time, an extension of the
museum to welcome the shipwreck and
some 480 objects related to the roman
harbour of Arles. Under high pressure
because of the deadline, the Musée
départemental Arles antique had to
face the challenge of managing a great
operation of recovery of a large amount of materials
from underwater and its musealization. This is the reason
why the museum had to be enlarged with a new wing
to host the new thematic area of the shipping activities,
the commercial traffic and the port activities of the city
of Arles in Roman times. The Arles-Rhone 3 shipwreck,
because it was very well preserved, was chosen among
fifteen shipwrecks to be removed and preserved.

For this great operation, 9 millions of euros has been
allocated including nearly €2 millions for the excavation
and the raising of the barge and €1,2 million for the
treatment and restoration’. The operation was called
“Arles-Rhone 3” and took place between 2011 and
2013. It required a highly organized operation and a
tight collaboration between curators, archaeologists,
commercial divers, conservators, architect and
museographer...: more than hundred people. And a lot of
creativity was necessary to maximise efficiency.

4 LONG - PICARD (ed.) 2009. 63

5 The other 6 millions were dedicated to the extension
of the museum and its museography.
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ARLES-RHONE 3 BATIGI

Arles-Rhone 3 batigi, 2004 yilinda Rhone Nehri’nin
Arles bolgesinde Luc Long yonetiminde Fransa Sualti
Arkeolojisi Boliimii (DRASSM) tarafindan yapilan bir
arkeolojik haritalama caligmasi sirasinda kesfedilmistir.
Batik, nehrin Roma Dénemi sehrinin liman ¢opligii
tabakalarina karsilik gelen sag kiyisinda, 4 ila 9 m
derinlikte, kalinlig1 40 cm ile 2 m arasinda degisen
tortullarm altinda saptanmustir. ik olarak 2005 ve 2006
yillarinda arastirma caligmasi yapilmig, bu ¢alismay1
2007°de yapilan sonar taramalar1 takip etmistir. Kazi
caligmalar1 programi 2008 yilinin basinda Arkaeos
Dernegi, Centre Camille Jullian/CNRS? ve Arles Antik
Donem Miizesi (Sabrina Marlier, Sandra Greck ve David
Djaoui yonetiminde) arkeologlarinin® ortak kontroliinde
gergeklestirilmistir (Fig. 5). Ug yil siiren kazilarda MS 1.
yiizyila tarihlenen bu 31 m uzunlugundaki Gallo-Romen
mavnasinin olaganiistli derecede iyi korunmus durumu
ortaya konmustur.” Govdenin, yiikleme i¢ diizeni ile
birlikte neredeyse tamamen korundugu, ayrica (21
tonluk tas yiik) ve gilivertede kesfedilenlerle birlikte ic
mekan egyalari (ocak/firin olarak yeniden kullanilan bir
dolium, mutfak gerecleri ve aletler), diimen kiiregi ve
cekme direginin vs. de ayni sekilde korundugu ortaya
cikmustir.

Mimarisi gz oniine alindiginda, Arles-Rhone 3 batigt
karinas1 diiz bir mavnadir; alt tarafi iic sira halinde
ikiser ikiger yerlestirilen alt1 adet borda kaplamasindan
yapilmustir (Fig. 6). Karinanin her iki tarafinda bulunan
sintine kaplamalar1 teknenin altindan yanlara gecisi
belirlemektedir. Diiz L harfi seklinde olan bu kaplamalar
karinanin hemen hemen tamaminda tek parga ahsaptan,
bas ve kigta ise kompozit pargalardan yapilmislardir.
Teknenin yan taraflan 6nde ve arkada kiipeste
kaplamalariyla kapli yeniden kesilmis yarim koknar
govdelerinden olusan etkileyici parcalardan yapilmistir.
Sintine kaplamalar1 ve yarim govdeli yan kaplamalar
teknenin uzunlamasina dayanikliligini saglarken, enine
destek 47 dosek ve teknenin govdesine yerlestirilmis 20
paracol ile saglanmistir. Bu dosekler arasinda geminin
ondeki iigte birlik kisminda digerlerinden ¢ok daha
bilyiik ve diregin ayagim oturtmak i¢in kare seklinde
oyulmus bir zivana deligi bulunan bir direk basamagi
bulunmaktadir. Direk daha yukarida es direk islevi goren
bir oturma tahtasindan dogru gegerek desteklenmistir.

6 LONG vd. 2009

7 CNRS Fransiz Ulusal Bilimsel Arastirma Merkezi’nin kisaltmasidir. CNRS
ve Aix-Marseille Universitesi'ne bagli olarak faaliyet gosteren Camille Jullian
Merkezi Aix-en-Provence bolgesinde bulunan ve i¢inde bir gemi insa labora-
tuart barindiran arkeoloji ve tarih ¢alismalari yapilan bir laboratuardir. Uzunca
bir siire Patrice Pomey tarafindan yonetilen merkezin giiniimiizde yoneticiligini
Guilia Boetto, yardimciligini ise Pierre Poveda yapmaktadir.

8 MARLIER vd. 2012.

9 DJAOULI vd. 2011.
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THE ARLES-RHONE 3 SHIPWRECK

The Arles-Rhéne 3 shipwreck was discovered in 2004
during an archaeological mapping operation undertaken
by the French Department of Underwater Archaeology
(DRASSM) in the Rhone at Arles, under the direction of
Luc Long. The wreck was located on the right bank of
the river between 4 to 9 m depth and beneath 40 cm to 2
m of sediments corresponding to the layers of port refuse
of the Roman city. First assessed in 2005° and 2006,
soundings were then take in 2007 before a programme
of excavations was established beginning in 2008 under
the joint supervision of archaeologists from the Arkaeos
association, the Centre Camille Jullian/CNRS’ and
the Museum of Arles Antique (under the direction of
Sabrina Marlier, Sandra Greck and David Djaoui)® (Fig.
5). Three years of excavation revealed the exceptional
state of preservation of this 31 m Gallo-Roman barge
dated from the middle of the 1% c. AD’. It appeared that
the hull was almost entirely preserved along with the
internal layout for loading, also preserved (21 tons stone
cargo), and the inner furniture with on board discoveries
(a dolium re-used as a hearth, kitchenware and tools),
the steering oar, the towing mast...

Concerning its architecture, the Arles-Rhone 3 wreck is
a flat bottomed barge, the bottom being made of six large
planks set two by two in three rows (Fig. 6). To either
side of the bottom, bilge strakes mark the transition from
bottom to sides of the craft. Shaped like a flat L, they are
made of a single piece of wood for most of the hull and
composite at front and back. The sides of the craft are
composed of impressive pieces: half trunks of recut fir
topped to front and back by planks of the gunwale. The
bilge strakes and the half-trunk side planking ensure the
longitudinal rigidity of the boat while transversal rigidity
is provided by 47 floor timbers and 20 knees set within
the hull of. Among these floor timbers there is a mast
step set in the front third of the boat that is much bigger
than the others and has a squared mortise carved out of
its centre to receive the mast foot. The mast is supported
higher up as it passes through a thwart serving as mast
partner. It was ahead of this mast step as the bow rises
that a votive coin was discovered. The boat builders
had slotted a silver denarius struck in Rome in 123 BC
between the bilge strake and a stringer to the starboard
side in order to bring good luck to the barge.

6 LONG et al. 2009.

7 CNRS is the french National Center for Scientific Research. Depending of
the CNRS and the Aix-Marseille University, the Centre Camille Jullian is an
archaeological and historical laboratory located in Aix-en-Provence welco-
ming a laboratory of naval architecture, directed during a long time by Patrice
Pomey and today directed by Giulia Boetto, assisted by Pierre Poveda.

8 MARLIER et al. 2012.

9 DJAOUI et al. 2011.



Fig. 5: AR3 batiginin kazilmasi. (MDAA / O’Can-Ipso Facto © Teddy Seguin)
Fig. 5: Excavating the AR3 shipwreck. (MDAA / O’Can-Ipso Facto © Teddy Seguin)

Teknenin bag tarafinin yiikseldigi bu direk basamagmin
ilerisinde bir adak sikkesi bulunmustur. Tekneyi insa
edenler mavnaya iyi sans getirmesi i¢in sintine kaplamasi
ile sancak tarafindaki bir kusagin arasina MO 123 yilinda
Roma’da basilmis glimiis bir dinar sikistirmstir.

Alt kaplama tahtalar1 sadece birlesme yerlerinin
kenarlarina enine ¢iviler kullanarak monte edilmis olup,
enine ahsap elemanlarin tabana ve sintine kaplamalarina
biitiin halinde birbirine yapigsmasini saglayan ve devam
ettiren ¢ok sayida demir ¢ivi kullanarak baglanmasiyla
olugturulmustur. Yanlar da sintine kaplamalari ve
egrilere ¢ivilerle baglanmistir. Toplamda 1700 ¢ivi
kullanilmistir. Buna ek olarak, direk oturagini yanlara
tutturmak icin dort adet iri demir ¢ivi kullanilmistir.
Ozellikle yanlarin 6ne dogru uzantisii belirleyen,
ayrica gergek bir metal cerceve ile ¢evrilmis pruvanin
kendi tizerindeki bosluklar1 titkamak amaciyla kullanilan
cok sayida demir baglanti pargas1 bulunmustur.
Govdenin su gegirmezligi, pargalari bir araya getirmeden
once kaplamalarin arasinda yerlestirilen ziftli bezleri
iceren bir sivama teknigi ile saglanmustir. Yapilan tekstil
analizi bezin yeniden kullanilan yiin pagavralardan
olustugunu, dokumasina dayanarak se¢ildigini ve
zifte batirilmadan once birbirine karistirildigini ortaya
koymustur.

The bottom planking was assembled using transversal
nails only at the edges of their joints and it was the
attachment of the transversal wooden elements to the
bottom and to the bilge strakes using many iron nails
that maintained and ensured a cohesive whole. The
sides were also affixed by nails to the bilge strakes and
the frames. In total 1700 nails were used. In addition,
four iron spikes were used to hold the mast thwart to
the sides. Numerous iron fittings were found, notably
to block the gaps that marked the extension of the
sides towards the front and also on the bow itself,
which is ringed with a veritable metal frame.

The watertightness of the hull was ensured by a luting
technique involving pitch cloth inserted between the
planks before assembly. An analysis of the textiles
has shown that the cloth was re-used woollen rags,
selected according to their weave and mixed together
before being soaked in pitch. This same substance, a
heated pine resin, was also applied to the inside and
outside of the hull once it had been constructed.
Another peculiarity of this wreck is that it has kept all
its interior fittings.
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Ayrica, inga edildikten sonra gévdenin i¢ine ve digina
ayn1 madde, 1sitilmig cam reginesi uygulanmustir.

Bu batikla ilgili bir diger alisilmadik husus da tiim ig
baglantilarin yerinde duruyor olmasidir. Kig¢ tarafa
dogru bulunan yerlesik donanima bakildiginda, alt
kaplamalara zift ile veya dogrudan zemin désemelerine
yapistirilan koruyucu kaplamalar yerlestirilmistir (Fig.
6). Geminin yiikiine gelince, mavnanin orta kisminda
neredeyse 16 metre uzunlugunda tam anlamiyla
bir gemi ambar1 kurulmustur. Ambar tamamen
kurulup sokiilebilir elemanlardan (toplamda 140 adet
boylamasina ve enlemesine parca ile birlikte yanal ve
enine bdlmeler) olugmustur; dort tarafi kapali, tstii
agiktir ve 13,32 m*’liikk bir hacme ahiptir.

Sekiz tanesi ambardan olmak {izere mavnanin on pargast
iizerinde sicak demir ve yedi grafiti ile isaretlenmis yedi
farkli yazit bulunmaktadir. Bu yazitlarin anlasilabildigi
yerlerde sicak demirle yapilanlar belki de kaplamalarin
depolanmasinda ve/veya insa edenlerin tanimlanmasina
yonelik bir diizende kullanilan isimleri ifade etmektedir.
Grafitiler ise bir dizi X veya IX ve agili bir R’den olusan
capraz taramalar gibi goziikmektedir. Bunlar biiyiik bir
olasilikla kaplama tahtalar1 veya kaplama gruplarinin
tanimlanmasina yardime1 olmustur.

Ana yap1 ve 6nemli bilesenlerin tiimii (karina, sintine
kaplamalari, enine ahgap dogramalar, iskaga, direk
oturagi, pruvanin ucu, diimen kiiregi) yaprak doken
mese agacindan yapilmastir.

As regards the on-board furnishings discovered to the
aft, protective planks were set against the bottom planks,
stuck with pitch or directly onto the floor timbers (Fig.
6). As for the cargo, a veritable hold over a length of
almost 16 m was set up in the central section of the
barge. This was made of fully dismountable elements (in
all, 140 longitudinal and transversal pieces plus lateral
and transversal partitions), was closed on four sides and
open to the air and represented a volume of 13.32 m’.
Ten elements of the barge, including eight from the hold,
bear seven different inscriptions marked with a hot iron
and seven graffiti. Where comprehensible, the former
refer to names, perhaps used as an order for storing
the planks and/or identifying the builders. The graffiti
appear as cross-hatching composed of a series of X or
IX and of an angular R. Most probably they helped to
identify planks or groups of planks.

The basic structure and key components were all made
from deciduous oak (bottom, bilge strakes, transversal
woodwork, mast-step, mast partner thwart, extremity of
the bow, steering oar). This is in contrast to the upper
parts of the planking and internal arrangements, where
different wood species are mixed in an unplanned
manner, with softwood being in the majority (mostly fir,
spruce, Scot’s type pine and deciduous oak). The mast
is the only piece of ash. All of these species come from
the Rhone valley and had to be transported by float or by
team to the shipyards.

s
-
-
W
& |
i
{
|




Kaplamalarn iist kisimlar1 ve i¢ diizenlemelerde ise tam
tersine farkli agag tiirleri plansiz bir sekilde karisik olup,
cogunlugunda yumusak kereste (cogunluklakdknar, ladin,
saricam ve yaprak doken mese) kullanilmistir. Digbudak
agacindan yapilan tek parca direktir. Bu agag tiirlerinin
hepsi Rhone vadisinden gelmistir ve tersanelere su
tizerinde yilizdiirerek veya kosum hayvanlartyla taginmak
zorunda kalinmigtir. Mese ya da yumusak kereste olsun,
kullanilan agaclar ¢ogunlukla yashidir (meseler en az
32-158 yasinda, koknar ise 160 ila 234 yag arasindadir).
Mavnanin ilk yapimi (karina, sintineler, enine ahsap
dogramalar, kaplamalar ve direk) icin gereken agag
sayisinin ambar ve i¢ donanim olmaksizin 50 ila 77 kesili
agac arasinda oldugu tahmin edilmektedir.'°

2011: KAZI CALISMASININ TAMAMLANMASI VE MAVNANIN
KARAYA CIKARILMASI

Avrupa ¢apinda yapilan bir ihale sonrasinda proje igin
sualt1 arkeolojisi sirketi Ipso Facto, ticari dalgi¢ sirketi
O’Can ve ARC-Nucléart konservasyon laboratuvari
secilmistir. Ayrica DRASSM ve Fransiz Ulusal Bilimsel
Arastirma Merkezi (CNRS) ve ozellikle Camille
Jullian Merkezi ile isbirligi icerisinde g¢aligilmigtir.!!
Kaz1 ve karaya c¢ikarma caligmalart 2011 yilinda
Sabrina Marlier ve David Djaoui (Musée départemental
Arles antique), Mourad El Amouri ve Sandra Greck
(Ipso Facto) ve Benoit Poinard (O’Can) yonetiminde
gergeklestirilmisgtir.

10 AR3 mavnasiyla ilgili tiim bulgular1 gérmek i¢in bkz. MARLIER

(ed.) 2014.
11 Bkz. not 7.
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Whether oak or softwood, the trees used were
mostly aged (oak a minimum of 32 to 158 years, fir a
minimum of 160 to 234 years). The number of trees
required for the construction of the initial structure
of the barge (bottom, bilges, transversal woodwork,
planking and mast), without the hold and internal
fittings, is estimated at between 50 and 77 felled
trees'”.

2011: END OF THE EXCAVATION AND RAISING OF THE
BARGE

After a European bid, the underwater archaeological
company, Ipso Facto, the commercial diving O’Can
and the conservation laboratory ARC-Nucléart were
selected. And we worked also with the collaboration
of DRASSM and the French National Center for
Scientific Research (CNRS), and especially the
Centre Camille Jullian''. The excavation and raising
operation took place in 2011 under the direction
of Sabrina Marlier and David Djaoui (Musée
départemental Arles antique), Mourad El Amouri
and Sandra Greck (Ipso Facto) and Benoit Poinard
(O’Can).

10 To see all the results concerning the AR3 barge, see MARLIER (ed.)
2014.
11 See note 7.
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Kazi asamasinda yasanan giicliik, mavnanin amforalar,
canak comlek ve Roma kentinin mezbaha gibi tiiketim ve
zanaat ¢alismalar1 agisindan i¢ donanimlart ve gemicilik
donanimlariyla ilgili binlerce baska objenin bulundugu
biiyiik  yogunluktaki Roma liman1 ¢Opliigiiniin
katmanlar1 iginde yer aliyor olmasiydi. Bu nedenle,
kaz1 yapmak ve mavnay1 ¢ikarmak igin oncelikle bu
materyali kazip temizlememiz gerekiyordu (Fig. 7). Cok
fazla zamanimiz olmadigindan, yeni kazi stratejileri
geligtirerek karmagik ¢alisma prosediirleri olusturduk.'?
Sonunda, batigi ¢evreleyen 1000 m*’iin tizerindeki
liman atig1 ¢okeltisinin kazilmasi i¢in yaklagik 5700
dalis saati ile 237 giin siireyle kazi ¢alismasi yapilmasi
gerekti; ¢cokeltinin 2011 yilindaki kazinin bir parcasi
olarak yaklagtk 900 m*’ii karada elekten gegirilmigtir
(Fig. 8). Bu noktadaki dokiintii tabakalarinin stratigrafisi
belgelenerek, icinde saptanan arkeolojik materyal
Arles Eski Eserler Miizesi’ne teslim edilmistir. Bu
materyal 4000’in iizerinde nesne ve yaklasik 1200 kasa
arkeolojik eserden olusmaktadir. Yiiksek kalitede her
tirden malzeme (¢anak ¢omlek, cam, ayn1 zamanda
ahsap, kemik, deri...) bulunmustur. Bu malzemeler su
anda miizenin depolarinda bulunmakta, korunmakta ve
lizerinde galisma yapilmaktadir; ¢ok az bir kismi ise
miizenin yeni ek binasinda sergilenmektedir.

12 Bu teknik 6zellikler i¢in bkz. MARLIER (ed.) 2014, béliim 2.

The difficulty, for the excavation, was that the barge was
included in the layers of the Roman harbour garbage
dump of a great density, in which we found amphorae,
ceramics and a thousand other objects as much related
to the internal fittings and shipping gear as to the
consumption and artisanal activities of the roman town,
as butcheries. So, to excavate and lift the barge we
had first to excavate and remove this material (Fig. 7).
Since we did not have much time, we developed new
excavation strategies and established complex operating
procedures!?. At the end, 237 days of excavation
involving some 5 700 dive hours were necessary to
excavate more than 1 000 m* of the port refuse sediment
that enveloped the wreck, of which some 900 m* were
sifted on land as part of the dig in 2011 (Fig. 8). The
stratigraphy of the refuse layers in this immediate
site was documented and the archaeological material
found within was handed over to the Museum of Arles
Antique. It represents more than 4 000 objects and
almost 1 200 crates of archaeological artefacts. And we
found all types of materials (ceramics, glass, but also
wood, bones, leather...) of high quality. This material is
currently in the storages of the museum, to be preserved
and studied and just a little part of it is exhibited in the
new wing of the museum.

12 For these technical aspects, sce MARLIER (ed.) 2014, chapter 2.

Fig. 7: 2011 yilinda i¢inde AR3 batiginin gémiilii oldugu Roma limani ¢6p alaninda bulunan amfora ve ¢anak ¢omlek
cesitlerininin bir kisminin goriintiisii. (MDAA © Rémi Bénali)

Fig. 7: A partial view of the variety of the amphorae and ceramics found in 2011 in the Roman harbour garbage dump
in which the AR3 shipwreck was embedded. (MDAA © Rémi Bénali)

68



Fig. 8: Emme hortumlarindan g¢ekilenleri kurtarmak igin yiizeyde bir elek sistemi kurulmustur. Sonrasinda en kiigiik
eserleri kurtarmak i¢in ayiklama yapilmistir. (MDAA © Rémi Bénali)

Fig. 8: A sifting system was set up on the surface in order to recover what was ejected from the suction hoses. Sorting
was then carried out to recover the smallest objects. (MDAA © Rémi Bénali)

Batigin ki¢ kismi, orta kismi, son olarak da 6n kisminda
yapilan kazi ve in situ belgeleme galigmalari sonrasinda,
mavna on parca halinde karaya g¢ikarilmistir (Fig. 9).
Caligma boyunca mavnanin biitiinliigiinii saglayabilmek
icin batig1 birka¢ parca halinde ¢ikarma secenegini
segmek zorunluydu. Batigi bir kerede tamamen
kazip uzun bir siire akinttya ve kaziyr yapanlarin
miidahalesine, ama ayni zamanda olas1 bir tagkina
da maruz birakma segenegi iizerinde durulmamustir.
Cikarldiginda mavnanin her bir 3 m’lik kismu bir
C-Track goriintiileme araci vasitasiyla 3 boyutlu olarak
kaydedilip incelenmistir'® (Fig. 10-11).

Arkeologlar dokiimantasyon ¢aligmalarini
tamamladiginda pargalar konservatorler tarafindan
sokiilerek Arles’dan 300 km uzaktaki Grenoble’da
bulunan ARC-Nucléart laboratuvarina gonderilmis ve
ahsaplar bir dizi islemden gecirilmistir.

13 MARLIER vd. 2017

After having excavated and documented in situ the
aft, then the center and finally the fore part of the
shipwreck, the barge was lifted onto land in ten
sections (Fig. 9). The choice to raise the wreck in
several sections was essential in order to ensure the
integrity of the barge throughout the work. It was
indeed excluded to excavate the shipwreck once in
its entirety and to expose it, for a long period, to the
current and to the excavators intervention but also to
a possible flood. When lifted, each 3 m section of the
barge was then recorded and surveyed in 3D using a
C-Track imaging tool" (Fig. 10 et 11).

Once the archaeologists had completed their
documentation work, the sections were disassembled
by conservators and were sent to the ARC-Nucléart
laboratory, situated in Grenoble, 300 km away from
Arles, where a series of treatments were given to the
woods.

13 MARLIER et al. 2017
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ginin bir bolimiiniin kaldirilmasi. (MDAA © Rémi Bénali)

Fig. 9: AR3 bat1

Fig. 9: The lifting of one section of the AR3 shipwreck. (MDAA © Rémi Bénali)
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Fig. 10: C-Track goriintiileme araci kullanilarak AR3 batiginin bir boliimiiniin ii¢ boyutlu kaydi. (MDAA / O’Can-Ipso

Facto © Teddy Seguin)

Fig. 10: 3D recording of one section of the AR3 shipwreck using a C-Track imaging tool. (MDAA / O’Can-Ipso Facto

© Teddy Seguin)

Chaland Arfes-Rhdne 3

Dimensions principales
Lomguewr hors-tout 3.00'm
Largeur hors-tout {avant redressement ) [ 307 m
Haarte s hors-tout (avec 2 madt en place) 381 m
Hautewr du bardé I 100 m

Fig. 11: Batigin yeniden biraraya
getirilen on boliimiiniin incelenmesi.
Govde hemen hemen eksiksizdir

ve konik pruvasiyla oldukea ince
goriiniimlii bir yapiya sahiptir. (CAO
P. Poveda, CCJ/CNRS ; DAO M. El
AMouri)

Fig. 11: Raw survey of the ten sections
of the shipwreck, reconnected. The
hull is almost complete and presents

a verry narrow shape with a tapered
fore. (CAO P. Poveda, CCJ/CNRS;
DAO M. El AMouri

Reberwis collectifs - Ipsa-Facto, Md A {613 @i 'nso

CAC B Poveda, CCMAML : DAC B El Amaur {1-.1 o
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2011-2013: MAVNANIN KONSERVASYONU VE
RESTORASYONU

ARC-NUCLEART'IN KARSILASTIGI BUYUK ZORLUK
ARC-Nucléart laboratuvari 1970 yilindan bu yana
arkeolojik duya doymus ahsaplarin konservasyon
islemleriyle ilgilenmektedir. Laboratuvarin deneyimi
Neolitik eserlerden antik dénem batiklarina, Ortacag
kanolarina veya 18. yiizyill armalarina kadar genis
yelpazeye uzanmaktaydi;'* ancak 2010 yilinin
sonlarinda 31 metre uzunlugundaki suya doymus bir
Roma mavnasini en fazla iki yil gibi kisa bir siire
icerisinde iglemden gecirme, restore etme ve sergileme
gicliigli ile karst karsiya kaldigimizda kendimizi
oldukga rahatsiz hissettik.

Bu ¢aligma tiim ortaklar arasinda oldukga organize bir
operasyon ve siki bir is birligi gerektiriyordu.'® Ik ahsap
pargasini bile ¢ikarmadan Once sokiilmiis durumdaki
teknenin her bir parcasinin tam sayisin1 ve boyutunu
bilmek, emdirme ve dondurarak kurutma konusunda
kesin bir program hazirlamak zorundaydik. Ancak,
restore edilen tekneyi destekleyen egriyi tasarlamak
ve son gorliniimiinii ortaya c¢ikarmak ancak tekne
¢ikarildiktan sonra miimkiin oldu.

Yanit gerektiren ¢ok soru vardi!

ROMA DONEMINDEN KALMA BU TEKNEDE KAC PARCA VARDI?

Teknenin tiimiinii tek par¢a halinde ¢ikarmak miimkiin
degildi. Kazinin yapilmast beklenen yedi aylik
déonemde Rhone Nehri’nin korunmamis durumdaki
batig1 tehdit eden ani tagkin riskinin yiiksek olmasi
nedeniyle Grenoble’a tagimak pratik olmayacakti ve
ARC-Nucléart’in mevcut tesisleri buna uygun degildi.
Zaman ve para yetersizligi nedeniyle tesislerde
degisiklik yapmak veya calismaya uygun tesis insa
etmek s6z konusu bile degildi. Bu nedenle, mavnay1
boliimlere ayirma fikri one siiriildii ve miize DRASSM
ile bu ¢oziim konusunda uzlagti. Her bir boliimiin tam
oOlgiisiinii belirlemek i¢in hem sualt1 kosullar1 hem de
mavnaya iglem yapmak i¢in ARC-Nucléart’in kapasitesi
g0z Oniine alind1. Ahsaplara dondurarak kurutma iglemi
uygulanmasina karar verildiginde ARC-Nucléart’da
bulunan en biiyiik dondurarak kurutma cihazlarn g ila
bes metre arasinda boyut kisitlamalarini beraberinde
getirdi. Bu da Arles-Rhone 3 batiginin ortalama iiger
metreden olusan on boliime ayrilmasina ve uygun
yerlerinden sokiilmesine yol agti.

Go6vdenin agir1 kirllganligi nedeniyle ahsabi yukari dogru
kaldirarak hareket ettirmek miimkiin olmadi. Tahtalarin
altina yerlestirilen ve tekerleklerle desteklenen bir dizi
polietilen plaka, ahsap elemanlarin tablalar tizerine
kaydirilmasina yardime1 oldu (Fig. 12).

14 BERNARD-MAUGIRON - COEURE 2007.
15 SINTES vd. 2013.
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2011-2013: CONSERVATION AND RESTAURATION

OF THE BARGE

ARC-NUCLEART FACED TO A MAJOR CHALLENGE

Since 1970, ARC-Nucléart’s laboratory has been
dedicated to archaeological waterlogged wood
conservation treatment. Experience ranged from
Neolithic artefacts to antic shipwrecks, medieval dug-
out canoe or 18th century rigging', but when, in late
2010, we had to face the huge challenge to treat, restore
and exhibit a 31-metre waterlogged Roman barge in no
more than two years, we felt quite uncomfortable.

This required a highly organised operation and a tight
collaboration between all the partners’®. Even before
lifting the first piece of wood, we had to know the
exact number and size of each part of dismantled boat
and we had to elaborate a precise schedule regarding
impregnation and freeze-drying process. However, only
once the boat lifted, was it then possible to design the
frame supporting the restored boat and to conceive the
final presentation.

Many questions requiring answers!

HOW MANY PIECES OF THE ROMAN BOAT?

Raising the entire boat in one single piece was not
possible. Beside the high risk of sudden flood of Rhone
River threatening the unprotected wreck during the
seven months of the expected underwater excavation,
transportation to Grenoble was impractical and the
existent facilities in ARC-Nucléart not suitable.
Modifying or building adapted facilities was simply out
of question because of the lack of time and money. So,
cutting the barge into sections was discussed and the
museum with the DRASSM agreed to this solution. To
determine the exact dimensions of each section we took
into consideration both the underwater conditions and
ARC-Nucléart’s capacity for treating the barge. Having
decided to freeze dry the wood, the largest freeze-dryers
at ARC-Nucléart imposed dimensional limitations of
between three and five metres. That led to cut Arles-
Rhone 3 into ten sections averaging three metres and to
dismantle them in suitable parts.

Because of the extreme fragility of the hull, it was
impossible to move the wood by lifting it up. A series
of polyethylene plates inserted under the strakes and
supported by rollers helped to slide the wooden elements
onto trays (Fig. 12).

14 BERNARD-MAUGIRON - COEURE 2007.
15 SINTES et al. 2013.



Fig. 12: Ahsap pargalarim tiim konservasyon siireci sirasinda
kullanilan paslanmaz gelik plakalar iizerine aktarilmast.

(© ARC-Nucléart).

Fig. 12: Translation of wooden parts on stainless steel trays used
during the whole conservation process. (© ARC-Nucléart)

Calismanin her asamasinda zamandan kazanmamiz
gerektiginden, isleri en uygun hale getirdik. En genis
dondurarak kurutma cihazina tam olarak oturan
paslanmaz celikten bir dizi tepsi yaptik. Bu tablalar
ahsaplarin ~ Arles’dan  Grenoble’a  taginmasinda,
emdirme isleminde, dondurarak kurutma isleminde ve
nihai agamada miizeye tasirken kullanildi. Bu sayede
ahsaplar sokiildiikten hemen sonra tablalar ilizerinde
giivende tutularak, restorasyon siireci boyunca onlarin
tizerinde kaldu.

AHSAPLARIN EMDIRILMEST ISLEMINDE HANGI PEG, NE
KADAR SUREYLE KULLANILMALIYDI?

Olduk¢a bozunmus durumdaki mese (kaplamalar,
dosekler ve paragoller), kdknar (yarim kiitiikten olusan
yan kaplamalar) ve cam (ortadaki kaplama tahtalar1)
ahsaplara PEG emdirme islemi yapilmak zorundaydi.
ARC-Nucléart’da genellikle standart uygulama iki
asamada bir yil siireyle PEG 4000 uygulamaktir.
Zamandan kazanmak amaciyla her iki asama da iki ay
kadar 6ne ¢ekildi (%20’de dort ay, sonra %35°de dort
ay) (Fig. 13). Sekiz aylik emdirme siiresinin olabilecek
en az siire oldugu diisiiniildii. Buna karsin, recinenin
ahsabin i¢ine yeterince derin bir sekilde niifuz etme
becerisini artirmak i¢in suya doymus ahsaplarla ugrasan
laboratuvarlarda yaygin bir sekilde kullanilan diisiik
molekiiler agirlikli PEG 2000 segildi.

PEG EMDIRME ISLEMI ICIN KAC ADET TANK GEREKTI?
Biiyiik bir tank (12 x 6 x 1 m) PEG %20’ye ayrildi, PEG
%35 emdirme iginse iki daha kii¢iik tank kullanildi.
PEG, kullanima hazir ¢6zelti halinde kamyonla teslim
edildi (Fig. 14).

Fig. 13: Kullanima hazir PEG soliisyonunun kamyonla
sevk edilmesi. (© ARC-Nucléart)

Fig. 13: Truck delivery of ready-to-use solution of PEG.
(© ARC-Nucléart)

As we needed to save time in every step of the
operation, we optimized handling. We made a series of
stainless steel trays fitting exactly in the widest freeze
dryer. These trays were used for transportation from
Arles to Grenoble, impregnation treatment, freeze-
drying and the final transportation to the museum.
Thus, the wood was secured on the trays right after
dismantling, and remained there throughout the
restoration process.

WHAT TYPE OF PEG FOR IMPREGNATION OF THE WOOD
AND HOW LONG?

Highly deteriorated oak (strakes, floor-timbers and
knees), fir (half-log sideplanks) and pine (central
plank lining) had to go through PEG impregnation.
Usually, the standard treatment at ARC-Nucléart is a
one-year impregnation of PEG 4000 in two stages. To
save some time we reduced both stages by two months
(four months at 20% then four months at 35%) (Fig.
13). An eight-month period of impregnation was
considered to be the absolute minimum. However,
to increase the ability of the resin to penetrate deep
enough into the wood we selected PEG 2000 with a
lower molecular weight, which is commonly used in
laboratories dealing with waterlogged wood.

HOW MANY TANKS FOR PEG IMPREGNATION?

One large tank (12 x 6 x 1 m) was dedicated to PEG
20%, and two smaller tanks were used for PEG 35%
impregnation. PEG was delivered by truck in ready-
to-use solutions (Fig. 14).
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Fig. 14: PEG emdirme havuzlart. (MDAA © Rémi
Bénali)
Fig. 14: PEG impregnation tanks. (MDAA © Rémi
Bénali)

KAC ADET DONDURARAK KURUTMA CiHAZI KULLANILDI?

Programa uymak igin iki adet uzun dondurarak
kurutma cihazi (5 m ve 4 m X 1 m ¢ap) ile bir adet
biiyiik dondurarak kurutma cihazi (2.70 m x1.70 cap)
kullamldi. Uciincii bir dondurarak kurutma cihazinin
devreye alinmasi konusunda Lyofal adli 6zel sirkete
giivenildi.

KURUTMA NE KADAR SURD{?

Bir dondurarak kurutma igleminin tamamlanmasi 6 ila
8 hafta arasinda zaman aldi. Bu nedenle, dondurarak
kurutma cihazlari hi¢ durmadan calisti. Zamani iyi
kullanmak i¢in, bir giin i¢inde dondurarak kurutma cihazi
sabahtan bosaltilarak yeni parti 6gleden sonra yiiklendi
(Fig. 15). ik dondurarak kurutma dongiisiine Subat
2012°de baslandi, sonuncusu ise miizenin ek binasinin
acilisina sadece iic ay kala Haziran 2013 tarihinde
uygulandi. Tekneyi tam anlamiyla kurutabilmek igin
kesintisiz en az 30 dondurarak kurutma dongiisi
gergeklestirildi.

DEMIR SULFUR TEHDIDI?

Mavnanin iizerinde 1700’in iizerinde demir c¢ivi
saylldigindan, demir siilfiir olup olmadigim kontrol
etmemiz gerekiyordu. Bu amagla SEM ve X-igini
kirinimi analizleri yapildi.'® Bu analizler givilerin
yiizeyinde ve demirle temas halindeki ahsaplarda
yiiksek diizeyde demir siilfiir biriktigini ortaya koydu
(Fig. 16). Civilerin ¢ogunu ¢ikarilmasina ve ¢ivilerin
etrafindaki ahsaptan yaklasik 5 mm alinmasina karar
verildi. Delikleri gizlemek i¢in ¢ivi baglarinin kaliplar
alind1.

16 BERNARD-MAUGIRON vd. 2013.
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Fig. 15: Pruvanin dondurarak kurutma cihazina
yerlestirilmesi. (MDAA © Rémi Bénali)

Fig. 15: Loading of the bow in the freeze-dryer.
(MDAA © Rémi Bénali)

HOW MANY FREEZE-DRYERS?

To match the schedule, we used two long freeze-
dryers (5 m and 4 m x diameter 1 m) and one large
freeze-dryer (2.70 m x diameter 1.70 m). We relied
on the private company Lyofal to provide the service
of a third freeze-dryer.

HOW LONG THE DRYING?

It took between 6 to 8 weeks to complete a freeze-
drying cycle. Thus, the freeze-dryers never stopped
running. For optimization of time, in a single day,
a freeze-dryer was unloaded in the morning and
reloaded in the afternoon with a new batch (Fig.
15). The first freeze-drying cycle began in February
2012, the last one was carried out late in June 2013.
Only three months before the opening of the museum
extension! No less than 30 nonstop freeze-drying
cycles were conducted in order to fully dry the boat.

IRON SULPHIDE THREAT?

As more than 1700 iron nails were counted on the
barge, we needed to check if iron sulphide was
present. SEM and X-ray diffraction analyses were
conducted'®. This revealed a high level of iron
sulphide concentrated on the nails’ surface and in the
wood in contact with the iron (Fig. 16). The decision
was taken to extract most of the nails and to remove
some 5 mm of wood surrounding the nails. Moulds of
the nail heads were made to hide the holes.

16 BERNARD-MAUGIRON et al. 2013.
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Fig. 16: Demir siilfatin ¢ivilerin ¢evresindeki agaca yayilimi. (© ARC-Nucléart)
Fig. 16: Diffusion of iron sulphide in wood around the nails. (© ARC-Nucléart)
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PRUVA VE DIREGE OZEL iSLEM UYGULANDI MI?

Pruva ve diregin her ikisi de ahsap/demir karma
malzemedendir. Estetik nedenlerle demir pargalarin
cikarilmamasina karar verildi. Ahsabr demir siilfiir
nedeniyle olasi asitlenmeye kargt koruma ihtiyaci
yine de devam etti, mekanik gii¢ gereksinimi ahsabin
dayaniklilik islemine devam etmemize neden oldu. PEG
ve dondurarak kurutma isleminden sonra, emdirilmis
ahgsaba hidrofobik ozellikler kazandirmak amaciyla bir
isimimla iglem yapilan stiren/polyesterle tamamlayici
gliclendirme (Nucléart islemi) uygulandi (Fig. 17)."
Bu islem ahsabi demir siilfiir oksidasyonu olusturmak
ve siilfiirik aside doniistiirmekten sorumlu olasi nemli
iklim kosullarina kargt daha az savunmasiz hale
getirmektedir. Buna ek olarak, s6z konusu iglem 6nemli
oranda mekanik gii¢lendirme saglamaktadir.

17 CHAUMAT vd. 2017, p. 7 et 15.

— & y F
NT=

SPECIAL TREATMENT FOR THE BOW AND THE MAST?

The bow and the mast are both composite wood/iron.
For aesthetic reasons it was decided not to remove the
iron parts. The need of protection of the wood against
possible acidification because of iron sulphide still
present and the need of mechanical strength led us to
continue the wood stabilisation treatment. After PEG
and freeze-drying treatment, a complementary radio-
cured styrene/polyester consolidation (Nucléart
process) was made with the aim of giving hydrophobic
properties to the impregnated wood (Fig. 17)".
This makes it less vulnerable to potentially humid
climate conditions responsible for generating iron
sulphide oxidation and transformation into sulphuric
acid. In addition, this treatment allows a substantial
mechanical reinforcement.

17 CHAUMAT et al. 2017, p. 7 et 15.

Fig. 17: Pruvanin radyo dalgalariyla kiirlenmis stiren/polyester ile saglamlastirilmasi - “Nucléart iglemi”.
(MDAA © Rémi Bénali)
Fig. 17: Radio-cured styrene/polyester consolidation of the bow - “Nucléart process”. (MDAA © Rémi Bénali)
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RESTORASYON KAC SAAT SURD?

Yaklagik 12 kisiden olusan restorasyon ekibi hig
durmaksizin 6000 saat ¢alisarak restorasyonu gerceklestirdi
(Fig. 18). Ahsaplar kurudugunda tizerlerindeki fazla PEG
yumusak fircalar ve az miktarda su ve/veya sicak hava ile
sistematik olarak temizlendi. Suya doymus ahsap olduk¢a
bozunmus durumda oldugundan dondurarak kurutma
sonrasinda kirilgan ve hassas hale gelmisti. Birgok parca
herhangi bir islem yapilmadan &nce akrilik regine (Paraloid
B72, Plextol 500) ile dayanikli hale getirildi. Mavnanin tiim
diiz alt kisimlari, montaj destegi lizerinde dogru pozisyonda
konumlandirmak igin ¢ekerek/iterek kolayca hareket
ettirme olasihigini devam ettirmek amaciyla polietilen
plakalarin {izerine yavasga kaydirildi (Fig. 19). Agirhig
200-350 kg arasinda degisen yari kiitiik yan kaplamalar
oldukea agir ve kirllgandi. Bunlar1 kaldirabilmek i¢in ayarli
mansonlar gerekti; ayrica elde yapilan kollar konulacaklari
yerde bunlar1 desteklemek igin saglam merkezi kemereye
sabitlenmesini sagladi. Bir palanga ve tepe iskelesi ile
birlikte Arles-Rhone 3’lin iizerindeki tekerlekli bir ving
konservatdrlerin mavnanin her yerine ulagabilmesine olanak
sagladi (Fig. 20). Son olarak, metallerin konservasyonundan
sorumlu olan A-CORROS sirketinin c¢aliganlar1 metal
yiizeyleri tanen asidi ile pasiflestirdikten sonra koruyucu
akrilik re¢ine ve mikrokristalin mum uyguladu.

TINA

RESTORATION HOW MANY HOURS?

A team of up to twelve conservators committed to
undertake restoration in 6 000 hours of non-stop work
(Fig. 18). Once dry, the wood was systematically
cleaned of excess PEG with soft brushes, small amounts
of water and/or hot air. As the waterlogged wood was
highly degraded, it became fragile and brittle after
freeze-drying. Many parts were consolidated with
acrylic resins (Paraloid B72, Plextol 500) prior to any
handling. All of the flat bottom parts of the barge were
gently slid onto polyethylene plates maintaining the
possibility of easily moving them by hauling/pushing
them into the correct position on the mounting support
(Fig. 19). The half-log sideplanks ranging from 200
to 350 kg were quite heavy and fragile. They required
adapted collars for lifting them and also, hand-made
arms secured to the solid central beam for supporting
them in their final position. A rolling crane above
Arles-Rhone 3 with a chain hoist and overhead catwalk
allowed conservators to reach any part of the barge (Fig.
20). Finally, conservators from A-CORROS’s company,
in charge of metal conservation, passivated the metal
surfaces with tannic acid and then applied protective
acrylic resin and microcrystalline wax.

Fig. 18: Mavnanin restorasyonu ve saglamlastiriimasi. (MDAA © Rémi Bénali)
Fig. 18: Reconstruction of the barge Restoration and consolidation of the wood. (MDAA © Rémi Bénali)
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Fig. 19: Mavnanin hassas karina pargalar1 polietilen plakalar ¢ekilerek tagimuistir. (© ARC-Nucléart)
Fig. 19: Handling fragile flat bottom parts of the barge is done by pulling polyethylene plates. (© ARC-Nucléart)

Fig. 20: Yarim govde yan kaplamalarmin agirhiklar: 200 ile 350 kg arasinda degismektedir. Dogru sekilde
yonlendirilmeleri tekerlekli ving ve makarali zincirlerle miimkiin olmustur. (MDAA © Rémi Bénali)

Fig. 20: Half-log side-planks weight ranges from 200 to 350 kg. Precise manipulation is obtained with rolling crane and
chain hoists. (MDAA © Rémi Bénali)
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MONTAJ SEKIZ TONLUK BIR AHSAP NE SEKILDE
DESTEKLENEBILIRDI?

On bolmeye ayrilan temel yapi, Pierre Poveda’nin
(CCJ/CNRS) yaptig1 ti¢ boyutlu batik kayitlarma uygun
bir sekilde iiretilen yatay metal plakalar destekleyen
yekpare bir merkezi c¢elik kemereden olusmaktadir
(Fig. 11, 21). Tabani diiz gévde dogrudan bunun iizerine
yerlestirilmistir. Yarim govdeli yan kaplamalar, ¢cekme
diregi, diimen kiiregi ve diger bircok parcada 6zel olarak
yapilmis demir destekler bulunmaktadir. Arkeolojik
ahsaplarla boyali celik destek elemanlar1 arasma
sistematik bir sekilde kopiik yerlestirilmistir. Montaj
destegi vasifli metal isgileri tarafindan yapilmstir. Proje
alisageldikleri endiistriyel kaynak islerinden oldukca
farkli olmasma ragmen, isciler kisa siirede projenin
biitiiniine dahil oldular ve siirekli olarak gerek duyulan
bircok degisiklik ve uyarlamalar sirasinda Onemli
katkida bulundular.

ARLES-RHONE 3 NASIL SERGILENMELIYDI?

Arles Miizesi Antik Eserler Bolimil kiiratorleri
mavnanin batmadan hemen 6nce limanda demirlemis,
giiverte ekipmani ve tagidig1 tag kargosuyla birlikte neye
benzediginin betimlendigi temsili bir resmi ziyaretgilere
sunmak istedi. Bu da batigin sadece arkeologlar
tarafindan bulundugu sekliyle sunulmasi degil, ayni
zamanda eksik parcalarin yeniden insa edilmesi, gekme
direginin dikey konumuna getirilmesi, diimen kiireginin
kigtaki yerine yerlestirilmesi, govdenin seklindeki
baz1 bozukluklarin diizeltilmesi ve bosaltilmaya hazir
durumdaki tas kargonun bir bolimiiniin sergilemesi
anlamina geliyordu!

2005 yilinin kisinda, Rhone Nehri’nin tagmastyla Arles-
Rhone 3’iin kismen kazilmig durumdaki ki¢ boliimiiniin
iskele yam1 hasar gordii. Bu nedenle restorasyon
isiyle baglantili olarak geleneksel aletler kullanan
bir marangoz, giniimiiz mese ve koknar agaglarini
kullanarak eksik parcalar1 yeniden insa etti (Fig. 22).
Heniiz yas olan ahsap arkeolojik ahsaplarin kalantyla
uyum saglamasi amaciyla bir miktar boyandi. Bu yeni
parcalarin hepsi 6zgilin simetrik parcalardan elde edilen
belgelenmis bilgilere uygun olarak yapildi.
Arles-Rhone 3, sualtinda yanlamasina bir egimli yilizey
iizerinde yatarken birtakim deformasyonlar olugmustu.
Agir tag ytikii bir aciklig1 zorlayarak sancak tarafindaki
yarim govde kaplamalariin {izerine yiiklenmisti.
Gemi inga tekniklerine yonelik caligmalarindan sonra
arkeologlar orijinal sekil olarak diigiindiikleri formu
cizmeyi bagarabildiler. Bu nedenle yarim goévde
kaplamalarini tasiyan metal kollar bu bilgiye dayanarak
yapild.

Cekme diregi tas yiikiin altinda iyi korunmus durumda
bulundu. On pargaya ayrilmis olmasma ragmen, 3.70
metre uzunlugunda bir kereste olusturuyordu. Miizede
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MOUNTING. HOW TO SUPPORT EIGHT TONS OF WOOD?

Divided into ten sections, the basic frame is composed
of a massive central steel beam supporting horizontal
metallic plates created according to 3D records of the
shipwreck carried out by Pierre Poveda (CCJ/CNRS)
(Fig. 11, 21). The flat bottom hull was placed directly
on it. Half-log sideplanks, the towing mast, steering oar
and many other parts have custom-made iron supports.
Neutral foam was systematically placed between the
archaeological wood and the painted iron support.
Skilled metal workers made the mounting support.
Despite the project being quite different from the
industrial welding jobs they were used to do, in short
time they were deeply involved in the entire project and
made important contributions during the many changes
and adaptations that were constantly required.

HOW TO DISPLAY ARLES-RHONE 3?

The curators of the Musée Départemental Arles Antique
wanted to offer visitors an illustration of how the barge
looked just before sinking, docked in port with its on-
board equipment and its cargo of stones. This implied not
simply representing the shipwreck as it was discovered
by archaeologists, but also reconstructing missing parts,
erecting the towing mast in its vertical position, putting
the steering oar in place at the stern, correcting some
distortions in the shape of the hull, and displaying a
portion of the stone cargo ready to be unloaded!

In the winter of 2005, the flooding of the Rhéne damaged
the partially excavated stern of Arles-Rhone 3, on the
port side. Thus in conjunction with the restoration work,
a carpenter using traditional tools reconstructed missing
parts with modern oak and fir (Fig. 22). The fresh wood
was lightly tinted to match the rest of the archaeological
wood. All of these new elements were made according
to certified information provided by the authentic
symmetrical parts.

While Arles-Rhone 3 lay underwater on a lateral
incline some distortion occurred. The heavy stone
cargo weighed on the starboard half-log sideplanks
forcing an opening. After nautical architectural studies,
archaeologists were able to draw what they presume to
be the original shape. The metal arms supporting half-
log sideplanks were therefore based on this information.
The towing mast was discovered well protected
underneath the stone cargo. Although broken into ten
pieces, it formed a 3.70-metre timber. To make its
vertical presentation in the museum possible, and in
addition to the mechanical strength gained from the
polyester consolidation, a hole was driven into all of the
fragments following the axis, in order to insert a 18mm
stainless steel pole.

19



Fig. 21: Temel egri yatay metalik plakalar1 destekleyen merkezi bir ¢elik kemereden olugmaktadir. Diger desteklerin her
biri 6zel yapimdir. (© ARC-Nucléart)

Fig. 21: The basic frame is made of a central steel beam supporting horizontal metallic plates. Every other supports are
custom-made. (© ARC-Nucléart)

Fig. 22: Giliniimiiz agaglarindan eksik pargalarin oyulmasi. (© ARC-Nucléart)
Fig. 22: Carving of modern wood of missing parts. (O ARC-Nucléart)
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dikey durumda sergilenmesini saglamak amaciyla
ve polyesterle giiclendirmeden elde edilen mekanik
saglamliga ek olarak 18 mm’lik paslanmaz gelikten bir
direk yerlestirebilmek i¢in parcalarin hepsine eksenleri
yoniinde birer delik acildi. Bu direk ayni zamanda ana
yelkendiregiiskacasindanvemerkezbordakaplamasindan
da gegirilerek alttaki celik direge sabitlendi. Cekme
direginin alt boliimlerindeki asir1 yiiklenmeye engel
olmak i¢in, tiim parcalar1 gizli plakalarla ayr1 ayr
desteklenmistir. Diregin tam anlamiyla dikey durmasin
saglamak i¢cin 1 mm c¢apinda paslanmaz ¢elik kablolar
kullanmak gerekti, bunlarla diregin tepesi gerdiriciler
kullanilarak yatay bir sekilde duvara sabitlendi.
Diimenkiiregi 7.60 metre uzunlugunda bir mese pargasidir.
Iki pargaya boliinmiis durumda ve 120 kg agirliginda olan
kiiregin calisir durumda kiga yerlestirilmesi amaglandi.
Denge noktasinin ve dogru agmin belirlenmesinden
sonra, tek destek noktasindan montaji yapilda.

Otuz tonluk yiikiin yerine koyulmasi agik¢a imkansizken,
Arles-Rhone 3’1 is basindayken sergilemek igin bir
¢coziim bulunmasi gerekliydi. Batigin yiikiinii olusturan
farkli 6zgiin taslardan regine kullanarak birtakim hafif
imitasyonlar imal edildi ve restorasyon uygulanan
mavnanin kargo boliimiine konuldu.

ARLES'A NASIL GERI GOTURULECEKTI?

Grenoble’da yapilan restorasyon ve montaj isi, her sey
batigin hem Arles’a taginmasi hem de miizenin iki metre
genisligindeki kapisindan gegebilmesi icin tamamen
sokiilebilir sekilde tasarlandi. Kuru ahsabin tesliminde 16
aya yayilan dondurarak kurutma dongiileriyle telafi edilen
kayma, tekneyi iki agamada restore etme, monte etme ve
teslim etmemize olanak sagladi.

2013: MUZEYE DONOS

Mavnanin Grenoble’daki konservasyonuna paralel olarak
miize 2012 yilinda genisletilmis, mavna ve Roma Limani
Arles ile iligkili objelerin miizeografisine ev sahipligi
yapmasi 2013 yilinda gerceklesmistir.

Grenoble atolyesinde batigin ki tarafini  yeniden
birlestirdikten sonra, mavnanin bu yarist Haziran 2013
yilinda Arles miizesine yerlestirildi. Ayni islem, Eylil
2013’te miizeye yerlestirilen mavnanin 6n kismi igin de
yapildi (Fig. 23). Son olarak, bu biiyiik bulmacanin son
parcasi olan diimen kiiregi, arkeoloji miizesinin yeni
kanadimin 4 Ekim 2013 tarihinde acilisindan bir giin dnce
yerine yerlestirildi. Mavna, su anda yiikiintin bir boliimdi,
i¢c dogemesi ve yelken ekipmaniyla seyir halindeymis gibi
sergilenmektedir (Fig. 24).

Roma Imparatorlugunun Arles Limani, bugiin oldugu gibi,
bir deniz-nehir limani oldugu i¢in mavnanin g¢evresinde
sergilenen 480 eser aslinda Rhone Nehri’nden ama ayni
zamanda denizden (Rhone Nehri’nin agzindan) ve karadan
cikarilmigtir. Bu eserler arasindaki ortak nokta denizcilik
mirasinin yani sira Roma donemindeki Arles limanidir.

This pole was also driven through the mast step and the
central strake and secured to the steel beam underneath.
To avoid excess weight on the lowest parts of the towing
mast, all the fragments were individually supported
by hidden plates. To keep the mast perfectly vertical, it
was necessary to use three stainless steel cables, Imm in
diameter, and maintained horizontally by tensors to secure
the top of the mast to the walls.

The steering oar is a 7.60-metre piece of oak. Broken into
two pieces and weighting 120 kg, the goal was to place it
in a working position at the stern. After determination of
the balanced point and the correct angle, a single support
point mounting was made.

Although putting the 30-ton stone cargo back in place was
clearly impossible, a solution had to be found for displaying
Arles-Rhone 3 at work. Some lightweight moulds were
made in resin from different authentic cargo stones and put
in place in the cargo area of the restored barge.

HOW TO TRANSPORT BACK TO ARLES?

Restoration and mounting work in Grenoble was
conceived so that everything was fully dismountable both
for transport to Arles, and to pass through the two-metre
wide door at the museum. The offset in the delivery of
dry wood justified by freeze-drying cycles which did
spread over 16 months, conducted us to restore, mount
and deliver the boat in two stages.

2013: BACK TO THE MUSEUM

In parallel of the conservation of the barge in Grenoble,
the museum was extended in 2012 and the museography
to host the barge and the objects in relation with the
Roman port of Arles took place in 2013.

After having reassembled the aft part of the shipwreck
in the Grenoble workshop, this half section of the barge
was installed in the Arles museum in June 2013. The
same operation was done for the fore part of the barge
who was then installed in the museum in September
2013 (Fig. 23). Finally, the last piece of this great
puzzle, the steering oar, was put in place the day before
the inauguration of the new wing of the archaeological
Museum on the 4 of October 2013. The barge is now
exhibited as if navigating, with a part of its load, its
internal furnishing and sailing gear (Fig. 24).

Since the Roman harbour of Arles was a sea-river port
— as it is today — the 480 objects presented around the
barge are mainly coming from the Rhone River but also
from the sea (in the mouth of the Rhéne River) and from
the land. The common point between these objects are the
nautical heritage and the harbour of Arles in Roman times.
Therefore, they are organized in three sections: shipping
(with pulleys, anchors...), trading (amphorae, ceramic and
glass tableware essentially) and activities of the harbour
(weights, customs seals, tools...).
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Fig. 23: AR3’ilin miizede rekonstriiksiyonu ve restorasyonu. (MDAA © Rémi Bénali)
Fig. 23: Reconstruction and restoration of AR3 in the museum. (MDAA © Rémi Bénali)

Fig. 24: Roma sehri Arles’in deniz-irmak limanina ayrilan Arkeoloji Miizesinin
yeni kanadindaki AR3 mavnasi. (MDAA © Rémi Bénali)

Fig. 24: The AR3 barge in the new wing of the Archaeological Museum dedicated
to the sea-river port of the Roman city of Arles. (MDAA © Rémi Bénali)




Bu nedenle buluntular denizcilik (makaralariyla,
capalartyla, vb), ticaret (basta amforalar, canak ¢omlek
ve cam sofra takimlari) ve liman faaliyetleri (agirlik
Olctim aletleri, giimriik miihiirleri, diger aletler...) olmak
iizere li¢ boliimde diizenlenmistir.

GUNUMUZDEK] YENI GUCLUK: MAVNAYI KORUYABILMEK
ICIN UZUN SURELI GOZETIM

Roma mavnasinin uzun siireli konservasyonundan
sorumlu olan kidemli miize konservatorii Marie-Laure
Courboules, kontrol edilmesi gerektiginin farkinda
olarak, Daniela Peloso (Ipso Facto) ve Vincent Dumas’in
(CCJ / CNRS) yardimiyla bir izleme protokolii
gelistirmeye bagladi'® (Fig. 25).

Devam etmekte olan bu iddiali proje batikla baglantili
tlim dokiimantasyonun bir araya getirildigi genel bir
veri tabaninin olusturulmasia dayalidir. Proje, mobil
ortam destekli agik kaynakli bir uygulama sayesinde
arkeolojik verilere, konservasyon verilerine, diizenli
durum raporlarina, ortam hava durumu raporlarina, miize
cevresi hava durumu verilerine ve cografi bilgi sistemi
(GIS) ve fotogrametrinin bir arada kullanilmasiyla elde
edilen ii¢ boyutlu mavna modelinden olusan biiyiik
miktarda bilgiye erisim saglayan bir ara¢ anlamina
gelmektedir.

18 BERNARD-MAUGIRON — COURBOULES 2016.
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THE NEW CHALLENGE TODAY: LONG TERM MONITORING TO
PRESERVE THE BARGE

In charge of the long-term conservation of the Roman
barge, Marie-Laure Courboulés, senior conservator in
the museum, aware of the need of controlling it, started
developing a monitoring protocol’® relying on the
assistance of Daniela Peloso (Ipso Facto) and Vincent
Dumas (CCJ/CNRS) (Fig. 25).

The on-going ambitious project, is based on the
development of a common data base gathering all the
documentation connected to the boat. Which means
a tool, thanks to an open-source application on a
portable support, providing access to a huge quantity of
information such as archaeological data, conservation
data, periodic condition reports, climatic data, museum
environment, climatic data, and 3D model of the barge
resulting from the combination of a Geographical
Information System (GIS) and photogrammetry.
Contacts and exchange of information with the Vasa
museum have been organized with the aim to improve
monitoring shipwrecks. A European research program is
currently contributing to the testing and development of
sensors tested on AR3’s environment.

18 BERNARD-MAUGIRON — COURBOULES 2016.

Fig. 25: Marie-Laure Courboulées ve Daniela Peloso yeni bir veri tabani araciyla AR3’i izlerken. (© ARC-Nucléart)
Fig. 25: Marie-Laure Courboulés and Daniela Peloso monitoring AR3 with a new data base tool. (© ARC-Nucléart)
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Batigin izlenme yontemlerini gelistirmek amaciyla Vasa
Denizcilik Miizesi ile temas kurularak bilgi aligveriginde
bulunulmustur. Bir Avrupa arastirma programi halen
AR3’iin bulundugu ortamdaki sensorlerin test edilmesi
ve gelistirilmesi konusunda katki saglamaktadir.

SONUC

Olaganiistii derecede basarili bir ekip ve projenin her
asamasinda uzmanlar arasindaki iletisim sayesinde
(ayrica 2011 yilindaki kazi ve mavnanin ¢ikarilmasi
sirasinda beklenmedik iklimsel ve hidrolojik kosullarda
sansimizin yaver gitmesi sayesinde), 31 m’lik bir
Gallo-Romen teknesini ¢ikarma, konservasyonunu
gergeklestirme ve sergileme giicliigiiniin iistesinden
gelerek son teslim tarihine yetistirdik.

Bununla birlikte, bu biiyiik arkeolojik ve miizeografik
zorlugu bu kadar kisa bir gecikmeyle kabul
etmeden Once, miizenin projenin yani sira projeyi
gergeklestirecek finansal, teknik ve insan kaynaklarini
kapsamli sekilde incelemesi gerekiyordu. Uygulanan
politikalarin 6nemini de vurgulamak gerekiyor: uzun
vadeli bir vizyon ve saglanan tiim kaynaklarin yani
sira sergilenen kararlilik, bdylesine inanilmaz bir
zorlukla yiizlesmemize ve hedeflerimize ulasmamiza
olanak sagladi.

Tiim bu diizenlemeler sayesinde Arles-Rhone 3 mavnasi,
giinlimiizde konservasyonu yapilan ve sergilenen en iyi
korunmus durumdaki Gallo-Romen mavnalardan biridir.
Gelecek nesiller igin koruma yiikiimliligi tasidigimiz
bu “Milli Hazineyi takdir etmek igin giiniimiizde
miizeye genis bir ziyaretgi kitlesi gelmektedir.”

2019 yilinda Sualti Kiiltiir Mirasinin Korunmasina
iligkin 2001 Unesco Sozlesmesi, Sualti Kiiltiir Mirasinin
En lyi Uygulamalar1 alaninda “Nehirden miizeye Arles-
Rhéne 3” projesini segmistir.
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makaleyi dikkatlice gozden gecirdigi i¢in arkadasim
Anne Lesme’ye ¢ok tesekkiirler.

19 Mavnanin kesfinden sergilenmesine kadar tiim arkeolojik, konser-
vasyon ve mimari ¢alismalariyla birlikte AR3 projesiyle ilgili genel
bilgi edinmek igin bkz. MARLIER (ed.) 2017.
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CONCLUSION

Thanks to a great and exceptional team and the
interconnection between people at each step of the
project (and also thanks to good luck with incredible
climatic and hydrologic conditions during the excavation
and raising of the barge in 2011), the challenge to rise,
conserve and present a 31 m Gallo-Roman barge was
won, the deadline was met.

However, before accepting this huge archaeological
and museographic challenge in such a short delay,
the museum had to have a comprehensive overview
of the project, as well as the financial, technical and
human resources to embrace it. It is also important
to underline the importance of politics: a strong
decision, along with a long-term vision and all the
resources given, allowed us to face such an incredible
challenge and reach our goals.

Thanks to all these settings, the Arles-Rhone 3 barge
is today one of the most well preserved Gallo-Roman
barge conserved and presented to the public. And it is
a wide audience that comes today in the museum to
admire this “National Treasure” that we have now an
obligation to preserve for future generations'”.

In 2019, the 2001 Unesco Convention on the Protection
of the Underwater Cultural Heritage selected the Arles-
Rhone 3 project, from the river to the museum, for Best
Practices of Underwater Cultural Heritage.
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OZET

Hollanda bandirali ve East Indiaman ticari denizcilik sir-
ketine ait Batavia isimli gemi ilk seferini yaptig1 sirada
Bat1 Avustralya kiyilarinin 50 km agiginda, Perth sehri-
nin yaklasik 400 km kuzeyindeki kayaliklara ¢arparak
batmist1 (1629). Batik, kesfedildigi 1963 yilinin ardin-
dan 1970’lerin ortalarinda Bat1 Avustralya Miizesi’'nden
bir ekip tarafindan gerceklestirilen kaziya kadar hi¢ bo-
zulmadan oldugu yerde kalmigtir. Batikta saptanan bin-
lerce buluntu ve parcalanan gemi ahsaplarinin kalintilari
cikarilarak Fremantle’da bulunan miizenin konservas-
yon laboratuarlarinda igleme tabi tutulmustur.

Batavia batiginin ahsaplar1 polietilen glikol (PEG) uy-
gulamalarinin heniiz emekleme doneminde oldugu bir
zamanda islemden gecirilmistir. Enkaza doniisme siire-
cinin bir parcasi olarak Batavia batigimim govdesi harap
oldugundan ahsaplar giderek artan PEG 1500 konsant-
rasyonlaria daldirma yontemiyle teker teker islemden
gecirilmis, ardindan yavas yavas kurutularak nemi gide-
rilmistir. Uygulama sonrasinda Batavia batiginin ki¢ bo-
limiiyle iskele yaninin alt kism1 yeniden inga edilmistir.
Ahsaplarin her biri alttaki celik konstriiksiyona orijinal
civata delikleri kullanilarak tutturulmustur. PEG ile is-
lem goren, emdirilmis ahsaplarda yaygin olarak goriilen
siilfiir ve demir siilfiir gibi asitlerden dolay1 bozulma ne-
deniyle iyilestirici konservasyon islemi i¢in ahsaplarin
yeniden birer birer sokiilmesi gerektiginden, bu diizenle-
menin oldukca faydali oldugu goériilmiistiir.

Bu makalede Batavia batigimin ahsaplarinda bulunan
degisik demir bilesiklerinin icerigi ve miktariyla ilgi-
li analitik arastirmalarin sonuglari, ahgabin yapisindaki
bozulmanin kapsami, asitten arindirma ve saglamlastir-
ma ¢alismalarmin etkililigini de igerecek sekilde Batavia
batig1 konservasyonu her agidan ele alinmaktadir.

ABSTRACT

The Batavia, a Dutch East Indiaman, was wrecked
on its maiden voyage (1629) when it struck a reef
approximately 400 kilometres north of Perth, 50
kilometres off the Western Australian coast. The
wreck lay undisturbed until its discovery in 1963
and its subsequent excavation by staff of the Western
Australian Museum in the early 1970s. Thousands
of artefacts and the remains of the collapsed ship’s
timbers were excavated and treated in the Museum’s
conservation laboratories based in Fremantle.

The Batavia timbers were treated at a time when
polyethylene glycol (PEG) treatments were still
in their infancy. As the Batavia hull collapsed as
part of the wrecking process, the timbers were
treated individually by immersion in progressively
increasing concentrations of PEG 1500 and
then dried by slow dehumidification. Following
treatment, the stern and lower port side of the
Batavia was reconstructed. Each timber was fitted to
an underlying steel framework, attached to the frame
through original bolt holes. This arrangement proved
to be highly beneficial when individual timbers had
to be removed for remedial conservation treatment
due to acid deterioration common to sulphur and iron
sulphide impregnated, PEG treated timbers.

This paper reviews all aspects of the conservation of
the Batavia timbers, including the results of analytical
investigations related to the nature and quantities of
the various iron compounds in the Batavia timbers,
the extent of deterioration of the wood matrix and
the effectiveness and impacts of deacidification and
consolidation regimes.
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GIRIS

Hollanda bandirali ve East Indiaman denizcilik sirketi-
ne ait Batavia isimli gemi 1629 yilinda Perth sehrinin
yaklagik 400 km kuzeyinde, Bati1 Avustralya kiyilari-
nin 50 km agigindaki Houtman Abrolhos Adalari’nda
bulunan Morning Reef kayaliklarina ¢arparak batmistt
(Fig.1-2). S1g, sub-tropik sularda bulunan (~ 5 m) batik,
sert dalgalara maruz kalirken hem fiziksel hem de biyo-
lojik bozunmaya ugramustir (Fig. 3). Batik, 1963 yilinda
kesfedilerek 1970’lerin baslarinda birkag yil sistematik
bir sekilde kazilmigtir. Batiktan geriye ahsaplarin kigin
bir boliimiiyle birlikte iskele yanimnin alt boliimiinden
olusan sadece onda biri kalmistir. Bu ahsaplar (agirlikli
olarak Avrupa mesesi) gemi battiktan sonra deniz ¢okel-
tileri ve katilagsmis maddelerle kaplanan tas bloklardan,
dokme demir top ve diger demir alagimli buluntulardan
olusan bir kitlenin altinda gomiilii kaldigindan fiziksel
ve biyolojik bozunmadan korunmustur (Fig. 4).!
Baglangicta demir buluntularin igerisinde korozyonla
olusan ¢oziiniir demir (1) kloriirler ahsaplarin igine nii-
fuz etmistir. Ancak, depozitler ve kumun altinda gomiilii
kalmak da (Fig. 5) anaerobik bir ortamin olugmasi ve
yiiksek konsantrasyonlarda siilfit iyonu olusturan siilfat
indirgeyen bakterilerin ¢cogalmasi igin uygun bir ortam
yaratmistir. Daha sonra demir korozyon iirlinleri bu siilfit
iyonlariyla reaksiyona girerek ahsabin yapisindaki pirit
(FeS,) gibi 6nemli miktarlarda demir siilfiti gokeltmistir.
Yapilan islem sonrasinda sergileme salonlarinda uzun
stire yiiksek bagil neme maruz kalan ahsaplarin bozun-
masinda bu indirgenen siilfiir tiirleri ve demir siilfitlerin
rolii bityiik olmustur.

1 MACLEOD 1990, 1-8.
2 RICHARDS 2016, 39.
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INTRODUCTION

The Dutch East Indiaman, Batavia, was wrecked
in 1629 on Morning Reef in the Houtman Abrolhos
Islands, approximately 400 km north of Perth and 50 km
off the Western Australian coast (fig. 1-2). The wreck
lies in shallow, sub-tropical water (~ 5 m) subjected to
heavy surf which promotes both physical and biological
degradation (fig. 3). The wreck was discovered in 1963
and systematically excavated over a number of years in
the early 1970s. Only one tenth of the structural timbers
remained; a small section of the stern and lower port side.
These timbers (mainly European oak) were protected
from physical and biological degradation by burial
under a mass of stone blocks, cast iron cannon and other
assorted iron alloy artefacts, which were subsequently
covered by marine sediment and concretion (fig. 4).!
Initially, soluble iron (II) chlorides, formed through
corrosion of the iron objects, diffused into the timbers.
However, the encapsulation under concretion and sand
(fig. 5) also encouraged the formation of an anaerobic
environment and the proliferation of sulphate reducing
bacteria which produced high concentrations of sulphide
ions. Subsequently, the iron corrosion products reacted
with these sulphide ions and precipitated significant
quantities of iron sulphides, such as pyrite (FeS,),
within the wood matrix. These reduced sulphur species
and iron sulphides contributed significantly to the post-
treatment deterioration of the timbers when subjected to
periods of high relative humidity in the display gallery.?

1 MACLEOD 1990, 1-8.
2 RICHARDS 2016, 39.

Moming Reef

Fig. 2: Beacon Adasi ve Morning Kayaliklarinin hava
fotografi.
Fig. 2: Aerial image of Beacon Island and Morning Reef.

Fig. 1: Batavia batiginin buluntu alanin1 gésteren uydu
haritas1 (Google Earth 21 Aralik 2020).

Fig. 1: Satellite map of the Batavia wreck site (Google
Earth 21 December 2020).
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Fig. 3: Batavia batiginin buluntu alanini1 doven dalgalar.
Fig. 3: Waves breaking on the Batavia wreck site.

KONSERVASYON VE REKONSTRUKSIYON

Batavia batigimim govde kalintilar1 kazilarak (Fig. 6)
sistematik bir sekilde sokiilmiis ve bilyiik boyutlardaki
ahsaplarin bazilari ¢gikarilmadan 6nce daha kiigiik uzun-
luklarda (~5 m) kesilmistir (Fig. 7); bu sekilde siklikla
tehlike olusturan deniz kosullarinda bunlarla basa ¢ik-
mak daha kolay hale gelmistir. Ancak biiyiik aynalik
ve kig aynasi kirisleri, rekonstriiksiyon siirecindeki ana
ahsap pargalar1 oldugundan ayr ayr ¢ikarilmistir (Fig.
8). Cikarilan ahsaplar 1slak halde tutulmus, adadaki ko-
ral tabana kazilan deniz suyuyla doldurulmus ¢ukurlarin
icine gegici olarak mugambalarla sarili olarak yerlesti-
rilmeden Once lizerlerindeki katilagsmis kalker olusum-
larmin bir kismi temizlenmistir. Her kazi sezonunun
sonunda ahsaplar Panacide (2,2’-dihidroksi-5,5’-diklo-
rodifenil metan) isimli bir fungisit igeren deniz suyuy-
la 1slatilmig kaba kendir bezine sarilarak biiyiik plastik
torbalara yerlestirilmis, torba agizlar1 sizdirmayacak
sekilde kapatilmis ve Fremantle’daki konservasyon la-
boratuvarlarina tagmmuistir.

Ardindan ahsaplar musluk suyu (140-240 ppm kloriir)
ile doldurulmus biiyiikk depolama havuzlarina aktarila-
rak yaklasik iki yil siireyle tuzdan arindirma islemine
birakilmistir. Uzerlerinde olusmus depozit ve kalkerleri
uzaklagtirmak i¢in ahsaplardan bazilari1 hidroklorik asit
buharinda (%37) islem gormiis, ancak yiizeylerinin agirt
derecede bozulmasima neden oldugundan bu uygulama-
ya devam edilmemistir. Kalint1 kalker, kloriirin arin-
dirilmast ve sonrasinda ahgabin konsolidantlarla emp-
renye edilmesini kolaylastirmak i¢in 1skarpela, ¢ekic ve
yiiksek basingli su spreyi kombinasyonu kullanilarak
mekanik olarak uzaklastirilmistir. Ahsaplar tuzdan arin-
dirilirken suya doymus ahsaplarda uygulanacak olan
optimal uygulama programinin belirlenmesi i¢in kap-
samli deneyler ytiriitilmistir.?

3 MACLEOD 1990, 1-8.
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Fig. 4: Kaz1 6ncesinde Batavia batigiin buluntu alani.
Fig. 4: Batavia site prior to excavation.

CONSERVATION AND RECONSTRUCTION

The Batavia hull remains were excavated (fig. 6)
and systematically dismantled, with some of the
larger timbers cut into smaller lengths (~5 m) prior
to recovery (fig. 7) so they could be more easily
handled in the often dangerous sea conditions. The
large fashion piece and the transom beams however,
were raised as individual timbers as they were key
pieces in the reconstruction (fig. 8). The recovered
timbers were kept wet and partially cleaned of
gross concretions prior to being temporarily stored
in plastic lined, seawater-filled, shallow holes dug
into the coralline ground on the island. At the end of
each fieldwork season the timbers were wrapped in
hessian soaked with seawater containing a fungicide,
Panacide (2,2’-dihydroxy-5,5’-dichlorodiphenyl
methane), sealed in large plastic bags and transported
to the conservation laboratories in Fremantle.

The timbers were then transferred to large storage tanks
filled with tap water (140-240 ppm chloride) and allowed
to desalinate for approximately two years. Some timbers
were exposed to fuming concentrated hydrochloric
acid (37%) to assist with concretion removal but as
this practice caused increased surface deterioration
it was discontinued. Residual concretions were
removed mechanically using a combination of bolsters,
geopicks and high-pressure water spray to facilitate
chloride removal and subsequent impregnation with
consolidants. While the timbers were being desalinated,
extensive experiments were conducted to determine the
optimum treatment regime for the waterlogged timbers.”

3 MACLEOD 1990, 1-8.



Maksimum su icerigi analizleri, ahsaplarin dig yiizeylerin-
de (0-3 cm) su igeriginin ortalama %170-250 oldugunu,
icinde ise hizla %40-50’ye diistiigiinii ortaya koymustur.
Deneylerin sonuglarina goére, Batavia ahsaplari i¢in en uy-
gun uygulama programinin polietilen glikol (PEG) 1500
¢ozeltisi konsantrasyonlarini artirarak emdirme oldugu be-
lirlenmistir.*

Ahsaplar, yalitilmig, amaca yonelik olarak insa edilmis dii-
stik karbonlu ¢elik tanklar i¢ginde ahsap bir tezgah iizerine
yerlestirilmis ve 1sitilmig (60 °C) PEG 1500 ¢ozeltilerine
tamamen daldirilarak emprenye edilmistir (Fig. 9). Bu si-
caklik derecesinin se¢ilmesinin nedeni termal ve osmotik
sok arasinda en uygun uzlagmayi saglamasi ve biyolojik
faaliyeti azaltirken PEG’in igeriye dogru yayilma oranini
artirma olanagi saglamasidir. Cozeltiler ayda bir nitrojenle
temizlenerek karistirilmistir,. PEG’in ¢6zeltilerde baglan-
gigta %5-10 (w/v) olan yiizdesi osmotik soku dnlemek
amaciyla konsantrasyon artiglari arasinda ortalama iki ila
dort aylik bir denge siiresi ile iki ila ii¢ y1l arasinda bir siire
icerisinde yavas yavas %90’a yiikseltilmistir (w/v). PEG
konsantrasyonu, bilinen bir emdirme ¢dzeltisi hacmi kuru-
tularak periyodik bir sekilde belirlenmistir.®

4 PANG 1981, 1-13.
5 PANG 1981, 1-13.

TINA

Maximum water content analyses indicated that on
average, the water content was 170-250 % in the outer
surfaces (0-3 cm), decreasing rapidly to 40-50 % in
the inner regions of the timbers. Based on the results
of the experiments it was determined that the most
appropriate treatment regime for the Batavia timbers
was impregnation using increasing concentrations of
polyethylene glycol (PEG) 1500 solutions.*

The timbers were placed on a timber frame within
insulated, purpose-built mild steel tanks and
impregnated by total immersion in heated (60 °C) PEG
1500 solutions (fig. 9). This temperature was chosen as
the optimum compromise between thermal and osmotic
shock and as a means of increasing the inward diffusion
rate of PEG while minimising biological activity. The
solutions were stirred monthly by purging with nitrogen.
The percentage of PEG in the solutions, initially 5-10
% (w/v), was slowly raised to 90 % (w/v) over a two
to three year period, with an average equilibrium time
of two to four months between concentration increases
to avoid osmotic shock. The PEG concentration was
periodically determined by drying a known volume of
the impregnation solution.’

4 PANG 1981, 1-13.
5 PANG 1981, 1-13.

Fig. 6: Buluntu alaninda teshir edilen ve etiketlenen kazisi
yapilmis ahsaplar.
Fig. 6: Excavated timbers exposed and labelled on-site.

Fig. 5: Batavia ahsaplarini kaplayan kum.
Fig. 5: Sand covering the Batavia timbers.

Fig. 7: Pnomatik zincirli testere ile daha kiiciik parcalara
boliinen biiyiik ahsaplar.

Fig. 7: Large timbers being cut into smaller sections with a
pneumatic chain-saw.

Fig. 8: Batavia batiginin aynaliginin ¢ikarilmasi.
Fig. 8: Recovery of the Batavia fashion piece.
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[k emprenye islemi sirasinda her alt1 ayda bir rastgele ahsap-
larin i¢inden karot alinarak 2 cm’de bir igeriklerindeki su ve
PEG analiz edilmistir. Alt 6rneklerden PEG ve su, aseton ile
¢ikarllmig, aliman karot &rneklerindeki konsantrasyon kizi-
16tesi spektrofotometriyle 1105 cm™ emilim bandi (simetrik
eter C-O-C bag esnetme) kullanarak analiz edilmistir. Daha
sonra PEG konsantrasyonu, PEG’in ¢ozelti ig¢indeki suya
agirlik orani higbir zaman ahgaptakinden %20’den fazla ol-
mayacak sekilde artirilmistir. Bununla birlikte, bu sonuglar
aym zamanda PEG molekiillerinin depolimerizasyonunun
hem ahsapta hem de ¢ozeltilerde meydana geldigini de gos-
termistir.®

Emdirme isleminin sonunda ahsaplar ¢ozeltiyi yavas yavas
soguttuktan sonra PEG 1500 c¢ozeltilerinden cikarilmistir
(Fig. 10). Ahsaplar dondurarak kurutma i¢in ¢ok biiyiik par-
cali oldugundan baglangi¢ 1sisinin (T) ve bagil nemin (RH)
sirastyla 5£3°C ve 90+£%5 oldugu nem alma odacigina yer-
lestirilmistir.”

Onceki deneyler nem alicidaki daha diisiik bir baglangig 1s1-
sinin ¢ok az seviyede catlamaya ve ¢ekmeye neden oldugu-
nu gostermistir. Daha diisiik sicaklik ayn1 zamanda ahsabin
icerisindeki PEG’1 hareketsiz hale getirerek PEG’in kurutma
sirasinda disartya sizma olasiligini minimuma indirgemistir.
Ancak, bagil nem %85’in iizerinde oldugunda ahsaplarin
“terleme” egilimi bulundugundan, yiizeyleri PEG’in ahsap-
larn icerisinden agacin yiizeylerine hareketlenmesini en aza
indirgemek icin daha az higroskopik olan PEG 6000 (%70
(w/v) ile kaplanmustir (Fig. 11). Yaklagsik olarak alt1 aylik bir
stire gectikten sonra Batavia'nin sergilenecegi salon igin be-
lirlenen ¢evre kosullarina uyacak sekilde sicaklik yavas ya-
vag 22 + 2 °C’ye, bagil nem ise %60 + 5’ye degistirilmistir.?
Bu kurutma siireci sirasinda segilen ahsaplarin diizenli ola-
rak izlenmesi boyutsal ¢ekmelerin uzunlamasima %1-2, rad-
yal olarak %2 ve tegetsel olarak %3-4 oldugunu gostermistir.
Bu ¢ekme yiizdeleri “kabul edilebilir” sayilmistir. Buna ek
olarak kuru ahsaplarin bazilarinda PEG ve su igerigi 6lgiil-
miistilir. Ciddi derecede bozunmaya ugrayan ahgsaplardaki su,
agirliklarinin ortalama %16+2’si ve PEG %36 + 3’ iken,
daha az bozunan ahsaplarda bu oranlar sirasiyla %11 + 1 ve
%3 = 2 bulunmustur.’

1981°den 1987’ye kadar olan dénemde ahsaplar amaca uygun
olarak imal edilmis ¢inko silikat kaplamali yamusak ¢elikten
bir yap1 iskeletine orijinal civata deliklerinden baglama yo-
luyla monte edilerek gdvdenin orijinal yapisi sergi salonunda
yeniden inga edilmistir (Fig. 12). Batavia ahsaplar1 ¢elik yap1
iskeletinin sekil ve bigimi i¢in bir kilavuz olarak kullanilmig-
tir. Buna ek olarak, rekonstriiksiyon ahsaplarin gerektiginde
daha ileri agsamada daha ayrintili arkeolojik inceleme veya
konservasyon sonrast iyilestirme islemleri i¢in yeniden sokii-
lebilecegi sekilde tasarlanmistir (Fig. 13).1°

6 PANG 1981, 1-13.
7 PANG 1981, 1-13.
8 PANG 1981, 1-13.
9 PANG 1981, 1-13.
10 MACLEOD 1990, 1-8.
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During the inaugural impregnation treatment random
timbers were cored every six months and analysed for
water and PEG content at 2 cm intervals. The PEG and
water were extracted from the sub-samples with acetone
and the concentration in the wood cores analysed by infra-
red spectrophotometry using the 1105 cm™ absorption
band (symmetrical ether C-O-C bond stretching). The PEG
concentration was then increased at a rate so that the weight
ratio of PEG to water in solution was never more than 20
% greater than in the timber. However, these results also
indicated that depolymerisation of the PEG molecules was
occurring both in the wood and in the solutions.®

At the conclusion of the impregnation treatment, the
timbers were removed from the PEG 1500 solutions after
cooling the solution slowly (fig. 10). As the timbers were
too large to freeze dry they were placed in a dehumidifying
chamber where the initial temperature (T) and the relative
humidity (RH) were 5 + 3 °C and 90 + 5 %, respectively.’
Previous experiments indicated that a lower initial
temperature in the dehumidifier caused the least amount
of cracking and shrinking. The lower temperature also
immobilised the PEG inside the timber, thereby minimising
the possibility of PEG leaching out during drying.
However, as the timbers tended to ‘sweat’ at RHs above
85 %, their surfaces were coated with the less hygroscopic
PEG 6000 (70 % (w/v) to minimise mobilisation of PEG
from the interior of the timbers to the wood surfaces (fig.
11). Over an approximately six-month period the T and RH
were slowly altered to 22 +2 °C and 60 + 5 %, respectively
to meet the environmental conditions specified for the
Batavia display gallery.®

Regular monitoring of selected timbers during this drying
process indicated that the dimensional shrinkages were 1-2
% longitudinally, 2 % radially and 3-4 % tangentially. These
percentage shrinkages were considered “acceptable”. In
addition, PEG and water contents were measured for some
of the dried timbers. Heavily degraded timbers averaged 16
+ 2 wt% water and 36 + 3 wt% PEG while less degraded
timbers averaged 11 + 1 wt% water and 3 + 2 wt% PEG.’
From 1981-1987 the original hull structure was
reconstructed in the gallery by attaching the timbers to a
purpose-built, zinc silicate coated mild steel framework,
with the timbers fastened via the original bolt holes where
possible (fig. 12). The Batavia timbers were used as a guide
for the shape and form of the steel framework. In addition,
the reconstruction was designed so that individual timbers
could be removed for further archaeological investigation
or remedial post-conservation treatment if required
(Fig. 13).1°

6 PANG 1981, 1-13.
7 PANG 1981, 1-13.
8 PANG 1981, 1-13.
9 PANG 1981, 1-13.
10 MACLEOD 1990, 1-8.
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Fig. 9: Batavia ahsaplari i¢in 1sitilmig PEG havuzlart. Fig. 10: Ahsaplarin PEG havuzlarindan ¢ikarilmasi.
Fig. 9: Heated PEG tanks for Batavia timbers. Fig. 10: Removing timbers from the PEG tanks.
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Fig. 11: Nem alicida PEG 6000 ile kaplamasi yapilan aynalik. Fig. 12: Ahsaplarin sergi holiinde yap1 iskelesi iizerinde
Fig. 11: Impregnated fashion piece coated with PEG 6000 yeniden insa edilmesi.
in dehumidifier. Fig. 12: Reconstruction of timbers onto framework in gallery.

Fig. 13: On planda orijinal
Batavia’nin bir modeliyle
birlikte rekonstriiksiyonun
son asamasl. '
Fig. 13: Final reconstruction
with a model of the original =




TINA

ASIT OLUSUMU

Sergileme ortaminda sicaklik (22 + 2 °C) ve bagil nem
(%60 + 5) kontrollii olmakla birlikte, sik sik yasanan
tesis arizalari nedeniyle sergileme salonunun ortam
kosullarinin uzun siirelerle kabul edilebilen araliklarin
disina cikabildigi (siklikla bagil nem>%80) zamanlar
vardi. Bu ortamda yillar boyu kalan ahsaplarin birgo-
gunda beyaz/sar asitli kabuklanmalar olugsmustur. 1985
yilinda bu sorunlar kavrayarak giderme amaciyla ince-
leme baglatilmgtir.!!

100’lin {izerinde pH Olclimiine dayanarak yilizeydeki
asit diizeyi ile ahsaptaki bozunmanin boyutlar1 arasinda
giiclii bir bag oldugu anlasilmistir (Tablo 1). Cok kotii
durumdaki ahsaplarin yiizeylerinde sar1 mineralizasyon
alanlar1 bulunmaktaydi; ortalamasi yaklagik olarak 2.0
olan pH bazen 1.2’ye kadar diigmekteydi. Bu biiyiik
Ol¢lide bozunan ahsaplarin bir bagka ortak 6zelligi ise
‘keskin’ kokularrydi. Orta ile kot durumda diye ifade
edilebilecek diger kirmizi/kahverengi renkli ahsaplar-
da yiizey pH degerleri 4,3 civarindaydi. Iyi durumda
oldugu goriinen ahsaplar ise siklikla mumla kaplh gibi
goriinmekteydi ve koyu griden siyaha dogru bir renge
sahipti; ylizey pH degerleri ise ndtre yakin diyebilecegi-
miz degerdeydi."

11 MACLEOD - KENNA 1991, 133-142.
12 MACLEOD - KENNA 1991, 133-142.

ACID FORMATION

Although the display environment was temperature (22
+ 2 °C) and relative humidity (60 + 5 %) controlled,
due to frequent plant breakdowns there were extended
periods of time when the conditions in the gallery were
outside the acceptable range (often >80 % RH). After
years in this environment many of the timbers became
encrusted with a white/yellow acidic precipitate. In 1985
investigations were initiated in an attempt to understand
and alleviate these problems.!!

Based on more than 100 surface pH measurements there
appeared to be a strong correlation between surface
acidity and the extent of timber degradation (Table
1). The timbers in extremely poor condition had areas
of yellow mineralisation on the surface and the pH
was sometimes as low as 1.2 with an average around
2.0. These extensively degraded timbers also had a
characteristic ‘sharp’ smell. Other red/brown timbers
in fair to poor condition had surface pH values around
4.3. Those timbers that appeared in good condition were
often waxy in appearance and had a dark grey to black
colour and the surface pH was near neutral."

11 MACLEOD - KENNA 1991, 133-142.
12 MACLEOD - KENNA 1991, 133-142.

Tablo 1. Batavia ahsaplarinin ylizey pH degerleri ve genel tanimi.

Genel Tanim pH Ol¢iimleri
Arahk Ortalama
Koyu gri ve mumlu PEG 1500 yiizeyli 7.0-9.0 7.8+0.7
Koyu mumlu 54-6.8 6.1£0.5
Demir korozyon (III) iiriinii iceren genis bolgeler 4.5-48 4.6+0.1
Kotii durumda agik gri ahsap 25-5.0 4.1+09
Acik gri agag, ara ara zengin mineralizasyona sahip olan bolgeler 2.0-35 2.7+0.5
Sarimsi, mineralizasyon bdlgeleri, cok kotii durumda 1.7-4.4 28+1.0
Acik renkli, asirt mineralizasyon, kétii durumda 1.2-32 22+0.7
Asir1 bozunma, ¢ok zengin mineralizasyon 1.3-23 1.7+ 04

Table 1. Surface pH and general description of Batavia timbers.

General Description pH Measurements
Range Average
Dark Grey With Waxy PEG 1500 Surface 7.0-9.0 7.8+0.7
Dark Waxy 54-6.8 6.1£0.5
Extensive Regions Of Iron (lii) Corrosion Products 45-48 4.6+0.1
Light Grey Timber, Poor Condition 25-5.0 41+09
Light Grey Wood, Patches Of Rich Mineralisation 2.0-35 27+0.5
Yellowish, Mineralised Regions Extremely Poor Condition 1.7-4.4 28+1.0
Light Wood, Extensive Mineralisation, Poor Condition 1.2-3.2 22+0.7
Extreme Degradation, Very Rich Mineralisation 1.3-23 1.7+ 04
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Yiizey asiditesinin birkac kaynagi olabilir. PEG mo-
lekiillerinin bozunmasi formik asit ve formaldehidin
yiikselmesine yol agar, formaldehidin yilikselmesiyle
genellikle daha fazla oksidasyona ugramasi formik
asit olusturur.” Formik asidin pK,  degeri 3.75'tir,
bunun 4-7 araligindaki pH degerlerinin nedeni ol-
dugunu rahatga sdyleyebiliriz. Buna ek olarak demir
hidroksitlerin doygun ¢ozeltileri 2-3 civarinda ¢ozelti
pH degerleri vermektedir. Bu mineraller aerobik ko-
sullarda paslanan demirde olusan baskin korozyon
irlinleridir, bu nedenle de agaclarin yiizeylerinde
gozlenen asidik ortama katkisi olabilir. Demir hidro-
liz (III) tiirleri de ayn1 sekilde ahsabin asit derecesine
katkida bulunabilir.'* Ancak, onceki agiklamalarin
higbiri pH’1n 2,0’nin altinda oldugu asir1 derecede
asidik ahsap yiizeylerine agiklama getirmemektedir.
Bu daha diisiik pH degerleri, pirit oksidasyonu yo-
luyla ortaya ¢ikan siilfiirik asit olusumuna baglanmis-
tir.'> Ahsabin i¢ yapisinda biiyiik olasilikla demirin
katalizor etkisi sonucunda seliilloz degradasyonuyla
olusan oksalik asitin, konservasyonu yapilmis olan
arkeolojik ahsaptaki asit derecesinin baslica kaynak-
larindan biri oldugunu belirtmek gerekir. Batavia ah-
saplarinda oksalik asit analizleri yapilmamis olsa da
bu asit Vasa batiginin yiizey tabakalarinda ve i¢inden
alman karotlarda saptanmistir; Batavia ahsaplarinda
da bulunmasi hayli olasidir.'¢

Pirit oksidasyonu mikrobiyolojik veya kimyasal yol-
lardan ortaya ¢ikabilir. Ancak, %60 bagil nem sevi-
yelerinde reaksiyon oraninda hizli bir artigtan dolay1
bu siireclerin her ikisi de bagil neme baglidir. Batavia
ahsaplarindaki yiiksek yiizey asit seviyesine neden
olan ana mekanizmay1 agikliga kavusturmak igin ah-
sap yiizeylerinden siiriintii alinarak besiye koyulmus-
tur. Ahsap ylizeylerinin temel olarak steril oldugu
saptanmistir. Bu bulgular, pirit oksidasyon mekaniz-
masinda birincil oran saptama adiminin mikrobiyolo-
jik degil kimyasal olarak kontrol edilmesi gerektigini
gOstermistir.!”

Piritin kimyasal oksidasyonu icin genel reaksiyon
semasi ¢ok karmasiktir ve ii¢ adimdan olusan bir se-
ridir.'® Birinci adim piritin oksijenle siilfat ve demir
(II) iyonlarina oksidasyonudur.

FeS, + 70, + 2H,0 - 2FeSO, + 2H,S0, (1)

13 GLASTRUP 1997, 377-382.

14 MACLEOD — KENNA 1991, 133-142.
15 SANDSTROM vd. 2002, 893-897.

16 GODFREY 2020, kisisel goriisme.

17 MACLEOD — KENNA 1991, 133-142.
18 LOWSON 1982, 461-497.
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The surface acidity could have originated from several
sources. The degradation of PEG molecules gives rise
to formic acid and formaldehyde, with the latter usually
being oxidised further to formic acid.” Formic acid
has a pK_ of 3.75 and could easily be responsible for
those surface pH readings in the 4-7 range. In addition,
saturated solutions of ferric oxy hydroxides exhibit
solution pH values around 2 to 3. These minerals are
the predominant corrosion products formed on rusting
iron under aerobic conditions and could therefore
contribute to the acidic environment experienced on
the wood surfaces. Hydrolysis of iron (III) species
could also contribute to the timber acidity.'* However,
none of the previous explanations accounted for the
extremely acidic wood surfaces where the pH was less
than 2.0. These lower pH values were attributed to the
formation of sulphuric acid through pyrite oxidation.'
It is also important to note that oxalic acid, most
probably formed internally in wood via iron-catalysed
cellulose degradation, is a significant source of acidity
in conserved archaeological wood. While oxalic acid
analyses have not been undertaken for Batavia timbers,
this acid has been detected in the surface layers and
from internal cores from the Vasa shipwreck and it is
highly likely that this acid is also present in the Batavia
timbers.'®

Pyrite oxidation can occur via either microbiological
or chemical routes. However, both these processes are
dependent on the relative humidity, with a rapid increase
in the reaction rate at RH levels greater than 60 %. To
clarify the major mechanism causing the high surface
acidity on the Batavia timbers, swabs of the timber
surfaces were taken and cultivated. The timber surfaces
were essentially sterile. These results indicated that the
primary rate determining step in the pyrite oxidation
mechanism was more likely to be chemically and not
microbiologically controlled."

The overall reaction scheme for the chemical oxidation
of pyrite is very complex and is a sequence of three
steps.'® The first step is the oxidation of pyrite by oxygen
to sulphate and ferrous ions (1).

FeS, + 70, +2H,0 - 2FeSO, + 2H,SO, (1)

13 GLASTRUP 1997, 377-382.

14 MACLEOD — KENNA 1991, 133-142.
15 SANDSTROM et al. 2002, 893-897.
16 GODFREY 2020, kisisel gériisme.

17 MACLEOD — KENNA 1991, 133-142.
18 LOWSON 1982, 461-497.
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Bir dizi reaksiyon mekanizmasi 6nerilmis olup, bun-
lar yiizeye tutunan (adsorbe) oksijen tiirlerinin olusu-
munu, kiikiirt ara maddelerinin olusumunu ve elekt-
rokimyasal dizilimi igerir. Kiikiirt bu reaksiyonun
yan iiriinlerinden biridir, ancak miktar1 azdur.

Ikinci adim demir (II) iyonlarmin oksijenle demir
iyonlarina oksidasyonudur ve ortamin, pH’n, demir
(IT) iyonu ve oksijen konsantrasyonunun, sicakligin
ve katalitik malzemeleri varligimin bir fonksiyonu-
dur. Siralan ilgilendiren bir dizi reaksiyon mekaniz-
masi Onerilmistir ancak Onerilerden higbiri, ¢esitli
arastirmacilarin gézlemledigi deneye dayali sonugla-
rin hepsiyle tam bir uyum igerisinde degildir.

FeS, + 8H,0 + 14Fe™ —»15Fe* + 2807 + 16H"  (2)

Kimyasal oksitlenme yolaginin igiincii adimu, piritin
demir iyonlartyla oksidasyonudur (3). Bu oksidasyon
kinetik bilimi acisindan iyi tanimlanamayan hetero-
jen bir reaksiyondur. Orani, tim demir katyon kon-
santrasyonlarinin, yilizey alaninin ve pH’1n bir fonk-
siyonudur. Uriinii siilfiir olan yan tepkime olduguna
dair baz1 kanitlar vardir.

FeS, - Fe*" +28°+2¢e 3)

Etiketlenmis oksijen ve suyla yapilan deneyler,
onemli konsantrasyonlarda demir iyonlar iiretilince-
ye kadar piritin baslangigtaki oksitlenmesinin oksijen
nedeniyle oldugunu, sonrasinda demir iyonlarinin
ana oksitleyici ajanlar olarak iglev gordiigiinii ortaya
koymaktadir.

Asidin uzaklagtirilmasindan 6nce asitten etkilenen
ahsaplarin yiizeyindeki maddeden alinan &rnekler,
SEM/EDAX ve XRD ile incelenmistir. Belirlenen te-
mel mineral tiirleri Tablo 2’de listelenmistir.'

19 MACLEOD — KENNA 1991, 133-142.
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A number of reaction mechanisms have been proposed
and these include the formation of an adsorbed oxygen
species, formation of thio intermediates and an
electrochemical sequence. Sulphur is one of the side
products of this reaction but the yield is low.

The second step is the oxidation of ferrous ions by
oxygen to ferric ions and is a function of the media,
pH, ferrous ion and oxygen concentration, temperature
and the presence of catalytic materials (2). A number
of reaction mechanisms have been proposed involving
sequences but no proposal is in full accord with all the
experimental results observed by a number of authors.

FeS, +8H,0 + 14F¢’* - 15Fe* +2S0,> + 16H" (2)

The third step of the chemical oxidation path is
the oxidation of pyrite by ferric ions (3). This is a
heterogeneous reaction with poorly defined kinetics.
The rate is a function of total iron cation concentrations,
surface area and pH. There is some evidence for a side
reaction with sulphur as the product.

FeS, —» Fe +28°+2¢ 3)

Experiments with labelled oxygen and water indicate
that the initial oxidation of pyrite is by oxygen until
significant concentrations of ferric ions are produced,
after which the ferric ions act as the principal oxidising
agent.

Samples of the material on the surface of the acid
affected timbers before deacidification were examined
by SEM/EDAX and XRD. The major mineral species
identified are listed in Table 2."

19 MACLEOD - KENNA 1991, 133-142.
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Tablo 2. Asidin uzaklagtirilmasindan 6nce ve sonra asitten etkilenen Batavia mese agacinda XRD ile saptanan

mineraller.

ASIDIN UZAKLASTIRILMASINDAN ONCE

ASIDIN UZAKLASTIRILMASINDAN SONRA'

Mineralin Ad1 Kimyasal Formiilii Mineralin Ad1 Kimyasal Formiilii

Gotit a-FeO.OH Mobhrit (NH,),Fe(SO,),.6H,0

Lepidokrosit FeO.OH Amonyum demir (II) siilfat | (NH,),Fe(SO,),.4H,0
hidrat

Demir (II) hidroksit | Fe(OH), Amonyum demir (II) siilfat | (NH),Fe(SO,),

Ortorombik siilfiir | S Amonyum pirosiilfit (NH,),S,0,

Pirit FeS, Ferrinatrit Na,Fe(SO,),.3H,0

Rozenit FeSO,.4H,0 Potasyum demir (II) siilfat | K ,Fe(SO,),.6H,0
hidrat

Siderotil FeSO,.5H,0 Demir oksit siilfat hidroksit | Fe, Fe (O,0H,SO,),

Natrojarosit NaFe (SO,),(OH), Demir siilfat hidroksit Fe(OH)SO,

Jarosit KFe (SO,),(OH), Demir siilfat hidroksit Fe,(OH), SO,

Bilinit Fe,(SO,),.22H,0

Butlerit FeSO,(OH).2H,0

Romerit FeFe,(SO,),.14H,0

1 — Asidin uzaklagtirilmasindan sonra saptanan mineral tiirleri bu listede yer alan asidin uzaklastirilmasindan onceki listeye ektir.

Table 2. Minerals identified by XRD on acid affected Batavia oak wood before and after deacidification.

BEFORE DEACIDIFICATION AFTER DEACIDIFICATION!'

Mineral Name Chemical Formula Mineral Name Chemical Formula

Goethite a-FeO.OH Mobhrite (NH,),Fe(S0O,),.6H,0

Lepidocrocite FeO.OH Ammonium iron (IT) (NH,),Fe(S0,),.4H,0
sulphate hydrate

Iron (IT) hydroxide | Fe(OH), Ammonium iron (IT) (NH,),Fe(SO,),
sulphate

Orthorhombic S Ammonium pyrosulphite (NH,),S,0,

sulphur

Pyrite FeS, Ferrinatrite Na,Fe(SO,),.3H,0

Rozenite FeSO,.4H,0 Potassium iron (II) sulphate | K, Fe(SO,),.6H,0
hydrate

Siderotil FeSO,.5H,0 Iron oxide sulphate Fe, Fe ,(O,0H,SO,),
hydroxide

Natrojarosite NaFe,(SO,),(OH), Iron sulphate hydroxide Fe(OH)SO,

Jarosite KFe,(SO,),(OH), Iron sulphate hydroxide Fe (OH), SO,

Bilinite Fe(SO,),.22H,0

Butlerite FeSO,(OH).2H,0

Roemerite FeFe,(SO,),.14H,0

1 — The mineral species identified After Deacidification are additional to those listed in Before Deacidification.
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Fig. 14: Asitten etkilenmis bir ahsap.
Fig. 14: Acid-affected timber.

Cogunlugu olusturan pariltili beyaz renkteki minera-
lin rozenit oldugu belirlenmistir (Fig. 14). Piritin molar
hacmi 24 c¢cm?, rozenitin ise 98 cm?’tiir. Oksitlenme sira-
sinda kristal hacminde olusan bu dort kat bitylime (Fig.
15) agacin i¢ yapisinda asir1 fiziksel hasara yol acabilir.
Jarosit ve natrojarosit de piritin yaygin olarak gozle-
nen oksitlenme {iriinleridir ve 6ncii maddeleri olan de-
mir (II) silfitlere gore molar hacimleri daha biiytiktiir.?
Elementel kiikiirtiin ve bir¢ok demir (II) ve demir (III)
stilfatin varli§1 Batavia ahsaplarinda olusan kimyasal pi-
rit oksidasyonunun sergileme doéneminin baslangicinda
gerceklestigini giiglii bir sekilde gdstermistir. Bu soru-
nun tamimlanmasindan sonra ve pirit oksitlenme orani-
nin %60’1n iizerindeki bagil nemli ortamlarda dramatik
sekilde artis1 bilindiginden, sergileme salonundaki bagil
nem orani 1980’lerin sonlarinda %55’e distiriilmiigtiir.?!
1990’larin sonlarinda, Batavia batiginin yeniden insa edi-
len govdesinde kullanima uygun olmayan, islem gormiis
mese agacindan ahsaplarindan bazilar1 ve gozden ¢ika-
rilabilecek tiirden ¢am agacindan kaplamalariyla bagka
kapsamli bir ¢aligmaya girisilmistir. Minerallerle yapilan
XRD analizinde ahsap drneklerinin yiizeylerinden ve ic
kisimlarindan elde edilen minerallerde demir oksithid-
roksitleri, hidrath demir siilfatlar ve pirit gibi alisilage-
len grup tanimlanmistir (Tablo 2’ye gore). MacLeod ve
Kenna (1991) tarafindan 6nceden bildirilen bilesiklere ek
olarak, Batavia ahsaplarinda melanterit (FeSO,.7H,0),
siderit (FeCO,) ve magnetit (Fe,0,) de belirlenmistir. Or-
talama yiizey pH ol¢limleri daha yiiksek demir igerigine
sahip bolgelerde daha diisiiktiir ve ¢am Omekleri mese
orneklerine gore daha asidik bir dzellige sahiptir. Buna
ek olarak, cam orneklerindeki mineralizasyon (% ash_
= %30,6) (Fig. 16) mese orneklerindekine gore anlamli
olgtide daha yiiksektir (% ash = %2,5), bu etmenin cam
kerestelerindeki daha yiiksek asiditenin nedeni oldugu
diisiiniilmektedir.?

20 SANDSTROM vd. 2002, 893-897.
21 MACLEOD — KENNA 1991, 133-142.
22 GHISELBERTI vd. 2002, 281-307.
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Fig. 15: Asitten etkilenmis ahsapta bulunan Fig. 16: Batavia’da kiillesmis bir gam
rozenit kristallerinin makro fotografi.
Fig. 15: Macro image of rozenite
crystals in the acid affected timber.

ornegi.
Fig. 16: Ashed pine sample from the
Batavia.

The major white sparkling mineral was identified as
rozenite (fig. 14). Pyrite has a molar volume of 24 ¢cm?
and rozenite, 98 cm’. This four times expansion in
crystal volume during oxidation (fig. 15) would cause
extreme physical damage to the internal wood structure.
Both jarosite and natrojarosite are commonly observed
oxidation products of pyrite and also have much larger
molar volumes than their precursor iron (II) sulphides.?
The presence of elemental sulphur and so many iron (II)
and iron (III) sulphates strongly indicated that chemical
oxidation of pyrite had occurred in the Batavia timbers
during the initial display period. After this problem
was identified and since it was well known that the rate
of pyrite oxidation increases dramatically at relative
humidities greater than 60 %, the RH of the display
gallery was reduced to 55 % in the late 1980s.*!

In the late 1990s, another extensive study was undertaken
using some of the treated Batavia oak and sacrificial
pine planking that were unsuitable for inclusion on
the reconstructed hull. XRD analysis of minerals
recovered from the surfaces and from the inner regions
of the wood samples identified the usual suite of iron
oxy hydroxides, hydrated iron sulphates and pyrite (as
per Table 2). In addition to the compounds previously
reported by MacLeod and Kenna (1991), melanterite
(FeSO,.7TH,0), siderite (FeCO,) and magnetite (Fe,O,)
were also identified in the Batavia timbers. The average
surface pH measurements were lower in areas that
possessed higher iron contents and the pine samples
were more acidic than the oak samples. In addition,
the pine samples (% ash = 30.6 %) (fig. 16) were
significantly more mineralised than the oak samples (%
ash =2.5%), a factor that was considered to contribute
to the higher acidity in the pine timbers.?

20 SANDSTROM et al. 2002, 893-897.
21 MACLEOD — KENNA 1991, 133-142.
22 GHISELBERTI et al. 2002, 281-307



Cam oOrneklerinde goriilen mineralizasyonun mese 6rnek-
lerine gore daha fazla olmasi, camin gozden ¢ikarilabilir
bir katman olarak su hattinin altindaki gévde dis yiizeyin-
de birgok demir baglant1 elemanlari kullanilarak sabitlen-
mis olmasinin dogrudan bir sonucudur.

Batavia batigia uygulanan orijinal islemden sonra bo-
zunmaya ugrayan PEG 1500 ve yeni uygulanmis PEG
1500 ile modern ve arkeolojik ¢am ve mese agacindan
orneklere emprenye uygulanmasindan olusan diger de-
neyler, bozunmus PEG 1500 varliginin Batavia ahsapla-
rindaki diisiik pH derecesine katkisinin olast olmadigini
gostermistir. Her ne kadar Batavia ahsaplarinin 6ziitle-
rinde yapilan ¢ozelti proton niikleer manyetik rezonans
spektroskopik analizi (‘H NMR) PEG, PEG-format, for-
mik asit ve asetik asitle iliskilendirilen sinyaller agiga ¢1-
karmig olsa da, arkeolojik ¢amin diisiikk pH’inin agirlikli
olarak yiiksek diizeydeki mineralizasyondan kaynaklan-
digin1 gostermistir.

Arkeolojik orneklere su eklenmesi agacin yapisinda bu-
lunan ¢oziinebilir minerallerin dnemli 6lgiide yeniden
kristallesmesine neden olmustur, bunun sonucunda daha
biiyiik boyutlu kristaller olusmus, rozenit (FeSO,.4H,0)
melanterite (FeSO,.7H,0) doniismiistiir. Daha 6nce bah-
sedilen pirit oksitlenmesinde goriildiigii gibi kristal biiytik-
ligiinde ve hidrasyon durumunda goriilen bu degisimlerin
agacin yapisina zarar verme potansiyeli bulunmaktadir.?*
Modern pinus sylvestris talaglarimin birkag ay boyunca
sicak, sulu ¢ozeltilerde gotit ve melanterit ile inkiibasyo-
nunu igeren hizlandirilmis yaslandirma deneylerinin ar-
dindan odun pargaciklarinda Fourier doniisiimii kizilotesi
(FT-IR) ve kat1 hal *C NMR spektroskopisi ile yapilan
analiz hem melanterit hem de gotitin taze ahsabin iirii-
mesine neden oldugunu ortaya koymustur. Beklendigi
iizere melanteritin agacin bozunmasinda genel olarak
daha biiylik etkisi oldugu goriilmiistiir. Bunun nedeni
biiyiik olasilikla suda ¢oziinebilirliginin daha ¢ok olma-
s1, sulu ¢ozeltinin asit diizeyi (pH = 3.48) ve oksitleme
iirliniiniin (demir iyonlar1) seliiléziin bozunmasindaki ka-
talizator etkisidir.”

Birlesik asindirma {iiriinlerinin analizine ek olarak, asit-
ten etkilenen ve etkilenmeyen Batavia ahsaplar1 agacin
bilesimindeki bozunmanin boyutunu belirlemek amacry-
la incelenmistir. Cizgi enlenmesi sirasinda paramanyetik
tiirlerin varlig1 nedeniyle paramanyetik tiirlerin varligin-
dan dolay1 ¢izgi genislemesi, kat1 hal *C NMR spektrum-
larinin bazilarinin karmagik yorumlanmasi, FTIR, piroliz
gaz1 kromatografisi ve elemental analizlerle bir araya ge-
tirildiginde bu spektrumlar, dis ahsap ylizeylerden alinan
ahsap orneklerinde sadece asetat izlerinin bulunmasiyla
Batavia ahsaplarinda 6nemli miktarda karbonhidrat kaybi
oldugunu gostermistir.?®

23 GHISELBERTI vd. 2002, 281-307.
24 GHISELBERTI vd. 2002, 281-307.
25 GHISELBERTI vd. 2002, 281-307.
26 MACLEOD - RICHARDS 1997b, 331-351; WILSON vd. 1993, 599-610.
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The fact that the pine timbers were more mineralised
than the oak timbers would be a direct consequence of
the pine being used as a sacrificial layer on the exterior
of the hull below the water line, secured by many small
iron fastenings.

Other experiments involving the impregnation of
modern and archaeological samples of oak and pine
with degraded PEG 1500 from the original Batavia
treatments and with fresh PEG 1500 indicated that
the presence of deteriorated PEG is unlikely to be
the main contributing factor to the lower pH of the
Batavia timbers. Although solution proton nuclear
magnetic resonance spectroscopic (‘H NMR) analysis
of the extracts from Batavia timbers revealed signals
attributable to PEG, PEG-formate, formic acid and
acetic acid, the lower pH of the archaeological pine was
due primarily to its higher level of mineralisation.”
The addition of water to the archaeological samples
caused significant recrystallisation of the soluble
minerals present in the wood structure, leading to
the formation of larger crystals and the conversion of
rozenite (FeSO,.4H,0) to melanterite (FeSO,.7H,0).
As with the oxidation of pyrite mentioned previously,
these changes in crystal size and hydration state have
the potential to physically damage wood structures.?
Accelerated ageing experiments, which involved the
incubation of shavings of modern Pinus sylvestris with
goethite and melanterite for a few months in warm,
aqueous solutions, followed by analysis of the wood
particles by Fourier transform infrared (FT-IR) and
solid state *C NMR spectroscopy, indicated that both
melanterite and goethite caused fresh wood to decay.
Not surprisingly, melanterite appeared to have a greater
overall effect on wood deterioration, most likely due
to its greater water solubility, the acidity of its aqueous
solution (pH = 3.48) and the ability of its oxidation
product (ferric ions) to catalyse cellulose degradation.?
In addition to the analysis of incorporated corrosion
products, acid-affected and non-acid Batavia timbers
have been examined to determine the extent of
deterioration of the timber components. While line
broadening, due to the presence of paramagnetic species,
complicated interpretation of some of the solid state
BC NMR spectra, these spectra, combined with FTIR,
pyrolysis gas chromatographic and elemental analyses
demonstrated that there is significant carbohydrate loss
from the Batavia timbers with only traces of acetate
present in timber samples taken from the outer wood
surfaces.?

23 GHISELBERTI et al. 2002, 281-307.
24 GHISELBERTI et al. 2002, 281-307.
25 GHISELBERTI et al. 2002, 281-307.
26 MACLEOD - RICHARDS 1997b, 331-351; WILSON et al. 1993, 599-610.
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146 ppm rezonans degeri i¢in '*C NMR’de bulguya rast-
lanmamugstir, bu da B-O-4 lignin baglantilarinin saglam
oldugunu ve beklendigi gibi numunelerin dig kisimla-
rinda dnemli dlgiide az karbonhidrat bulundugunu gos-
termektedir.”’

llging bir sekilde, Batavia batigidakiler de dahil ol-
mak iizere bir dizi gemi enkazinin maksimum su igerigi
degerlerinin korelasyonu, ilgili NMR spektrumlarinda
O-alkil olarak atanan% karbon ile ters bir iliski oldugu-
nu gostermistir.® Daha 6nce hidrofilik karbonhidrat bi-
lesenlerinin iggal ettigi alanlar artik bagli su ile doymus
oldugundan, bu durum mantiklidir.

ASITTEN ARINDIRMA

En 6nemli sorun asidin ahsaplarda yarattigi sorun ol-
dugundan, asit derecesini diisiirerek agacin yapisindaki
bozunma oranini azaltacak bir islem bulmak gereki-
yordu. Ahsaplar1 yeniden su bazli bir asit uzaklagtirma
sistemine batirma, daha sonra yeniden emdirme ve ku-
rutmaya yonelik bir egilim ne de bunu yapacak kaynak
olmadigindan sulu olmayan asitten armdirma yontem-
leri tercih edilmistir. 1ki su bazli denemenin yani sira
dort ayr1 sulu-olmayan yontem arastirilmistir. Bir me-
til magnezyum karbonat (%3) sulu sprey ile ikisi de
mavi ispirtoda ¢6ziilmiis iire (%2) ve sodyum hidroksit
(0.05M) kullaniminin asidik iyon fazlasiyla etkilesime
girerek ahsap yiizeyleri ndtralize etmekte etkisiz kaldig1
gosterilmistir. Ancak gazli amonyak, doygun amonyak
¢ozeltisi ve diaminoetan kullanimi iglem gdren ahsap-
larin yiizeylerindeki pH seviyelerini azaltmada etkili
olmustur.”

Diaminoetanin yiiksek toksisitesi ve doygun amonyak
cozeltisinin su bazli dzelligi goz Oniine alindiginda
asitten arindirma iglemi olarak gazli amonyak tercih
edilmistir. Yaklagik olarak 200 kg agiligindaki asitten
etkilenen ahsaplar rekonstriiksiyondan sokiilerek ye-
rel bir zararlilarla miicadele tesisinde gaz gecirmeyen
membran igerisinde toplu olarak amonyum gaziyla 48
saat isleme tabi tutulmustur.

Amonyak gazi teknigi, asidik demir siilfatlarini demir
oksithidroksitlere ve bir dizi daha az asidik olan hidratl
demir hidroksi siilfatlara ve amonyum demir siilfatlara
donistiirmistiir (Tablo 2). Amonyak isleminden sonra
pH’1n diizliik degeri 4,0 idi, bu da yiizeydeki demir (III)
oksithidroksitlerde beklenen denge degerlerini gosteri-
yordu.}!

27 GODFREY vd. 2012, 401-417.

28 WILSON vd. 1993, 599-610.

29 MACLEOD — KENNA 1991, 133-142
30 MACLEOD — KENNA 1991, 133-142
31 MACLEOD — KENNA 1991, 133-142
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There was no evidence in the *C NMR for a 146 ppm
resonance, suggesting that the B-O-4 lignin linkages
were intact and, as expected, there was significantly less
carbohydrate in the outer parts of the samples.”
Interestingly, correlation of the maximum water content
values of a series of shipwreck timbers, including those
of the Batavia, demonstrated an inverse relationship
with the % carbon assigned as O-alkyl in their respective
NMR spectra.?® This is reasonable as spaces previously
occupied by hydrophilic carbohydrate components were
now saturated with bound water.

DEACIDIFICATION

Since the immediate problem was acidic attack on
the timbers, it was essential to find some treatment
that would reduce this acidity and decrease the rate
of deterioration of the wood matrix. Non-aqueous
deacidification methods were preferred as there
were neither the resources nor the inclination to re-
immerse the timbers in a water-based deacidification
system then reimpregnate and dry the timbers again.
Four non-aqueous methods were investigated along
with two water-based trials. The use of a methyl
magnesium carbonate (3%) aqueous spray and urea
(2%) and sodium hydroxide (0.05M) both dissolved
in methylated spirits proved ineffective at neutralising
the wood surfaces by reacting with excess acidic ions.
Gaseous ammonia, saturated ammonia solution and
diaminoethane however, were effective in lowering the
surface pH levels of treated timbers.”

Given the high toxicity of diaminoethane and the water-
based nature of saturated ammonia solution, gaseous
ammonia was chosen as the preferred deacidification
treatment. Approximately 200 kg of acid-affected
timbers were removed from the reconstruction and
treated in bulk with ammonia gas for 48 hours under
a gas-proof membrane at a local pest control facility.*
The ammonia vapour technique converted the acidic
iron sulphates to iron oxy hydroxides and a range of less
acidic hydrated iron hydroxy sulphates and ammonium
iron sulphates (Table 2). The plateau value of the pH
after the ammonia treatment was 4.0 indicative of
the equilibrium values expected for the iron (III) oxy
hydroxides on the surface.*!

27 GODFREY et al. 2012, 401-417.

28 WILSON et al. 1993, 599-610.

29 MACLEOD — KENNA 1991, 133-142
30 MACLEOD — KENNA 1991, 133-142
31 MACLEOD — KENNA 1991, 133-142



Yiizey rengi oksitlenen demir (III) minerallerinin tipik
kirmizi/kahverengi rengine doniismiistir (Fig. 17-18).
Asitten arindirilan Batavia ahsaplarindan yaklasik 3 kg
notralize oksidasyon {irliniiniin uzaklastirilmasi i¢in ha-
fif kuru hava tifleme kullanilmustir.3

Bunu takip eden birkag denemede diaminoetan® ve
daha az boyutta amonyum gazinin** ahsabin bilesenle-
rinde ozellikle hemiseliiloz fraksiyonunda bozunmaya
neden oldugu goézlenmistir. Ancak FT-IR, kati haldeki
BC-NMR ve segilen Batavia ahsaplarinin py-gc-ms
analizleri, hemiseliiloz fraksiyonundaki énemli bozun-
manin asidin giderilme igleminden dnce zaten meydana
geldigini, bu nedenle bu islemlerin Batavia ahsaplarinin
genel agac bilegimi lizerinde minimum etkiye sahip ola-
cagimni gostermistir.®

Takip eden yedi yil boyunca Batavia’nin yeniden yapi-
minda kullanilan asit iceren ve asitten armdirilmis 28
ahsabin yiizey pH degerleri izlenmistir (Fig. 19). Asitten
armdirilmig ahgaplarda zaman igerisinde daha fazla asit
olusmamustir, ortalama ytlizey pH degerleri 4,25 civarin-
da kalmigtir.3

ASITTEN ARINDIRILMIS UFALANAN AHSAPLARIN
SAGLAMLASTIRILMASI

Daha 6nce asitten arindirilan Batavia batiginin ahsapla-
rindaki asit seviyeleri temelde kararli bir seviyede kal-
mis olmakla birlikte, rekonstriiksiyon siirecinin baglan-
gicinda bazi asir1 derecede minerallesmis durumda olan
ahsaplar zaman igerisinde artan diizeyde ufalanabilir ve
kirllgan duruma gelmistir. Bu ufalanabilir, asitten arin-
dirilmis ahsaplarin (FO) yiizeyinde saptanabilen baglica
mineral melanterit (FeSO,.7H,0) idi. Gazli amonyak
ile asitten arindirma iglemine baslamadan Once asitten
etkilenen ahsaplarin yiizeylerinden toplanan 6rneklerde
saptanan baglica korozyon iiriiniiniin ise rozenit (Fe-
SO,.4H,0) oldugu saptanmustir. Ahsap yiizeylerdeki de-
mir siilfatlarin atmosferdeki ortam suyu ve/veya ahsa-
bin i¢ yapisindaki bagli suyu cekmesi nedeniyle giderek
daha fazla hidratlandig1 agikti, bu ikinci mekanizmanin
ahsabin i¢inin kurumasina yol agmasi olastyd: (Richar-
ds 1990). Onceden belirtildigi gibi bosluklar1 ve agag
hiicrelerini isgal eden bu hidratli korozyon tirtinlerinin
molar hacminin artmasinin ahsabin i¢ yapisina daha faz-
la fiziksel hasar vermeye neden olmasi s6z konusuydu.”’

32 MACLEOD - KENNA 1991, 133-142
33 GHISALBERTI vd. 2002, 281-307.
34 CHA vd. 2016; FORS — RICHARDS 2010, 41-54.

35 MACLEOD — RICHARDS 1997a, 203-228; MACLEOD — RIC-
HARDS 1997b, 331-351; RICHARDS — WEST 2002, 259-280.
36 MACLEOD — KENNA 1991, 133-142.

37 RICHARDS 1990, 35-53.
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The surface colour changed to the characteristic red/
brown of these oxidised iron (III) minerals (fig. 17-
18). Gentle dry air blasting was used to remove
approximately 3 kg of neutralised oxidation products
from the deacidified Batavia timbers.*

Several subsequent experiments have shown that
diaminoethane® and to a lesser extent, ammonia
gas* caused some degradation of wood components,
especially the hemicellulose fraction. However FT-
IR, solid state C-NMR and py-gc-ms analyses of
selected Batavia timbers have shown that substantial
deterioration of the hemicellulose fraction had already
occurred prior to the deacidification treatment and
therefore these processes would have had minimal
impact on the overall wood composition of the Batavia
timbers.*

Over the next seven years, the surface pH values of 28
deacidified and non-deacidified timbers on the Batavia
reconstruction were monitored (fig. 19). The deacidified
timbers did not become more acidic over time, with the
average surface pH remaining around 4.25.%6

CONSOLIDATION OF FRIABLE, DEACIDIFIED TIMBERS

Even though the acidity levels of the previously
deacidified Batavia timbers were essentially stable,
some extensively mineralised timbers at the base of the
reconstruction became increasingly friable and fragile
over time. The major mineral identified on the surface
of one of these friable, deacidified timbers (F0O) was
melanterite (FeSO,.7H,0). The major mineral identified
in the samples of corrosion products collected from the
surface of acid-affected timbers prior to deacidification
with gaseous ammonia was rozenite (FeSO,.4H,0). It
was obvious that the ferrous sulphates on the timber
surfaces were becoming increasingly hydrated by the
uptake of ambient water from the atmosphere and/or
bound water from the internal wood structure, with the
latter mechanism likely to lead to internal desiccation
of the timber (Richards 1990). As stated previously, the
molar volume expansion of these hydrated corrosion
products that occupied void spaces and wood cells, was
likely to result in further physical damage to the internal
structure of the timber.”’

32 MACLEOD — KENNA 1991, 133-142
33 GHISALBERTI et al. 2002, 281-307.
34 CHA et al. 2016; FORS — RICHARDS 2010, 41-54.

35 MACLEOD — RICHARDS 1997a, 203-228; MACLEOD — RIC-
HARDS 1997b, 331-351; RICHARDS — WEST 2002, 259-280.
36 MACLEOD — KENNA 1991, 133-142.

37 RICHARDS 1990, 35-53.

101



TINA

— - bl

Fig. 17: Asitten arindirma 6ncesinde asitten etkilenmis ahsap. Fig. 18: Gazli amonyak ile asitten aritilmasi tamamlanmis
Fig. 17: Acid-affected timber before deacidification. asitten etkilenmis ahsap.

Fig. 18: Acid-affected timber after deacidification with
gaseous ammonia.

Change in Surface pH of Deacidified and Non-deacidified Batavia Timbers

L4 #— fon-deacidified Timber 4 {pHav = B 22)
K & MNon-deacwditied Timber 5 (pHaw = 6 4)
&— Deacidified Timber 20 (pHav = 4.1
'.\. & - Dreacdified Timber 21 (pHav = 4 1)
) -
I A v %
"|~'. [ 1I'.I [ ] . " ..'
\ |
\ I
D ""'-. s | I'-, | .'"- - i\ o Ir:
\ \ " h_j- L] [l .‘K.
. » » Y I\ PO
4 Y / | - \ ‘I i |I' .
- \ v T
: S . .
= * - ™
B \ |
I'I" II II
¥ .
4 -
o A
r. ‘l’jf LA . - :
{w ! . .\r"-_" |,-'
L ]
: [y wrure -": L] L] kx.'
. . .
40 &1 &l

Tine (moanths)

Fig. 19: Asitten arindirilmis ve arindirilmamis Batavia ahsaplarinda yiizey pH degerindeki degisim.
Fig. 19: Change in surface pH of deacidified and non-deacidified Batavia timbers.

Tercihen agaci giiglendirecek, esneklik ve sertlik ver-
meye uygun bir saglamlastirict (konsolidant) segilmesi
gerekliydi; boylece kirillgan ahsaplar elden gecirilebilir
ve sergilenebilirdi. Saglamlastirici ajanlar gevsek du-
rumdaki pargalar igin yapigtirict gorevi gormeli, de-
gisken nem oranlari kargisinda makul diizeyde koruma
saglamali ve sabit mekanik 6zellikleri korumaliydi.
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A suitable consolidant had to be chosen that ideally
would impart strength, flexibility and hardness to
the wood so the fragile timbers could be handled and
displayed. The consolidant had to act as an adhesive for
loose fragments, provide reasonable protection against
fluctuating humidity and maintain stable mechanical
properties.



Buna ek olarak, saglamlagtiricinin rengi yillar igerisin-
de solmamali, en azindan eski durumuna doéniistiiriilebilir
olmali, toksik olmamali, gérece ucuz olmali ve kolaylikla
bulunabilir olmaliydi.*® Hepsinden onemlisi, saglamlasti-
rict ajan Onceki konservasyon islemleri nedeniyle agacin
yapisinda bulunan PEG ile uyumlu olmaliydi. PEG ile is-
lem goren agaclarda genellikle yapigma konusunda sorun
yasanir. Endiistriyel olarak, PEG ile islem goren agag suda
coziinebilen yapistiricilarla veya epoksi regineyle yapistiri-
lir, ancak bunlar uygulanmadan yapistirilacak olan bolge-
deki PEG’in biiyiik bir kismi sulu olmayan bir ¢dzeltiyle
cikarilir. Burada, saglamlastiricinin PEG ile uyumu hayati
oneme sahiptir.*

Benzer sekilde, saglamlastiriciy1 oda sicakliginda agaci ku-
rutmak yerine uygun konsantrasyon araliginda ¢6zmek igin
gereken saglamlastirma isleminde ¢ozelti, saglamlastirici-
nin ahsaba derinlemesine niifuz etmesini saglamak ama-
ciyla goreli yiiksek bir kaynama noktasina sahiptir, ideal
olarak toksik olmamalidir ve kullanim1 giivenli olmalidir.*°
Uzerinde durulmasi gereken bir baska konu da PEG’in se-
cilen ¢ozelti igerisinde diisiik bir ¢oziliniirliige sahip olmasi
gerekliligiydi.*!

Bu ufalanabilen asitten arinmis ahsaplara en uygun saglam-
lagtirma isleminin uygulandigindan emin olmak icin de-
neyler yapilmstir. Farkli saglamlastiricilar, konsantrasyon-
lar ve ¢ozelti karigimlari test edilerek yapilan iglemin basart
derecesi Orneklerin ylizey pH degerlerini, agirliklarini,
boyutsal ve renk degisikliklerini inceleyerek saptanmustir.
En etkili saglamlastirma yonteminin n-butanol iginde %10
(w/v) polivinilpirrolidon (PVP) ile vakum emdirme oldugu
saptanmistir. Bu islem, boyutlarda, agirlikta ve ortalama
yiizey pH degerinde en diisiik seviyede degisikliklerle ba-
sar1l1 bir sekilde FO kodlu ahsaba uygulanmstir (Fig. 20).
Saglamlastirma islemi sonrasinda ahgabin hafifliginde ve
sari-kirmizi renginde bir azalma olusmustur (Fig. 21).2
Saglamlagtirilan ahsaplarin rekonstriiksiyonda kullanilan
diger ahsaplarin rengine daha yakin olmasini saglamak,
biraz kozmetik destek vermek, ayrica sergi galerisindeki
bagil nemde olusabilecek degisikliklerin zararli etkileri-
ni minimuma indirmek i¢in, ahsaplar etanol i¢inde hafif
renk verilmis %40 (w/v) PEG 3350 ile kaplanmistir. Bu
PEG kaplama uygulamasmim ayni zamanda ¢eker ocakta
aylarca gaz ¢ikisi yapildiktan sonra bile keskinligini kay-
betmeyen kalinti n-butanol kokusunu azaltmaya da faydasi
dokunmustur. Bu saglamlagtirma siirecinin neden oldugu
bazi sorunlar bulunsa da, sonuglari estetik acidan hosnutluk
vericiydi ve sergileme salonu kosullarinda yillar boyunca
sergilenen ahsabin yiizeyi stabil durumunu korumaktadir.®

38 NAHKLA 1986, 38-44.
39 RICHARDS 1990, 35-53.
40 NAHKLA 1986, 38-44.
41 RICHARDS 1990, 35-53.
42 RICHARDS 1990, 35-53
43 RICHARDS 1990, 35-53

TINA

In addition, the consolidant should not discolour with
age, have at least short-term reversibility, be non-toxic,
relatively inexpensive and readily available.’® Most
importantly, the consolidant needed to be compatible
with the PEG present in the wood structure from the
previous conservation treatments. PEG treated wood
presents an adhesion problem. Industrially, PEG treated
wood is adhered with resorcinol glues or epoxy resins
but only after most of the PEG in the adhesion region
has been extracted with a non-aqueous solvent. Here,
the issue of the consolidant’s compatibility with the
PEG became vitally important.*

Similarly, the solvent for the consolidation treatment
needed to dissolve the consolidant at room temperature
in a range of suitable concentrations, not dehydrate the
wood, have a relatively high boiling point to allow deep
penetration of the consolidant into the wood and ideally
be non-toxic and safe to handle.*’ Another consideration
was that PEG should possess a low solubility in the
chosen solvent.*!

Experiments were carried out to ascertain the most
appropriate consolidation treatment to apply to these
friable deacidified timbers. Different consolidants,
concentrations and solvent mixtures were tested with
the success of the treatment determined by examining
the surface pH values, weights and the dimensional
and colour changes of the samples. The most effective
consolidation method was vacuum impregnation with
10 % (w/v) polyvinylpyrrolidone (PVP) in n-butanol.
This treatment was successfully applied to timber FO
(fig. 20), with minimal changes in dimensions, weight
and the average surface pH. There was a decrease in
the lightness and yellow-red colour of the timber after
consolidation (fig. 21).#

In order that the consolidated timber more closely
matched the colour of the other timbers on the
reconstruction, the timber was coated with tinted 40%
(w/v) PEG 3350 in ethanol to offer some cosmetic
assistance and to also minimise the detrimental effects
of any future changes in relative humidity in the display
gallery. The application of this PEG coating also
assisted in reducing the residual n-butanol odour, which
was pungent even after months of off-gassing in a fume
cupboard. Despite some of the issues associated with
this consolidation process the results were aesthetically
pleasing and the wood surface remains stable after many
years on display in the gallery environment.*

38 NAHKLA 1986, 38-44.
39 RICHARDS 1990, 35-53.
40 NAHKLA 1986, 38-44.
41 RICHARDS 1990, 35-53.
42 RICHARDS 1990, 35-53
43 RICHARDS 1990, 35-53
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Fig. 20: Saglamlastirmadan once asitten arindiriimis
Batavia ahsabi (F0).

Fig. 20: Deacidified Batavia timber (FO) before
consolidation.

KOZMETIK ISLEM

Asitli Batavia ahsaplarina daha 6nce uygulanan asitten
arindirma ve saglamlagtirma iglemleri rekonstriiksiyo-
nun dayanikliligim etkili bir sekilde artirmakla birlikte,
sergilemede acilen bazi iyilestirmeler yapilmasi gerek-
liydi (Fig. 22). Kirik ahsaplari tamir etmek icin tutkal-
larla ve ¢ok bilyiik, goriiniir haldeki testere kesiklerini
kaplamak i¢in dolgu ¢ozeltileriyle yeniden insa tizerin-
de deneyler yaptiktan sonra, en basarili yapistiricinin
etanolde %75 (w/v) polivinilpirolidon (PVP) ve en uy-
gun dolgu malzemesinin etanolde %90 PEG 3350/10%
PVP (w/w) pigmentli macunu oldugu kesinlesmistir.*
Cozeltiler PEG ile emdirilen ahsaplarla uyumlu oldu-
gundan alternatif yontemlerde oldugu gibi yapistirilan
veya doldurulan boliimlerdeki PEG’i uzaklastirmaya
gerek kalmamistir. Cozeltiler giiclendirmekle birlikte
biraz hareket etmelerine izin verecek ve kirllmalari en-
gelleyecek sekilde goreceli olarak esneklik saglamistir.
Diger avantajlar pigmentlerin dolguya eklenebilme-
si, boylece renk uyumunun saglanabilmesi, hepsinden
onemlisi de her iki iglemin de tamamen tersine ¢evrile-
bilir olmasidir. Cozeltiler rekonstriiksiyonda 2000 y1lin-
dan itibaren uygulanmaya baslamig olup, tamir edilen,
pigmentle rengi uyumlandirilan ve doldurulan bolgele-
rin dayanikliliginda giiniimiize kadar bir degisiklik ol-
mamustir. Ki¢ béliimiine dogru olan daha iyi korunmus
durumdaki gri siyah ahsaplarla uyum saglayabilmeleri
icin dogrudan dolgulu bdlgelerin 6n tarafindaki kirmi-
zi-kahverengi renkli dis kaplamalarina pigmentli PEG
3350/etanol ¢ozeltileri uygulanmistir (Fig. 23). Bu son
islem Batavia’nin sergideki estetik goriiniimiinii 6nemli
olgtide iyilestirmistir.

44 RICHARDS 2002, 12-13
45 RICHARDS 2002, 12-13
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Fig. 21: PVP ile saglamlastirmadan sonra asitten
arindirilmis Batavia ahsabi (FO).

Fig. 21: Deacidified Batavia timber (FO0) after
consolidation with PVP.

COSMETIC TREATMENT

Although past deacidification and consolidation of
acidic Batavia timbers had effectively stabilised
the reconstruction, the display remained in urgent
need of some aesthetic improvements (fig. 22). After
experimenting with different adhesives for repairing
broken timbers and filling solutions for covering the
very large, visible saw cuts on the reconstruction it was
ascertained that the most successful adhesive was 75%
(w/v) polyvinylpyrrolidone (PVP) in ethanol and the
most appropriate filler was a pigmented paste of 90%
PEG 3350/10% PVP in ethanol (w/w).*

As these solutions are compatible with PEG impregnated
timbers there is no need to remove the PEG in the
sections to be adhered or filled, unlike with alternative
methods. The solutions imparted strength but remained
relatively flexible to allow some movement and avoid
disbondment. Other advantages are that pigments may
be added to the filler for colour matching and more
importantly, both treatments are totally reversible. The
solutions were applied to the reconstruction in 2000 and
the repairs and pigmented, filled areas remain stable
to the present. Pigmented PEG 3350/ethanol solutions
were applied directly to the exterior red-brown planking
forward of the filled areas so that they matched the better
preserved grey black timbers towards the stern section
(fig 23). This final treatment significantly improved the
aesthetic appearance of the Batavia display.*

44 RICHARDS 2002, 12-13
45 RICHARDS 2002, 12-13



Fig. 22: Yeniden insa edilmis geminin pruva ve kic1 arasindaki
renk farkliliklariyla ¢iplak gozle goriinebilen testere kesikleri.
Fig. 22: Visible saw cuts and the colour difference between
the forward and rear sections of the reconstruction.

MEVCUT CEVRE KOSULLARI

Sergi salonunda bagil nem ayar noktas1 %55 olacak sekil-
de azaltilmasina ragmen, ne yazik ki, yeniden insa edilen
govdede ufak capta asit salimlart meydana gelmeye de-
vam etmistir. Bu durum genellikle teknolojisi zamaninin
gerisinde kalan iklimlendirme tesisatinin bozulmalarini
takip eden aylarda ortaya ¢ikmustir. Tamir i¢in miidahale
etme siiresi siklikla 48 saati agtigindan, sergi salonundaki
bagil nem bu doénemlerde siirekli olarak %60’ iizerine
cikmugtir. 2002 yilinda iklimlendirme tesisati degistiri-
lerek bagil nem ayar noktasi miidahale siiresindeki bir
gecikme olasiligma karst %52’ye indirilmistir. Yiiksek
bagil nem alarmi1 %59 olarak ayarlanmistir ve herhangi
bir bozulmanin 6nceligi yeniden degerlendirilerek bina
yonetimi mevzuatinda “Oncelik 0” olarak siniflandiril-
mustir, bu sekilde iki saatin altinda bir miidahale siiresi
giivence altina alinmigtir. Buna ek olarak uzun siireli yiik-
sek bagil neme maruz kalmanin 6nlenmesi i¢in, iki biiyiik
taginabilir nem alict {inite satin alinarak bir bozulma anin-
da i¢inde bulunan nem alicilara destek vermesi i¢in dog-
rudan iklimlendirme sistemindeki ortam havasi giriginin
hemen yanina yerlestirilmistir. Bu yaklagimin Batavia‘nin
rekonstriiksiyonu sirasinda ortaya ¢ikan asit olusumu so-
runlarint hemen hemen tamamiyla giderdigi goriilmiistir.

Fig. 23: Testere kesiklerine dolgu ile ahsaplarin renk uyumu igin
pigmentli PEG 3350 nin uygulanmasi.

Fig. 23: The saw cuts filled and the pigmented PEG 3350
being applied to the colour match the timbers.

PRESENT ENVIRONMENTAL CONDITIONS

Unfortunately, despite reducing the RH set point in
the gallery to 55 %, small acidic outbreaks continued
to occur on the reconstructed hull. These generally
occurred in the months following breakdowns in the
outdated air conditioning plant. With the response time
for repair often greater than 48 hours, the RH in the
gallery regularly increased to more than 60% during
these periods. In 2002, the air conditioning plant was
replaced and the RH set point was lowered to 52% to
allow for any lag in response time. The high RH alarm
was set at 59% and any breakdowns were reclassified
as a Priority 0 building management issue, ensuring a
response time of less than two hours. In addition, to
avoid extended periods of high RH exposure, two large
portable dehumidification units were purchased and
placed directly adjacent to the ambient air intake in the
air conditioning plant to assist the inbuilt dehumidifiers
during any breakdown. This approach seems to have
almost totally alleviated the acid formation problems on
the Batavia reconstruction.
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GELECEKTEK] ARASTIRMALAR

Asit olusumunun nedenleri ve bunun iyilestirilmesi i¢in
yapilan aragtirmalar yillarca devam etmistir; ancak bu
alanda yapilan ¢aligmalar 2000 yilinda Vasa batiginda
asidin neden oldugu bozunmalar goriilmeye basladigin-
da hayli artig gostermistir. Mevcut arastirma sonuglarina
dayanarak, asit olusumunun kimyasi1 genellikle iyi an-
lasilmustir ve eserlerin tek tek asitten arindirilmasi igin
basarili oldugu kanitlanan birkag yontem bulunmakta-
dir. Ne yazik ki, biiyiik dl¢ekli rekonstriiksiyonlarda asit
salimlarin1 gidermek i¢in uygulanan prosediirler, 6ze-
likle ahsaplarin islem icin yerinden ¢ikarilmasimnin im-
kansiz oldugu yerlerde, ¢ok fazla {imit vermemektedir.
Dolayisiyla, su anda PEG uygulanan ahsaplarda izole
edilen asidik yayilmalara karsi farkli in situ islemler ko-
nusunda ¢alismalar yapilmaktadir.*e Bu ¢alismalar Vasa,
Mary Rose ve Shinan batiklarinda oldugu gibi ahsapla-
rin teker teker sokiilerek laboratuarlara tagimnamayacagi
durumlarda dogrudan fayda saglayacaktir.

Alternatif emdirme ve saglamlagtirma programlart ko-
nusunda yapilan arastirmalara ragmen, PEG emdirme
halen suya doymus ahsaplarda en yaygin olarak kullani-
lan uygulama yontemidir. PEG ile islem goren ahgaplar-
da konservasyon sonrasi ortaya ¢ikacak olan sorunlari
en aza indirmek i¢in, bozunma siireclerinin kinetigini,
islem goren ahsaplardaki oksijen tiiketim oranini, aga-
cin yapisinin kararlilik durumunu saglamak i¢in gerekli
demir miktarin1 azaltmanin sinirlarini ve bozunmanin
devamini en aza indirmek icin gerekli optimal ortam
kosullarini aragtirmaya devam etmenin 6nemi ¢ok bii-
yiiktiir. Bunlara ilaveten ¢ikarma ve konservasyona al-
ternatif olarak suya doymus ahsabin in situ etkili uzun
stireli korunmasi igin daha iyi protokollerin ve kilavuz-
larin olugturulmasi gereklidir.*’” Daha iyi uygulama ve
emdirme yontemlerinin gelistirilinceye kadar, PEG ile
islem goren ahsaplarm uzun siireli korunmasmda pif
noktas1 bu ahgaplari depolanmasi esnasinda bagil ne-
min ve sergileme ortaminin dikkatli sekilde kontrol al-
tia alimasidir.

46 RICHARDS vd. 2019.
47 GODFREY vd. 2011, 697-713
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FUTURE RESEARCH

Research into the causes of the acid formation and
treatments for amelioration have continued over the
years, but activity in this area increased considerably
from 2000 when the Vasa shipwreck began to show
signs of acid deterioration. Based on the current research
outcomes, the chemistry of acid formation is generally
well understood and there are a number of treatments
that have proven successful in deacidifying individual
artefacts. Unfortunately, procedures to ameliorate acid
outbreaks on large scale reconstructions, especially
where it is not possible to remove individual timbers for
treatment, have been less promising. Hence, different
in-situ treatments of isolated acidic outbreaks on PEG
treated timbers are currently being investigated.* This
will be of direct benefit in situations where it is not
possible to remove individual timbers for treatment in
the laboratory such as the Vasa, Mary Rose and Shinan
shipwrecks.

Despite research into alternative impregnation and
consolidation regimes, PEG impregnation is still the
most widely used treatment method for waterlogged
wood. In order to minimise the post conservation
problems associated with PEG treated timbers, it is
critical that research continue to examine the kinetics of
deterioration processes, the rate of oxygen consumption
in treated timbers, the extent of iron removal needed
to stabilise wood and the optimum environmental
conditions required to minimise continuing degradation.
In addition, the development of better protocols and
guidelines for the effective long-term preservation of
waterlogged wood in-situ are required as an alternative
to recovery and conservation.*’ Until better treatment
and impregnation methods are developed, the key
to long-term preservation of PEG-treated timbers is
careful control of the RH in the storage and display
environments of these timbers.

46 RICHARDS et al. 2019.
47 GODFREY et al. 2011, 697-713
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0ZET

H.L. Hunley denizaltisi, Amerikan ¢ Savasi sirasindaki
deniz savasi anlayisimizi yeniden sekillendiren 6nemli
bir arkeolojik bulgudur. Savasta bir diisman gemisini
batiran ilk dalabilen gemi olan H.L. Hunley, hem deniz
teknolojisinde hem de tarihte bir kilometre tasini temsil
ediyor. Cikarilldig1 tarih olan 2000 yilindan bu yana,
konservatdrler, arkeologlar ve ¢esitli arastirma uzmanlari
bu essiz gemiyi daha iyi anlamak i¢in denizaltida kazi,
belgeleme, konservasyon ve inceleme caligmalari
yaptilar. Bu makalede H.L.Hunley iizerinde yapilan
bilimsel caligmalar tartigilarak son yirmi yilda yapilan
aragtirma ve konservasyon calismalarinin bazilari
tizerinde durulacaktir.

ABSTRACT
The H.L. Hunley submarine is a significant
archaeological find that has reshaped our

understanding of naval warfare during the American
Civil War. As the first submersible vessel to ever sink
an enemy ship in battle, H.L. Hunley represents a
milestone in both naval technology and history. Since
its recovery in 2000, conservators, archaeologists,
and various research specialists have excavated,
documented, conserved, and studied the submarine
in an attempt to better understand this unique vessel.
This paper will discuss the scientific work that has
been conducted on H.L. Hunley, and highlight some
of the research and conservation that has taken place
over the past two decades.
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GIRIS

Temmuz 1863 tarihinde Alabama eyaletinin Mobile
kentinde insa edilen H.L. Hunley denizaltisi, Horace
L. Hunley, James McClintock ve Baxter Watson
onderligindeki bir grup tarafindan tasarlanan bir dizi
geminin sonuncusudur. Dovme ve dokme demirden
yapilmis govdesi yaklasik 12,2 m uzunlugunda ve 1,3
m yiksekligindeydi, maksimum genisligi ise 1,1 m
idi. Miirettebatin erisimi ve lombozlar1 i¢in merkezi
miirettebat bolmesinin basinda ve kiginda iki ambar
kapagi veya kaptan koskii yer aliyordu. Geminin
miirettebati, pervaneye giic vermek i¢in bir el kranki
ceviren yedi adam, kaptan ve bir seyir subaymdan
olusuyordu.! H.L. Hunley Agustos 1863’te Charleston,
Giiney Carolina’ya (SC) gonderilerek Birligin Giiney
Atlantik Abluka Filosu’nun limani kusatmasina karsilik
verme hazirliklarina bagladi. Denizaltinin test sirasinda
iki kez batmasma ve sonraki birka¢ ay i¢inde birgok
aksilik yasamasina ragmen, bir spar monte torpido
sistemi ile donatilmig olan gemi, 1864 baglarinda
Tegmen George E. Dixon komutasinda saldiriya
gecmeyi basarmist.

17 Subat 1864 gecesi, kiiciik, demir govdeli denizalt:
H.L. Hunley Giiney Carolina’nin Charleston kenti
yakinlarindaki rihtimindan ayrilarak Konfederasyonun
liman kenti Charleston’1 abluka altina alan bir ABD
Donanmasi filosuyla carpigmak iizere denize agildi.
Denizalti, USS Housatonic adli buharli salupa tipi savas
gemisine saldirarak batirmadan once yaklasik olarak
dort mil katetmisti, bOylece tarihte savag sirasinda
bir diisman gemisini batiran ilk denizalti unvanini
kazanmis oldu.? Ancak H.L. Hunley kiyiya dénmeyi
bagaramadi, nihai kaderinin ne oldugu sonraki 136 yil
boyunca bilinmiyordu.

1 ALEXANDER 1902
2 Saldirtyla ilgili daha ayritili bilgi igin SCAFURI vd. 2014
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INTRODUCTION

The H.L. Hunley submarine was constructed in
Mobile, Alabama in July of 1863. It was the last in a
series of vessels designed by a group led by Horace
L. Hunley, James McClintock, and Baxter Watson.
Constructed of wrought and cast iron, the hull was
approximately 12.2 m long and 1.3 m high, with a
maximum breadth of 1.1 m amidships. Two hatches
or conning towers were located forward and aft of
the central crew compartment for crew access and
viewing ports. The crew of the vessel included seven
men turning a hand crank to power the propeller and
one man acting as captain and navigator.! H.L. Hunley
was shipped to Charleston, South Carolina (SC) in
August of 1863 and began preparing to break the
blockade of the harbor by the Union’s South Atlantic
Blockading Squadron. Although the submarine sank
twice during testing and suffered numerous setbacks
over the next few months, the vessel, equipped with a
spar-mounted torpedo system, was able to mount an
attack, under the command of Lt. George E. Dixon in
early 1864.

On the night of February 17, 1864, the small, iron-
hulled submarine H.L. Hunley left its dock near
Charleston, SC and moved out to sea to engage
a US Navy fleet blockading the Confederate port
city of Charleston, SC. The submarine traveled
approximately four miles before attacking and
sinking the steam sloop-of-war USS Housatonic,
becoming the first submarine in history to sink an
enemy ship in combat.? H.L. Hunley, however, failed
to return to shore and its ultimate fate was unknown
for the next 136 years.

1 ALEXANDER 1902.
2 For further details of the attack see SCAFURI et al. 2014.
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CIKARMA VE STABILIZASYON

1995 yilinda H.L. Hunley, Ulusal Sualti ve Deniz
Ajansi’'ndan (NUMA) bir arastirma ekibi tarafindan
Housatonic  enkazinin yaklastk 300 m uzaginda
kesfedilmistir. Bu kesif, gemiyi ¢ikarma girisimine
yol agmustir (Fig. 1).

HL Hunley denizaltisinin ¢ikarilmasi, Milli Park
Servisi’'nin  Batik Kaynaklar Merkezi (SRC),
Denizcilik Tarihi ve Mirast Komutanlhigt (NHHC),
Giiney Karolina Arkeoloji ve Antropoloji Enstitiisii
(SCIAA) ve Giiney Karolina Arsiv ve Tarih Boliimil
(SCDAH) dahil olmak iizere cesitli eyalet ve federal
kurumlardan arkeologlar ve dalgiclarin  katildig:
ortak bir cabanin {iriiniidiir. Bu c¢alisma NHHC,
South Carolina Hunley Komisyonu ve Friends of the
Hunley, Inc.® yonetiminde gerceklestirilmistir. H.L.
Hunley, 8 Agustos 2000 tarihinde denizden ¢ikarilarak
konservasyon ve analiz igin North Charleston’daki
Warren Lasch Konservasyon Merkezi’ne (WLCC)
tagmmustir (Fig. 2).

3 CONLIN 2005; MURPHY 1998; NEYLAND - BROWN 2016

RECOVERY AND STABILIZATION

In 1995, H.L. Hunley was discovered approximately
300 m. away from the wreck of Housatonic by a survey
team from the National Underwater and Marine agency
(NUMA). This discovery lead to an initiative to recover
the vessel (Fig. 1).

The recovery of H.L. Hunley was a collaborative effort
involving archaeologists and divers from various state
and federal agencies including the National Park Service’s
Submerged Resources Center (SRC), the Naval History
and Heritage Command (NHHC), the South Carolina
Institute of Archaeology and Anthropology (SCIAA),
and the South Carolina Department of Archives and
History (SCDAH). This work was conducted under
the direction of the NHHC, the South Carolina Hunley
Commission, and Friends of the Hunley, Inc.® H.L.
Hunley was raised on August 8, 2000 and transported
to the Warren Lasch Conservation Center (WLCC) in
North Charleston for conservation treatment and analysis
(Fig. 2). The subsequent treatment and archaeological
investigation of the submarine involved the complete
excavation of its interior, the documentation of the
vessel’s hull and artifact assemblage, and the initiation
of a comprehensive plan to stabilize and conserve the
artifacts and hull of H.L. Hunley.

3 CONLIN 2005; MURPHY 1998; NEYLAND - BROWN 2016.

Fig. 1: H.L.Hunley denizalt1 ¢ikarilmadan
once batik alanindaki kazi. Dalgig 6n

kaptan kopriisii, ambar kapagi ve koprii
mahmuzunun yaninda. ©Friends of the
Hunley.

Fig. 1: H.L.Hunley submarine site excavation
before being raised. Diver next to the forward
conning tower, hatch and forward cut water.
©Friends of the Hunley.

Fig. 2: Hunley denizaltis1 destek iskeleti ile ¢ikarilirken. Hunley

bir mavnaya yerlestirilerek nehir tagimaciligi yoluyla Warren Lasch
Konservasyon Merkezine gotiiriilmiistiir. ©Friends of the Hunley.

Fig. 2: Hunley submarine being raised with its support truss. The Hunley
was placed on a barge and transported by river to the Warren Lasch
Conservation Center. ©Friends of the Hunley.



Bunu takip eden iglemler ve denizaltiyla ilgili yapilan
arkeolojik caligmalar, iginde yapilan kazi ¢aligmasini,
geminin govdesi ve buluntulardaki malzeme grubunun
dokiimantasyonunu ~ ve H.L. Hunley’'nin go6vdesi
ve buluntularinin saglamlastirilarak korunmasi igin
kapsamli bir planin baslatilmasini igermektedir.
WLCC’ye getirilen denizalti, o6zellikle geminin
konservasyonu ve su sogutucu havuz ve su dolasimi
sistemiyle biyolojik olusumlar1 engelleyen bir su
sicakligini korumasi igin tasarlanmis 50 tonluk celik bir
havuza yerlestirilmistir (Fig. 3). Havuzun tasarimi ve
ingasi, bosaltma ve doldurma siralamasini kontrol eden
otomatik bir sistem igermekteydi. Bu da kazi sirasinda
denizaltiy1 gerektiginde su altinda tutabilme esnekligini
saglamigtir. Bosaltildiginda su binanin diginda bulunan
5 adet 56,000 litrelik fiberglas karigtirma havuzuna
aktarilmigtir. Bu havuzlar giin icerisinde denizalt:
lizerinde calisma yapilirken havuzdaki suyun gegici
olarak depolanmasina, giin sonunda ise igerisinde
Hunley denizaltisinin bulundugu havuza yeniden
pompalanmasina olanak saglamistir.* Coziinen oksijen
diizeyi, pH, su sicaklig, su seviyesi, iletkenligi, oksijen
azalma potansiyeli ve elektrokimyasal parametrelerini
iceren Hunley havuzundaki su kalitesi, siirekli olarak
izlenmistir.

Govdenin kazanilarak metalin daha fazla paslanmaya
maruz kalmasini onlemek icin ekip igerisinde
degisik alternatifler tartisilarak krozyon biliminden
farkli uzmanlarin goriisleri alinmustir.  Hunley’nin
biinyesindeki organik maddelerle denizaltinin iginde
bulunanlara biiyiikk ol¢lide zarar verebileceginden,
denizaltinin kazilmasi sirasinda sodyum karbonat
veya sodyum hidroksit gibi kimyasal ¢ozeltiler
kullanilamamigtir. Bununla birlikte, hem uygun hem
de esnek olacak ve denizaltidaki insan kalintilarina
veya buluntulara zarar vermeyecek bir katodik koruma
sistemi bulunmustur. Denizalt1 suyun altindayken akim
verilmig, calisma sirasinda akim kesilmistir. Sistem,
denizalt1 i¢in diizenli koruma saglayan dnceden delinmis
PVC borularda gbvdeye paralel yonlendirilmis iki adet
40 fit uzunlugunda anot segmentinden olusur. Katodik
koruma seviyelerini izlemek ve buna gore ayarlamalar
yapmak i¢in kalic1 olarak doymus alti adet glimiis/glimiis
kloriir referans hiicre gévde boyunca konumlandirilir.
Bir dogrultucuyla, anotlarin ¢ikist kontrol edilir.’

4 MARDIKIAN 2004
5 MARDIKIAN 2004
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Once at the WLCC, the submarine was placed in a 50-
ton steel tank filled with water specifically designed to
conserve the vessel and to maintain a cooler temperature
for the prevention of biological growth with the use of
tank chillers and a water recirculation system (Fig. 3).
The design and construction of the tank included an
automated system that would control the draining and
filling sequences of the tank. This allowed flexibility
during the excavation and would keep the submarine
submerged when needed. When drained, the water was
transferred into five 56,000 It. fiberglass mixing tanks
located outside the building. These tanks provided
temporary storage for tank water while the submarine
was exposed during daily work and allowed the solution
to be pumped back into the Hunley tank at the end of each
day.* The water quality in the Hunley tank, including
levels of dissolved oxygen, pH, water temperature,
water level, conductivity, oxygen reduction potential,
and electrochemical parameters were  constantly
monitored.

In order to stabilize the hull and prevent further
corrosion of the metal, several alternatives were
discussed between the team and various experts in
corrosion science. Chemical solutions such as sodium
carbonate or sodium hydroxide could not be used
during the excavation of the submarine, as they could
greatly damage the organic materials and contents of
Hunley. A cathodic protection system, however, was
found that would be both convenient and flexible, and
would not damage the human remains or artifacts still
within the submarine. The current could be turned on
while the submarine was submerged and turned off
during work. The system consists of two 40-foot long
anode segments oriented parallel to the hull in pre-
drilled PVC pipes that provide uniform protection
for the submarine. To monitor the cathodic protection
levels and to make adjustments accordingly, six silver/
silver-chloride permanently-saturated reference cells
were positioned along the hull. A rectifier would
control the output of the anodes.’

4 MARDIKIAN 2004
5 MARDIKIAN 2004
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Fig. 3: Denizalti konservasyon havuzunda.
Iskelet denizaltiyr bulundugu sekilde 45 derece
acida tutmus, kazi ve rotasyon siireglerinde stabil
bir destek saglamistir. ©Friends of the Hunley.
Fig. 3: Submarine in its conservation tank. The
truss kept the submarine’s at at 45 degree angle
as it was found, and provided a stable support
during the excavation and rotation processes.
©Friends of the Hunley.

KAZI

2001°de baslayan denizaltinin i¢ kisminin kazisi
hem arkeoloji hem de koruma ekiplerinin ortak
calismasindan olustu. i1k inceleme, geminin i¢ kisminin
neredeyse tamamen tortu ile dolu oldugunu ortaya
cikardi, bu da hem eserlerin hem de denizaltinin
govdesi ve bilesenlerinin iyi korunmus olabilecegine
isaret ediyordu. I¢ kazi, bu acikliklardan erisime
izin veren birka¢c govde plakasinin kaldirilmasiyla
hizlandirilmistir.  Kazi, denizaltinin gévdesinin sinirh
yapisi nedeniyle gerektiginde hafif sapmalar ile 1zgara
modelini izleyerek diizenli katmanlar halinde devam
etmistir (Fig. 4).

BLOKLAR HALINDE CIKARMA

Kazi sirasinda buluntu ve insan kalintilari ortaya
cikarildigindan diizenli kazi prosediirleri izlenerek,
her buluntu teker teker ortaya ¢ikarilmis, belgelenmis
ve karaya g¢ikarilmistir. Ancak, bu uygulama, c¢ogu
zaman ayri ayri cikarilamayacak derecede narin bir
durumda oldugu saptanan tayfalarin giysilerine ait
olan tekstil {irlinlerinin bir ¢ogu igin uygun degildi.
Geminin komutanm Tegmen George Dixon kalintilarinin
bulundugu denizaltmin  6n  bdlimiinde  tekstil
iiriinleri klasik yontemlerle kazilamadi. Miirettebat
kompartimaninin bu béliimiinde, bolgenin ¢ok erken
bir zamanda tortuyla kaplanmasiyla sonuglanan
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Fig. 4: Arkeolog ve konservatorler denizaltinin tabanini kazarken.
Tamamen ¢okeltiyle dolan denizaltidan bu ¢okeltiler 1zgara sistemi yoluyla
dikkatle ¢ikarildi. ©Friends of the Hunley.

Fig. 4: Archaeologists and conservators excavating the bottom of the
submarine. The submarine was completely filled with sediment that was
carefully removed following a grid pattern. ©Friends of the Hunley.

EXCAVATION

Beginningin 2001, excavation of the submarine’s interior
involved the collaborative work of both archaeological
and conservation teams. Initial examination revealed
that the interior of the vessel was almost entirely
filled with sediment, indicating the potential for good
preservation of both artifacts and the submarine’s hull
and components. Access during the interior excavation
was facilitated by the removal of several hull plates. The
excavation proceeded in regular layers following a grid
pattern, with some deviation when necessary due to the
restricted nature of the submarine’s hull (Fig. 4).

BLOCK-LIFTING

During the excavation, as artifacts and human remains
were uncovered, regular excavation procedures were
followed, with each artifact uncovered, documented
and recovered individually. This practice, however, was
not suitable for many of the textiles belonging to the
garments of the crew, as they were often found to be too
fragile to be lifted separately. In the forward section of
the submarine in which the commander of the vessel Lt.
George Dixon remains were located, the textiles could
not be excavated by conventional means. This section
of the crew compartment was found to have an early
hull breech that resulted in the area being covered by
sediment very early in the infiling process.



erken bir govde catlagina sahip oldugu saptandi. Bu
boliimdeki buluntularmn ve insan kalintilarinin iyi
durumda korunmus olmasi nedeniyle®, Dixon’in bedeni
eklem yerleri yar1 korunmus durumda, giysilerinin
biiyiik bir kismi iskeletinin {izerinde ve gevresinde
tespit edilmistir’ (Fig. 5). Suya doygun kumaslarin
ilk kalintilar1 ortaya ¢iktiginda bunlarin iskelet
kalintilarindan ayrilamayacak derecede hassas olduklari
anlagilmigti. Kumagin bozulmus durumu, kaptanin
denizalt1 igerisindeki bedeninin durumu ve bu alanmn
arkeolojik 6nemi nedeniyle Dixon’un kalintilar1 yedi
blok halinde ¢ikarilmig (kiitle kaldirma) olup,® boylece
daha kontrollii bir laboratuvar ortaminda kazisinin
yapilmast miimkiin olmustur.

Konservasyon uzmanlar1 ahsap aletlerle tortuyu
yoklayip, biiylik buluntularin ve kemik kiimelerinin
kenarlar1  bloklarin  simirin1  olugturacak  sekilde
boliimlere ayirarak hazirhk yapmistir. Arkeologlar,
lazerle izlenen noktanin kullanildigi bir dl¢lim
sistemiyle denizalt1 icindeki kaldirilacak her bir blogun
konumunu haritalandirmigtir. Sonra bloklarin her biri
digerlerinden dikkatle ayrilarak analiz laboratuvarina
tasnmustir. Iki ekibin toplamda cikardigi blok sayis
49’dur, bunlardan yedisi Yiizbasi Dixon’mn kalmtilari,
16’s1 da tayfanin deri pabuglarindan olusuyordu. Kalan
bloklar, icinde bulundugu tortul tabaka tabaniyla birlikte
cikarilmasi gereken kumas giysiler ve asiri derecede
narin  buluntulardan  olusuyordu. Laboratuvarda
konservasyon uzmanlari her bir kemik ve buluntunun
konumunu belirlemek i¢in blok halinde ¢ikarilan her
partiyi rontgen 1ginlartyla taramistir (Fig. 6).

6 RENNISON vd. 2015
7 RIVERA vd. 2010
8 RIVERA vd. 2009
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Because of the good preservation of the artifacts and
human remains in this area®, Dixon’s body was found to
be in a semi-articulated state with a significant portion
of his garments still located on and around his skeleton
(Fig. 5). 7 Once the first remnants of waterlogged textiles
were exposed, it was clear that they were too fragile to
be separated from the skeletal remains. Because of the
degraded state of the textile, the position of his body
within the submarine, and the important archaeological
context of this area, Dixon’s remains were removed in
seven ‘block-lifts’® in order to excavate them in a more
controlled laboratory setting.

Conservators prepared the block-lifts by probing the
sediment using wooden tools and dividing the blocks
along the edges of major artifact and bone clusters.
Archaeologists mapped the position of each block-
lift within the submarine using a laser-tracking point
measurement system. Each block was then carefully
separated and transported to the analytical lab. Both
teams removed a total of 49 block-lifts, including seven
from Lt. Dixon’s remains, and 16 for the leather shoes
of the crew. The remaining block lifts were textile
garments and extremely fragile artifacts that needed to
be removed in their sediment matrix.

While in the laboratory, conservators x-rayed all the
block-lifts (Fig. 6) to identify the location of each bone
and artifact.

6 RENNISON et al. 2015
7 RIVERA et al. 2010
8 RIVERA et al. 2009

Fig. 5: Yiizbas1 George Dixon’in
denizaltinin 6n boliimiinde bulunan iskelet

kalintilar1. Kalintilar yar1 korunmus
durumda iizerleri kumagla kapanmig olarak
bulundu. ©Friends of The Hunley

Fig. 5: Lt. George Dixon’s skeletal remains
located in the forward section of the
submarine. His remains were found semi-
articulated with textile draped over him.
©Friends of The Hunley

Fig. 6: Yiizbasi George Dixon’in belden yukarisinin rontgen goriintiileri. Resimde
denizaltidan ¢ikarilmasindan sonra 36 ve 37 no’lu blok gruplar goriiliiyor. Bir cep
saati, bir ¢aki, pantolon askisi kopgalari ve diigmeler gibi buluntular tanimlanmustir.
©Friends of The Hunley

Fig. 6: X-ray of Lieutenant George Dixon’s torso. The image shows block lift 36 and
37 after removal from the submarine. Artifacts such as a pocket watch, a pocket knife,
suspender buckles, and buttons were identified. ©Friends of The Hunley
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Denizcilik Arkeolojisi Dergisi

Fig. 7: Cokeltilerin ¢ikarilmast i¢in Yiizbast Dixon’mn blok
grubunda sirimgalarla ve bir hortumla yapilan su alt1 kazis.
©Friends of The Hunley

Fig. 7: Underwater excavation of Lt. Dixon’s block lift
using syringes and a hose to extract the sediment. ©Friends
of The Hunley

Buna ek olarak, blogun bir havuzda suyun igerisine
batirilarak ¢okeltinin  dikkatle uzaklastirildigi  bir
daldirma teknigi uygulanmistir (Fig. 7). Su dolu bir
siringayla nazik bir sekilde su akigi uygulanarak blogun
yiizeyindeki ¢okelti yerinden oynatilarak kii¢iik bir
vakumlama hortumuyla g¢ekilmistir.” Bu yontem tiim
buluntu ve insan kalintilarinin saglam bir sekilde geri
kazanilmasina olanak saglamistir (Fig. 8).

Miirettebat  kabininde 2003  yilmm  sonunda
gerceklestirilen kazinin biiyliik bir boliimii yiizlerce
iskelet kalintisi, 3.500°(in {izerinde buluntu ve
denizaltinin lizerinden uzaklagtirilan 10.000 kilogramin
lizerinde ¢okeltiyle tamamlanmigtir. Smithsonian
Enstitiisti’nde caligan adli antropologlar ve osteologlar
H.L. Hunley miirettebatinin kalintilarinin kazilmast,
belgelenmesi ve analizinde dnemli yardim saglamistir.
Insan kalintilarinin  belirlenmesi, kaydedilmesi ve
kaldirilmasmin yani sira insan kalintilari igeren her
blogun incelenmesi ve kaydedilmesi yoluyla arkeolojik
caliymaya kritik destek saglamislardir.  Ayrica
miirettebatin  kalmtilarinin  kapsamli  bir osteolojik
analizini gergeklestirerek kafatasi replikalar1 ve yiiz
rekonstriiksiyonlarinin ~ gelistirilmesine ~ yardimci
olmuslardir.'

9 RIVERA vd. 2010
10 NEYLAND et al 2001; RIVERE - SCAFURI 2017
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Fig. 8: Kazidan sonra Yiizbagi Dixon’1n kagmir yiin yelegi
panosu, yayma, konservasyon ve kurutma asamalar1. Diigme
cizgisi, bir pens, boyun ve omuz ¢izgisi gibi detaylar
gozlemlenebilir. ©Friends of The Hunley

Fig. 8: Cashmere wool vest panel from Lt. Dixon’s after
excavation, unfolding, conservation and drying. Details

such as the button line, a dart, neck and shoulder line can be
observed. ©Friends of The Hunley

They also implemented an immersion technique in which
the block was submerged in a tank filled with water and
the sediment carefully removed (Fig. 7). Using a gentle
current applied by a water-filled syringe, the sediment
was dislodged from the surface of the block and syphoned
off with a small vacuum hose.” This allowed for safe
retrieval of all artifacts and human remains (Fig. §).

At the end of 2003, the majority of the excavation in
the crew compartment was completed with hundreds of
skeletal remains, over 3,500 artifacts, and over 10,000
kilograms of sediment removed from the submarine.
Forensic anthropologists and osteologists from the
Smithsonian Institution provided critical assistance in the
excavation, documentation, and analysis of the remains
of the H.L. Hunley crew. They provided critical support
to the archeological work through the identification,
recording, and removal of human remains, as well as in
the dissection and recording of any block lifts containing
human remains. They also carried out a comprehensive
osteological analysis of the remains of the crew and
assisted with the development of cranial replicas and
facial reconstructions. '

9 RIVERA etal. 2010
10 NEYLAND et al 2001; RIVERE - SCAFURI 2017



BULUNTULARIN KONSERVASYONU

Kazidan hemen sonra, buluntularin saglamlastirilarak
kendilerine 6zgii konservasyon ve iglem kosullarina goére
dikkatle elden gegirilmesi gerekiyordu. Deniz ortamindan
gelen buluntular genelde zaman igerisinde kloriir iyonlarini
emerler. Bu kloriir iyonlari, 6zellikle oksijene maruz
kalan demir ve diger metallerin asinmasini hizlandiracak
sekilde iglev gosterirler.!! Denizaltidan ¢ikarilan madeni
buluntularin  saglamlastirilabilmesi i¢in bu objelerin
kloriirler giivenli bir sekilde uzaklastirilincaya kadar
bir depolama c¢ozeltisi igerisine tutulmasi gerekliydi.
Deniz ortammna maruz kalmanin sonucu olarak bir¢ok
buluntunun iizerinde olusan kabuklanma veya katilagmis
madde tabakasi buluntuyu korumasi amaciyla {izerinde
birakilmigtir. Metal buluntularinda uygulanan islem,
malzemelerin cesitli analiz ve goriintiileme teknikleriyle
ozelliklerinin ¢ikarilmasi, yiizey temizligi, buluntularin
yiizeylerini kaplayan katilagmig maddelerden arindirilarak
farkli kimyasal c¢ozeltilerde tuzdan arindirmasindan
olusmustur (Fig. 9). Cikarilan kloriir tuzlarinin élgiimleri
iyon kromatografisi ve QuanTab® olgiim seritleri
kullanilarak her ¢6zelti partisi i¢in ayr1 ayri yapilmigtir.
Islemin sonunu zamanla elde edilen en diisiik kloriir
degeri belirlemistir. Denizaltinda kazisi yapilan organik
materyallerin (6rnegin, ahsap, deri, kumas vb.) ¢okme
nedeniyle bozunmus hiicre yapisin1 engellemek amaciyla
saglamlastirilmast ve polietilen glikol ile emdirme
uygulanmasi gerekli olmustur. Genel anlamda bu eserlerin
durumu ekip i¢in sadece konservasyon agisindan degil,
ayni zaman da belgeleme acisindan da bir dizi giigliik
olusturmustur (Fig. 10).

11 GONZALEZ - PEREYRA vd. 2003.

Fig. 9: Konservasyon sonrasinda
Yiizbasi Dixon’in makaminda bulunan
piringten yapilmis yagdanlik. ©Friends
of The Hunley

Fig. 9: Brass oil can found in Lt.
Dixon’s station after conservation.
©Friends of The Hunley
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ARTIFACT CONSERVATION

Immediately following the excavation, artifacts had to be
stabilized and carefully handled according to their specific
conservation and treatment requirements. In general
artifacts that come from a marine environment will absorb
chloride ions over time. These chloride ions function to
accelerate corrosion in iron and other metals, particularly
when exposed to oxygen.'' In order to stabilize the metal
artifacts from the submarine, the objects had to be kept
in a storage solution until the chlorides could be safely
removed. The encrustations or concretions found on many
artifacts as a result of exposure to the marine environment
were left in place as protective layers for the artifact.
The treatment procedure for the metal artifacts consisted
of the characterization of the materials through several
different analytical and imaging techniques, surface
cleaning, removal of concretions covering the artifacts,
and desalination in different chemical solutions (Fig. 9).
The chloride salts extracted would be measured in each
solution batch using ion chromatography and QuanTab®
test strips. The end of the treatment would be determined
by the lowest value of chlorides achieved over time.
Organic materials excavated from the submarine (e.g.
wood, leather, textiles, etc.) required stabilization and
impregnation with polyethylene glycol to prevent
their degraded cell structure from collapsing. Overall,
the condition of these artifacts presented a number of
challenges for the team not only for conservation purposes,
but also for documentation (Fig. 10).

11 GONZALEZ - PEREYRA et al. 2003.

Fig. 10: Kazida Hunley miirettebat odasindan ¢ikarilan deri ayakkabi. Denizaltinin
govdesinden suya doymus sekilde ve demir korozyon {iriinleriyle kaplanmis 16
ayakkab1 bulunmustur. ©Friends of The Hunley

Fig. 10: Leather shoe excavated from the Hunley crew compartment. 16 shoes
were found in a waterlogged state and covered in iron corrosion products
from the submarine’s hull. ©Friends of The Hunley
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BULUNTULARIN ARASTIRILMASI
Buluntular iizerindeki konservasyon c¢aligmalarinda
ilerleme saglandikga, arkeoloji ekibi miirettabin

kimler oldugunu ve yasamlarii daha iyi anlamak
icin objeleri ve bu objelerin menseilerini her bir
bireye gore incelemistir. Denizaltida bulunan buluntu
grubunun incelenmesiyle, aragtirmacilar miirettebatin
yasamini daha iyi anlayabilmistir. Cikarilan buluntular
H.L. Hunley’nin kaybindan o6nce gemi adamlarinin
kigisel deneyimleri, askeri gorevleri ve sosyal ve
ekonomik statiileri konusunda Onemli bilgiler elde
edilmesine ortaya koymustur. Diigme, ayakkabi,
pantolon askilari, sapka ve kumaslar gibi giysileriyle
ilgili buluntular sadece ekonomik veya askeri statiileri
degil, miirettebatin Konfederasyon Deniz Kuvvetleri
(CSN) igerisinde nasil bir gorevi oldugu konusunda
da bilgi vermistir. Mirettabin kiyafetleri kalite ve
mengei agisindan biiyiik dlciide farklilik gdsteriyordu,
herhangi bir standard1 yoktu. Federal ve sivil giysilerine
ait diigmelerin yaninda bir set Ingiliz Ticari Denizci
tiniformasina ait diigmelerin varligi, miirettebatin
ozellikle kendilerine verilen bir {iniforma tiirii yerine
ellerinde olanla yetindiklerinin bir gostergesidir.
Hunley‘nin CSN tarafindan higbir zaman resmi olarak
desteklenmis/onaylanmis olmadigi gergegiyle birlikte
ele alindiginda bu kiyafetler denizaltinin askeri bir
gemidense hiikiimet izinli bir korsan gemisi seklinde
gorev lstlendigini gostermektedir.

Cak, pipo, kibrit ve bir deri ciizdanigerenilave buluntular
da miirettebattaki her bireyin ekonomik statiisi ile ilgili
onemli ipuglar1 saglamaktadir. Denizaltinin sinirli bir
hacime sahip olan giivertesi ayn1 zamanda sinirli yol
alabilme kapasitesine sahip olmasi gemiden c¢ikarilan
kigisel buluntularin ya gorev agisindan onemli bir
rolil ya da kisisel acidan 6nemli bir degeri oldugunu
gostermektedir. Kaptan George Dixon’a ait buluntular
buna iyi bir 6rnek olugturmakta, hatta daha da ilging bir
Oykil anlatmaktadir. Dixon kazildiginda, arkeologlar
iki parca birbirine dolagsmis miicevherat ¢ikarmistir,
bunlar kostekli bir altin cep saati (Fig. 11), katlanan
bir cetvel ve Kkaliteli bir cakidir. Giysileri, kisisel
esyalarina benzer sekilde, iyi kumastan iyi bir sekilde
dikilmistir, deri botlar1, ipek astarli kagmir yiinden
ceketi ve yelegi ve giimiis pantolon askisi kopgcalari
icin de ayni sey sOylenebilir. Dixon’in giysi ve kisisel
esyalar1 miirettebatin geri kalanina goére iyi durumda
oldugunu gostermekle kalmamis, ayn1 zamanda gorev
sirasinda da yiliksek standarlarindan vazgegmedigini
ortaya koymustur.'?

12 SCAFURI vd. 2017
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ARTIFACT RESEARCH

As the conservation work on the artifacts progressed,
the archaeological team was also studying the objects
and their provenance according to each individual
to have a better understanding of who these men
were and the lives they lived. Through the analysis
of the artifact assemblage found in the submarine,
researchers have been able to better understand the
lives of the crewmen. The artifacts recovered have
revealed important information regarding their
personal experiences, military roles, and their social
and economic status prior to the loss of H.L. Hunley.
The artifacts associated with their clothing, such as
the buttons, shoes, suspenders, hats, and textiles,
provide not only information about their economic or
military status, but how the crew functioned within
the Confederate Navy (CSN). The clothing recovered
from the crew varied greatly in both quality and
origin, with no standardization. The presence of
Federal and civilian buttons, along with one set of
British Merchant Marine buttons, indicates the crew
wore what they had, rather than any sort of issued
uniform. The clothing, along with the fact that Hunley
was never officially sanctioned by the CSN, suggest
that the submarine functioned more like a privateer,
than a military vessel.

Additional artifacts, including pocketknives,
smoking pipes, matches, and a leather wallet, also
provide significant clues to the economic status
of the individual crewmembers. Because of the
limited amount of space onboard the submarine,
as well as the limited sailing capacity, the personal
artifacts recovered from the vessel suggest they had
either a significant role to the success of the mission
or great personal value. Captain George Dixon’s
personal artifacts exemplify this and tell an even
more interesting story. When Dixon was excavated,
archaeologists recovered two pieces of intricate
jewelry, a gold pocket watch and fob (Fig. 11), a
folding ruler, and a quality pocketknife.

His clothing, much like his personal effects, were
similarly well made with fine fabric, including leather
boots, a silk-lined cashmere wool jacket and vest,
and silver suspender clasps. Dixon’s clothing and
personal items indicate that he was not only relatively
well off in comparison to the other crewmembers,
but also held himself to a high standard during the
mission.'?

12 SCAFURI et al. 2017



BELGELEME

Denizaltinin gdvdesinin smirlt hudutlar1 igerisinde
caligmanin benzersiz giicliikleri arkeolojik belgelemede
cok yonli bir yaklagimi gerektirmektistir. Arkeolojik
cizimler ve fotograflarin yanisira i¢ kistmdaki mensei
bilgilerini kaydetmek icin dijital bir nokta haritalama
stratejisi uygulanmistir. Bu strateji arkeoloji ekibine
kazidan sonra bir CAD ortaminda buluntu konumlarm1
dogru bir sekilde yeniden olusturma olanagi
saglamigtir. Arkeolojik ve konservasyon c¢alismalari
ilerledikce belgelemede odaklanilan nokta, {i¢c boyutlu
dokiimantasyona ve denizaltinin gdévdesinden ve
buluntu toplulugundan daha detayli doku bilgisinin
kaydedilmesine doniigmiistiir.’* Bu tip detayli yiizey
dokiimantasyonu yiiksek c¢oziiniirlik iceren veri
saglarken, aym zamanda veri toplama agisindan
bazi sorunlar ortaya koyarak projenin arkeoloji ve
konservasyon ekipleri arasinda yogun ortak caligma
yapilmasini gerektirmistir. Konservasyon isleminden
sonra, arkeoloji ekibi farkli teknikler kullanarak birgok
buluntuyu belgelenmistir.'* Bu islem, hem islemle
ortaya cikan her tiir ek Ozellikleri anlama hem de
konservasyon islemi sonrasinda buluntunun durumunu
degerlendirme amaci tagimistir. Buna ek olarak,
herhangi bir konservasyon sonrasi dokiimantasyon,
ozellikle 3D dokiimantasyon, konservasyon ekibine
islem sonucunda eserde meydana gelmis olabilecek
herhangi bir degisiklikle ilgili olciilebilir veriler
saglamada kullanilabilir.

13 SCAFURI - RENNISON 2016
14 SCAFURI 2017

Fig. 11: Yiizbast Dixon’n iist gévdesini i¢eren
blok grupta bulunan altin cep saati. Altin kutusuna
kendi ad1 ve masonik subesi islenmistir. ©Friends
of The Hunley

Fig. 11: Lt. Dixon gold pocket watch found in
its torso block lift. The gold case is engraved
with his name and masonic chapter. ©Friends of
The Hunley

DOCUMENTATION

The unique challenges of working within the restricted
confines of the submarine’s hull required a multifaceted
approach to archaeological documentation. In addition
to archaeological sketches and photography, a digital
point-mapping strategy was implemented to record
provenience information from the interior. This strategy
gave the archaeological team the ability to accurately
reconstruct artifact positions in a CAD environment after
their excavation. As the archaeological and conservation
work progressed, the focus of documentation turned to
3D documentation and the recording of more detailed
texture information from the submarine’s hull and
artifact assemblage.!* While this type of detailed surface
documentation can provide high-resolution data, it
also presented a number of problems in terms of data
collection and required extensive collaboration between
the project’s archaeological and conservation teams.
Following conservation treatment, many artifacts were
documented by the archaeological team using different
techniques.' This was to both understand any additional
characteristics of the artifact revealed by the treatment,
and to assess the condition of the artifact following
the conservation procedure. In addition, any post-
conservation documentation, and 3D documentation in
particular, could be used to provide quantifiable data to
the conservation team regarding any changes that may
have occurred to the artifact as a result of the treatment.

13 SCAFURI - RENNISON 2016
14 SCAFURI 2017
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HUNLEY KONSERVASYON PLANI

Konservasyon ekibi denizaltinin metal govdesinin
kapsamli bir teknik analizini yaparak, bir konservasyon
planmt gelistirmis ve bu plam incelemesi, resmi onay1
ve hakem degerlendirmesi i¢in ABD Donanmasi’na
sunmustur. Proje siiresi boyunca konservasyon igin
bir genel yol haritasi saglayan bu plan, ii¢ temel
hedefe odaklanmigti. Bu ii¢ temel hedef sunlardan
olusuyordu: H.L. Hunley’'nin yapisal biitiinliigini
korumak, denizaltty1 en az riskle saglamlagtiracak
teknikleri belirlemek ve gelecekte konservasyon
caliymast  gereksinimini en aza indirgeyecek
sergileme kosullarin1  gelistirmek ve tanimlamak.
Ne kadar gii¢ olsa da konservasyon planinin bu
cok yonli amaclart Hunley denizaltisinin ingasinin
derinlemesine bir analizini yapmak, biiyiik dl¢ekli deniz
buluntularimin konservasyonunu yaparak giincel bilgi
diizeyimizi smamak ve arkeolojik demir buluntularin
saglamlagtirilmasinda  kullanilan  geleneksel — ve
deneysel tekniklerin karsilagtirilmasi i¢in egsiz bir firsat
sunmustur. '3

Tekneye erigimi ve saglamlastirma islemini gelistirmek
icin tasarlanmis asamalarla uygulanan teknenin
korunmast amaciyla yillar igerisinde ilerleme
kaydedilmistir. Bu asamalar denizaltindan yiiksek risk
iceren maddelerin uzaklastirilmasi (organik elementler
gibi), cam lumbozlarin sokiilmesi (gii¢lii alkalin
cozeltilerde stabil olmadig1 igin), govde tlizerinde adli
ve yapisal calisma yapilmasi, mekanik bilesenlerin
sokiilmesi (6rn. dokiim demirden pompalar), boyalarin
analizi, metal ve biyolojik bozulma analizi, fizibilite
caligmast ve denizaltimin dikey konuma getirilmesi,
denizaltin1 giivenli bir sekilde sodyum hidroksite
batirabilmek i¢in sivi yonetim sisteminin degistirilmesi
adimlarint  iceriyordu. Konservasyona ek olarak
projenin temel hedeflerinden biri de s6z konusu
islemlere tabi tutulan denizaltinin bu siirecini halkin
izleyebilmesiydi.'s

15 MARDIKIAN vd. 2006; MARDIKIAN vd. 2009, 113-118; MARDIK-
TAN vd. 2009, 82-88; RIVERA vd. 2019.
16 MARDIKIAN vd. 2006; RIVERA vd. 2019.

122

HUNLEY CONSERVATION PLAN

Through an extensive technical analysis of the
submarine’s metal hull, the conservation team developed
a plan to conserve the vessel, which was submitted to
the U.S. Navy for review, formal approval, and peer-
review. The document provided a general roadmap
for conservation throughout the duration of the project
and centered on three primary objectives. The three
objectives were: to preserve H.L. Hunleys structural
integrity, identify techniques that would stabilize the
submarine with minimal risk, and develop and define
display conditions that would minimize the need
for future conservation work. Although challenging,
the multifaceted objectives of the conservation plan
presented a unique opportunity to perform an in-depth
analysis of the construction of the Hunley submarine,
revisit the current state of our knowledge regarding
the conservation of large marine objects, and compare
traditional and experimental techniques for the
stabilization of archaeological iron objects.!s

Several steps were taken throughout the years for
the conservation of the hull, which were conducted
in phases designed to improve the access to the hull
as well as its stabilization. These steps involved the
removal of high-risk materials from the submarine
(such as organic elements), the removal of glass
viewports (unstable in strong alkaline solutions),
a forensic and structural study of the hull, the
disassembly and removal of mechanical components
(i.e. cast iron pumps), paint analysis, metal and
biofouling analysis, a feasibility study and rotation
of the submarine to an upright position, and the
modification of the fluid management system to be
able to safely immerse the submarine in sodium
hydroxide In addition to the conservation, one of
the major objectives for the project was to allow for
public viewing of the submarine during treatment).'®

15 MARDIKIAN et al. 2006; MARDIKIAN et al. 2009, 113-118; MAR-
DIKIAN et al. 2009, 82-88; RIVERA et al. 2019.
16 MARDIKIAN et al. 2006; RIVERA et al. 2019.



GEMI YONELME ACISININ DIKLESTIRILMES|

H.L. Hunley‘e uygulanan en Onemli islemlerden
biri 45 derece olan orijinal yonelme agisim dik
duruma doéndiirme islemiydi. Bu islem, denizaltinin
dondiiriilmesini, aymi zamanda kaldirma Kkiriginin
ve destek askilarinin ¢ikarilmasini, son olarak da alt
omurga bloklarinin {izerine yerlestirilmesini iceriyordu.
Amag, konservasyon ¢aligmalari sirasinda denizaltinin
ylizeyine erisimi  kolaylastirmak ve  teknenin
erisilemeyen alanlarinin belgelenmesine ve iizerindeki
katilagmis maddelerin giderilmesine izin vermekti.
Herhangi bir ¢alismaya baslamadan Once bir
miihendislik ¢alismasi ve rotasyon simiilasyonu yapildi.
Bu calismadan elde edilen bilgiler, denizaltin1 giivenli
bir sekilde dondiirecek bir plan gelistirilmesine yol
act. Prosediir, destek sapanlarinin iskele tarafinda
daha uzun ve sancak tarafinda daha kisa olacak sekilde
kademeli olarak ayarlanmasini igeriyordu. Bu “cek ve
birak” sistemi denizaltiy1 yavas ve kontrollii bir sekilde
dik konuma dondiirecekti.'” Bu planin ardindan ekip,
gemiyi basariyla dondiirerek 2011 yilinda omurgasi
iizerine yerlestirdi (Fig. 12).

17 BLOUIN vd. 2011
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ROTATION

One of the most important steps in the treatment
of H.L. Hunley was the rotation of the hull from its
original 45-degree orientation to an upright position.
This procedure involved rotating the submarine
while also removing the lifting truss and supporting
slings, and finally resting it on its bottom keel blocks.
The purpose was to facilitate access to the surface of
the submarine during conservation work and permit
documentation and deconcretion of inaccessible
areas of the hull.

An engineering study and simulation of the rotation
was developed prior to the beginning of any work.
The information gained from this study led to the
development of a plan to safely rotate the submarine.
The procedure involved gradually adjusting the
support slings to be longer on the port side and shorter
on the starboard side. This “pull-and-release” system
would rotate the submarine in a slow and controlled
manner to an upright position.'” Following this plan,
the team successfully rotated the vessel and placed it
on its keel in 2011 (Fig. 12).

17 BLOUIN et al. 2011

Fig. 12: Rotasyonu sirasinda denizalti. Destek bag yiikseltilmis, cevresinde yapi iskelesi kuruludur ve altina yiikleme
gozleri igeren destekler yerlestirilmistir. Bir ¢ek/birak mekanizmasi kullanilmig ve denizalti yavag¢a dondiiriilerek dikey bir
pozisyona getirilmistir. ©Friends of the Hunley.
Fig. 12: Submarine during rotation. The truss was elevated, scaffolding built around it, and supports containing load
cells were placed underneath. A pull/release mechanism was used and the submarine slowly rotated into an upright
position. ©Friends of the Hunley.
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DIS YOZEYDEKI KATILASMIS MADDELERIN GIDERILMESI
Denizaltiy1 kaplayan katilagmis maddeler, denizaltinin
deniz tabaninda kaldigi siire icerisinde yillar boyunca
lizerinde olusan makro fauna olusumlart ve moloz
birikmesinin sonucudur. Bu olusumlar demir korozyon
iirlinleriyle bir araya gelerek cok sert bir koruyucu
katilagmis depozit tabakasi olusturmustur. Katilagmis
maddeler denizaltinin etrafindaki fiziksel ve g¢evresel
kosullarla ilgili olduk¢a hayati konum bilgilerini
kaydetmistir. Bu katilagmis maddelerin olugmasina yol
acan cevresel etkenler bolgeyle ilgili yapilan birkag
caligmada ana hatlariyla belirtilmigtir.'®

Bu katilasmig maddelerin gévdeden uzaklastirilmasina
hazirlanirken, ekibin metalin tuzunu gidermeye
baglamak igin 280,000 litre sodyum hidroksit ¢ozeltisi
(pH 13’lin tizerinde) hazirlamas1 gerekiyordu. Kasim
2013 tarihinde Hunley’nin ig¢inde bulundugu havuzun
etrafinda ve alt1 adet 56.000 litrelik agik hava karigtirma
havuzunun etrafinda ikincil bir muhafaza beton
duvarimnin ingasi ile eski havuz sisteminde bir iyilestirme
caligmasi baglatildi. Sivi isleme sistemi, sodyum
hidroksit ¢dzeltisinin hazirlanmasina ve ayarlanmasina,
Hunley havuzunun aktarilmasmna ve atilmadan once
kimyasal notrlestirilmesine izin verecek sekilde yeniden
yapilandirildi ve sistem iyilestirildi. Kamuya agik
ziyaretler sirasinda goriiniimii iyilestirmek i¢cin Hunley
havuzunda siispansiyondaki kati madde miktarini
azaltmak amaciyla bir filtreleme sistemi ve denizaltinin
goriisiini engellemeden ziyaretgileri havuzdan korumak
amaciyla katlanir bir cam duvar kuruldu.

2014 yilinda, eski kidemli konservatér Paul Mardikian,
inceleme ve onay icin ABD Donanmasi’na sunulan
Hunley Konservasyon Plani’na (2006) ek olarak ayrmtili
bir katilasmig maddelerden arindirma plani hazirladi.
Konservasyon ve arkeoloji ekipleri, bu planini gézden
gecirip tartisti ve ekibin siire¢ boyunca adim adim takip
etmesi i¢in net amag¢ ve hedefler iceren bir kilavuz
olusturdu.”

Katilagmis maddelerden arindirma igleminin ilk amaci
denizaltinin yapisal biitiinligiinden ve stabilitesinden
0diin vermeden teknenin yiizeyini kaplayan kabuklar
kaldirmak ve orijinal yiizeyin miimkiin oldugunca
cogunu belgelemek ve korumaktr.?

18 MURPHY 1998; CONLIN 2005; JACOBSEN vd. 2012; HARRIS -
NEYLAND 2016
19 RIVERA vd. 2019

20 MARDIKIAN 2014
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EXTERIOR DECONCRETION

The marine concretion covering the submarine was
the result of years of macrofaunal growth and debris
accumulation on the surface of the submarine while
it rested on the seafloor. This growth, combined
with iron corrosion products, formed a very hard
protective layer of marine concretion. The concretion
recorded vital site information regarding the physical
and environmental conditions around the submarine.
The environmental factors that led to the formation
of this concretion have been outlined in a number of
studies of the site.'®

In preparation for the removal of concretion from the
hull, the team needed to prepare 280,000 liters of a
solution of sodium hydroxide (pH above 13) to begin
the desalination of the metal. An upgrade of the old
tank system was initiated in November 2013 with the
construction of a secondary containment concrete
wall around the Humley tank and around the six
56,000-liter outdoor mixing tanks. The fluid handling
system was reconfigured and upgraded to allow for the
preparation and adjustment of the sodium hydroxide
solution, its transfer to and from the Hunley tank, and
its chemical neutralization before disposal. A filtering
system was installed to reduce the amount of solids
in suspension in the Hunley tank in order to improve
viewing during public tours as well as a folding
glass wall to protect visitors from the tank without
obstructing the view of the submarine.

In 2014, former senior conservator Paul Mardikian
wrote a detailed deconcretion plan as an addendum
to the Hunley Conservation Plan (2006), which was
submitted to the U.S. Navy for review and approval.
The conservation and archaeological teams reviewed
and discussed the deconcretion plan and developed
a step-by-step guideline with clear objectives and
goals for the team to follow during the process."
The first objective of the deconcretion process was
to “remove the concretion covering the surface of
the hull and document and preserve as much of the
original surface as possible without compromising the
structural integrity and stability of the submarine”.°

18 MURPHY 1998; CONLIN 2005; JACOBSEN et al. 2012; HARRIS -
NEYLAND 2016
19 RIVERA et al. 2019

20 MARDIKIAN 2014



Arkeolojik hedefler ise, katilasmig maddelerden
arindirma iglemi yapilirken bunu belgelemek ve islem
sirasinda ortaya cikan govde ve yilizey ozelliklerini
kaydetmekti. Bu islem, denizaltinin nasil ¢alistiginin ve
150 yil dnce batmasina neyin yol agmis olabileceginin
yorumlanmasi agisindan 6nem arz ediyordu.?!

Mayis 2014’te  denizalti, gdovdenin birka¢ ay
pasiflesmesine izin vermek ve atmosfere maruz kaldiktan
sonra reaktif metal {izerindeki korozyonu azaltmak
amaciyla tasarlanmig yeniden sirkiile edilmis bir
sodyum hidroksit ¢ozeltisine yerlestirildi. H.L. Hunley
denizaltisinin dig yiizeyinden katilasmis maddelerden
armdirilmast iglemine Agustos 2014’te baglanmustir.
Katilasmis maddelerden arindirmaya yardimci olacak
bir ¢ok teknik ve ara¢ gz oniinde bulundurulmus olup,
en etkili olanin pnomatik keskiler, cerrahi keskiler gibi
el aletlerinin ve ¢ekiglerin kullanimiyla yapilan mekanik
temizleme olduguna karar verilmistir (Fig. 13).

21 MARDIKIAN 2014; SCAFURI 2017; RIVERA vd. 2019
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The archaeological objectives were to document the
concretion as it was being removed and to record the
hull and surface features revealed during the process.
This was critical to the interpretation of how the
submarine functioned and what possibly led to the
sinking 150 years previously.?!

In May 2014 the submarine was placed in a
recirculated solution of sodium hydroxide solution
designed to let the hull passivate for several months
and mitigate corrosion on the reactive metal once
exposed to the atmosphere. The deconcretion of
the exterior of the H.L. Hunley submarine started
in August 2014. A number of techniques and tools
were considered to aid in the removal of concretion,
the most effective being mechanical cleaning via the
use of hand tools such as pneumatic chisels, surgical
chisels, and hammers (Fig. 13)

21 MARDIKIAN 2014; SCAFURI 2017; RIVERA et al. 2019
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Fig. 13: Katilasmis depozitlerden arindirma sirasinda denizalti. Arkeologlara dokiimantasyon ve tarama zamani vermek igin
onemli arkeolojik dzellikler sari ile isaretlenmis ve en sona birakilmistir. ©Friends of the Hunley.

Fig. 13: Submarine during deconcretion. Important archaeological features were marked in yellow and left for last to
give archaeologists time for documentation and scanning. ©Friends of the Hunley.
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Dig govdeyi katilagmig maddelerden arindirma
igleminin tamamlanmasi bir yildan fazla siirdii. Dort
konservasyon uzmanindan olugan bir ekip goévdeden
yaklastk 1000 kg katilasmis madde uzaklastirdi.
Hunley‘nin  i¢inde bekletildigi havuz, Hunley
havuzundan agik hava saklama havuzlarina aktarilan
sodyum hidroksit ¢ozeltisiyle, haftada {i¢ kez her sabah
otomatik olarak bosaltildi. Her katilagmis maddeden
arindirma giinliniin sonunda, ¢dzelti, denizaltinin su
altinda kalmasini saglamak ve daha fazla korozyondan
kacinmak icin Hunley’e geri aktarilacakti. Projenin
bu asamasmin bir¢ok zorlugundan biri, denizaltinin
korozyonunu izlemek ve miimkiin olan en yiiksek pH’1
korumak i¢in Hunley tankina verilen sodyum hidroksit
konsantrasyonunu ayarlamakti. Katodik koruma sistemi,
bozulma sirasinda daha fazla metal yiizey aciga ¢iktig1
icin korozyonu uzak tutmada 6nemli bir rol oynadi.

IC YOZEYDEKI KATILASMIS MADDELERIN GIDERILMESI

I¢ mekanmn katilasmis maddelerden arindirilmasinda
Ozellikle dar safra depolart ve yiiriitme sisteminin
cevresindeki gibi alanlarda geminin simirl hacimli
ve sinirlt erisim bulunan kisimlari nedeniyle bir dizi
teknik sorun ortaya cikmistir. Konservatorler sinirl
mekanlarda ve kimyasallarla temas halinde ¢alisma
konusunda federal ve eyalet yasalarina uygun bir dizi
giivenlik protokolii uygulamistir. Bunlarin arasinda
hidroksit ¢o6zeltisinden korunmak ic¢in denizaltinin
icine goz yikama istasyonlar1 kurulmasi ve Tyvek™
giysilerinin yan1 sira tam yiiz gaz maskesi, eldivenler,
kolluklar ve kulak koruyucu yer almistir.

ORTAYA CIKARILAN OZELLIKLER VE YORUM

Katilasmis maddelerden arindirma siireci ilerledikge
bazi erozyon ozellikleri ve gostergeleri, catlaklar,
darbeler ve malzeme iiretim hatalar1 da ortaya ¢ikmustir.
Bunlar ekibin denizaltinin gévdesindeki hasar tizerinde
aragtirma ve caligma yapmasina olanak saglamustir.
Gozle goriilebilir en Onemli 6zelliklerden biri
denizaltin1 oyarak asindiran akintilarin yol agtig1 metal
incelmesidir. Bu etki, orijinal dikey burunun erozyona
ugrayip lizerinde oyuklarin olusarak dig biikkey kavisli
bir kenar halini aldigi burun destemorasi iizerinde
belirgin bir sekilde goriilmektedir. Dokiim demir
pargalarda kabarcik ve dokiim hatasi gibi diger metal
hatalar1 da tanimlanmustir.?2

Denizaltinin sancak tarafinin hem pruvasi hem de
ki¢ tarafinin yakininda bulunan en biiyiik iki govde
yarigmin, batma sonrasi oyulma ve korozyon sonucu
oldugu belirlenmistir. Bu durum, i¢ kisimdaki

22 JACOBSEN vd. 2012; SCAFURI 2017; RIVERA vd. 2019
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It took over a year to complete the deconcretion
of the exterior hull. Approximately 1000 kg of
concretion was removed from the hull by a team
of four conservators. The Hunley tank would be
automatically drained every morning, three times a
week, with the sodium hydroxide solution transferred
from the Hunley tank to the outdoor holding tanks.
At the end of each day of deconcretion, the solution
would be transferred back to the Hunley to keep the
submarine submerged and avoid further corrosion.
One of the many challenges of'this phase of the project
was to monitor the corrosion of the submarine and to
adjust the concentration of sodium hydroxide to the
Hunley tank to maintain the highest possible pH. The
cathodic protection system played an important role
in keeping the corrosion at bay as more metal surface
was being exposed during the deconcretion.

INTERIOR DECONCRETION

The deconcretion of the interior presented a number
of additional technical challenges due to the confined
space and limited accessibility of portions of the
vessel particularly in areas such as the narrow
ballast tanks and around the interior propulsion
system. Conservators implemented a number of
safety protocols in compliance with federal and
state regulations for working in a confined space
and in contact with chemicals. These included the
installation of eyewash stations inside the submarine
itself and the use of Tyvek™ suits as protection from
the hydroxide solution as well as full-face respirators,
gloves, sleeves, and ear protection.

FEATURES REVEALED AND INTERPRETATION

As the deconcretion process progressed, several
features and signs of erosion, fractures, impacts, and
inherent material defects were revealed. This allowed
the team to research and study the damage to the
submarine’s hull. One of the most visible features is
the thinning of the metal produced by marine currents
that scoured and eroded the submarine. This effect
was clearly visible at the forward edge of the bow
cap, where it had been eroded and scalloped reducing
the original vertical bow to a convex curved edge.
Other metal defects such as blowholes and a misrun
were also identified on the cast iron elements.?

The two largest hull breaches, located close to both the
bow and stern of the starboard side of the submarine,
were determined to be the result of post-sinking scour
and corrosion. This was confirmed by a geological

22 JACOBSEN et al. 2012; SCAFURI 2017; RIVERA et al. 2019



sedimantasyon ve dolgu sirasiyla ilgili bir jeolojik
caligmayla dogrulandi. Bazi dig bilesenlerde, batma
acisindan goriiniirde 6nemli olmasa da, hala yeterince
aciklanamayan hasar bulunmaktadir. Daha da dnemlisi,
miirettebat  kompartimanmnin 6n boliimiinde dokme
demir 6n kumanda kulesinde kirik bir goriis alani ve
ileri balast girig valfi i¢in ayr1 bir gévde baglantisi gibi
onemli olabilecek daha kiiciik govde bosluklar1 vardir.
Govdedeki bozulma, darbe ve metalurjik kusur
bulgularina ek olarak, katilasmis maddelerin giderilmesi
bircok arkeolojik ozelligi de ortaya ¢ikarmistir.
Bu o6zellikler, denizaltinin tasarimi, c¢alismasi ve
modifikasyonu konusunda bir dizi ilging ipucunun yani
sira gemide meydana gelen hasara iligkin bazi bilgiler
saglamistir® (Fig. 14).

2013 yilinda, Hunley’in torpidosunun patlama
etkilerini incelemek amaciyla Donanma Tarih ve
Miras Komutanligi ve Deniz Yiizey Savag Merkezi,
Carderock Boliimii ile igbirligi icerisinde bir ¢alisma
baglatilmigtir. Kapsamli patlama simiilasyonu ve canlt
testlerden sonra, patlamanin kuvvetinin denizaltiya veya
miirettebata zarar vermek i¢in yetersiz oldugu belirlendi.
Bu test net veya kesin bir agiklama saglamamis olsa da,
H.L. Hunley’nin kaybma katkida bulunmus olabilecek
olas1 faktorlerin gegici olarak daraltilmasina yardimei
olmustur? (Fig. 15).

23 SCAFURI 2017; RIVERA vd. 2019

24 Bu galiyma hakkinda ek bilgi iin, bakiniz: https://www.history.
navy.mil/content/history/nhhc/research/underwater-archaeology/
sites-and-projects/ship-wrecksites/hl-hunley/hunley-incident-analysis.
html; https://www.history.navy.mil/research/underwater-archaeology/
sites-and-projects/ship-wrecksites/hl-hunley/black-powder-blast-effects-
hunley.html]
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study of the sedimentation and infilling sequence of
the interior. There is also damage on some exterior
components that, while not outwardly significant in terms
of the sinking, has still not been adequately explained.
More importantly, there are smaller hull breaches in the
forward section of the crew compartment that could be
significant: a broken viewport in the cast iron forward
conning tower and a separated hull attachment for the
forward ballast intake valve.

In addition to evidence of breaches in the hull, impacts,
and metallurgical defects, the deconcretion also revealed
many archaeological features. These features provided a
number of interesting clues to the design, operation, and
modification of the submarine as well as some insights
into damage that occurred to the vessel (Fig. 14).23

In 2013, a collaboration was initiated with the Naval
History and Heritage Command and the Naval Surface
Warfare Center, Carderock Division, to examine the blast
effects of Hunley’s torpedo. After extensive explosion
simulation and live testing, the force of the blast was
determined to be insufficient to damage the submarine
or harm the crew. While this testing has not provided
any clear or definitive explanations, it has helped
tentatively narrow down the possible factors that may
have contributed to the loss of H.L. Hunley (Fig. 15).**

23 SCAFURI 2017; RIVERA et al. 2019

24 For additional information on this study, see: https://www.history.
navy.mil/content/history/nhhc/research/underwater-archaeology/sites-and-
projects/ship-wrecksites/hl-hunley/hunley-incident-analysis.html; https://
www.history.navy.mil/research/underwater-archaeology/sites-and-projects/
ship-wrecksites/hl-hunley/black-powder-blast-effects-hunley.html

Fig. 14: Depozitlerin arindirilmasi sonrasinda tahrik sistemi. Ortaya ¢ikan 6zellikler, dokme demir volan, bakir giris balast

borusu ve kolu, volani hareket ettirmeye yardimei olmak igin diskli ve zincirli krank sistemi ve volanin arkasindaki direksiyon
sistemidir. ©Friends of the Hunley.
Fig. 14: Propulsion system before and after deconcretion. Features revealed are the cast iron flywheel, copper intake
ballast pipe and handle, crank system with discs and chain to help move the flywheel, and the steering system behind
flywheel. ©Friends of the Hunley.
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Fig. 15: Fig. 15: Depozitlerin armdirilmasi sonrasinda kigtan bag yoniinde bakarken denizaltinin goriintiisii. ©Friends of the Hunley.
Fig. 15: View of the submarine looking forward from the stern after deconcretion. ©Friends of the Hunley

SONUC
Dikkatli planlama ve hazirligin bir sonucu olarak, H.L.
Hunley denizaltisinin katilagmis depozitlerden arindirma
islemi biyiik Olciide basarili olmustur. Bilimsel
ekip, bu uzun siire¢ boyunca bir dizi teknik zorlugun
tistesinden gelmek ve Ongoériillemeyen bircok duruma
uyum saglamak zorunda kalmstir. Yararlanacak ¢ok az
dogrudan benzerlik vardi, konservasyon planinin biiyiik
bir kismu bu projenin benzersizligine yonelecek sekilde
gelistirilmek zorundaydi. Bu durum konservasyon
ve arkeoloji ekipleri arasinda kapsamli bir igbirligi
gerektirmis olup, sonugta projenin bu kritik agamasinin
bagarili bir sekilde tamamlanmasini saglamistir.
Denizaltinin katilagmig maddelerden arindirilmasi
isleminin ardindan ekibin odak noktasi, tuzdan
arindirma isleminin tamamlanmasi, durulama isleminin
baglatilmas1 ve denizaltinin nihai uzun siireli sergiye
hazirlanmasi igin bir plan gelistirmek olmustur. Bu
plan tim govde lizerinde kapsamli bir kloriir analizi
icin test yontemlerinin olusturulmasini ve kloriir
konsantrasyonunun belirli konumlarmi (6r. st {iste
binen govde plakalart ile daha ince alanlarin) belirlemek
icin metal numunelerin karsilastirilmasini, ayrica
korozyon triinleri ve oksidasyon siirecinin genel bir
caligmasini icerecektir. Buna ek olarak, konservasyon
ekibi halen denizaltinin durulanmasi, hedeflenen son
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CONCLUSION

As a result of careful planning and preparation, the
deconcretion of the H.L. Hunley submarine has
been largely successful. The scientific team has had
to overcome a number of technical challenges and
adapt to many unforeseen circumstances throughout
the long process. There were very few direct parallels
to draw from and much of the conservation plan
had to be developed to address the uniqueness of
this project. This required extensive collaboration
between the conservation and archaeological teams
that ultimately resulted in the successful completion
of this critical phase of the project.

Following the deconcretion of the submarine, the
focus of the team has been to develop a plan for
completing the desalination treatment, beginning the
rinsing process, and preparing the submarine for final
long-term display. This will involve the establishment
of testing methods for a comprehensive chloride
analysis over the entire hull and the comparison
of metal samples to identify specific locations of
chloride concentration (i.e. overlapping hull plates vs
thinner areas) as well as a general study of corrosion
products and their oxidation process.



pH diizeyini olusturma ve siire¢ icerisinde kullanilan
kimyasallarin uzaklastirilmast konusunda planlama
yapmaktadir. Kalan nem, malzemenin stabilitesini
olumsuz etkileyebileceginden, denizaltinin kurutulmasi
icin etkili bir yontem olusturulmasi da arindirmanin en
onemli yonlerinden biri olacaktir. Islemin son asamas,
denizalt1 i¢in uygulanmasi giivenli olacak ve dayanikli
koruma saglayacak uygun bir kaplamanin belirlenmesini
icerecektir. Islem sonrasinda WLCC’deki bilim insanlari,
Friends of the Hunley ile isbirligi yaparak, giivenli yer
degistirme, tasima ve nihayetinde H.L. Hunley‘nin
gosterime sunulacagi yerde sergilenmesi konusunda bir
plan olusturacaktir. Bu siirecin diinyanin her yerinden
insanlari H.L. Hunley‘yi yillar boyunca ziyaret ederek
gorecekleri ve iizerinde galigma yapabilecekleri sekilde
koruyacagi timit edilmektedir.

H.L. Hunley’nin aragtirma ve konservasyon islemi
WLCC’deki bilim personelinin birincil odak noktasini
olustursa da, laboratuvar su anda birgok bagka projede
de yer almaktadir. Tesis, Ozellikle batik arkeolojik
malzemelere odaklanarak kiiltiirel mirasin analizi
ve korunmasi konusunda uzmanlagmistir. Clemson
Universitesi, H.L. Hunley i¢in gerekli olan calismanin
bir parcasi olarak, WLCC’yi derinlemesine malzeme
analizi, biliyiik buluntu isleme, malzeme kiiltiirii
analizi kdiltiirel miras materyallerinin st diizey
3D dokiimantasyonu yetenegi ve uzmanhgi ile
son teknoloji iiriinii bir konservasyon tesisi haline
getirmisti. WLCC’deki bilim personeli, diinyanin her
yerinden kiiltiirel miras materyallerinin aragtirilmasina
ve korunmasina yardimci olmak i¢in federal ve eyalet
arkeoloji kurumlari, yerel tarihi topluluklar ve 6zel CRM
sirketleriyle ortakliklar gelistirmis olup, laboratuvarin
kapasitesini ileride de genisletmeye devam edecektir.
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In addition, the conservation team is currently
planning for the rinsing of the submarine, establishing
a targeted final pH level, and the disposal of any
chemicals used in the process. Establishing an
effective method for drying the submarine will also
be one of the most important aspects of the treatment
as residual moisture can adversely affect the stability
of the material. The final step of the treatment will
involve determining a suitable coating for the
submarine that will be safe to apply and offer durable
protection. Following treatment, the scientific staff
at the WLCC, in coordination with Friends of the
Hunley, will develop a plan for the safe moving,
transportation, and eventual exhibit of H.L. Hunley in
its final display facility. It is hoped that this process
will preserve H.L. Hunley in such a way that people
from around the world will be able to view and study
the submarine for many years to come.

While the investigation and conservation treatment of
H.L. Hunleyhasbeen the primary focus ofthe scientific
staff at the WLCC, the lab is now also involved in
numerous other projects. The facility specializes in
the analysis and conservation of cultural heritage
with a particular focus on submerged archaeological
materials. As a part of the work required for H.L.
Hunley, Clemson University has developed the
WLCC into a state-of-the-art conservation facility
with the capability and expertise to conduct in-depth
materials analysis, large artifact treatment, material
culture analysis, and high-end 3D documentation
of cultural heritage materials. The scientific staff at
the WLCC have developed partnerships with federal
and state archaeological agencies, local historical
societies, and private CRM companies to assist with
the investigation and conservation of cultural heritage
material from around the world and will continue to
expand the lab’s capabilities in the future.
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ARTICLE

*Is1l OZSAIT KOCABAS

Anahtar kelimeler: Yenikap1 12 batig1, gemi rekonstriiksiyonu, yeniden kurulum, miizede sergileme.
Keywords: Shipwreck Yenikap1 12, ship reconstruction, reassembly, display in museum.

OZET

Yenikapt 12 batigi, Istanbul’da Yenikap: kazi alaninin
dogusunda, amforalariyla birlikte ortaya ¢ikarilmistir.
Batigin, kazi alaninda in situ ve laboratuvarda 1:1 6lcekte 3B
olarak belgelenmesi yapilmis; insa yontemi ve restitiisyonu
caligilarak tam Olcekli replikasi inga edilmistir. Bu
caligmalara gore Yenikap1 12, yaklasik 9,24 m uzunlugunda,
2,64 m genisliginde, kiy1 denizciligi yapan, yelkenli kiigiik
bir ticaret teknesidir. Batik ahsaplarinin konservasyonu, PEG
Oon-emdirme ve vakumlu dondurarak kurutma prosediirii
dogrultusunda devam etmektedir. YK12’nin ahgaplarinin,
konservasyon uygulamalar1 sonrasinda orijinal govde
bicimine goére sergilenmesi planlanmaktadir Makalede,
Yenikap1 12 govdesinin miizede yeniden kurulmasi ve
sergilenmesi konusu irdelenmis; Yenikapi batiklariin
sergilenmesine katki saglayacak On incelemeler ve
degerlendirmeler sunulmustur.

YK12 BATIGI

Yenikap1 12 (YK12) batig1 istanbul Arkeoloji Miizeleri’nin
stirdiirdiigii Yenikapi1 kazilarinda ortaya ¢ikarilan Theodosius
limaninda, 2007 yilinda kesfedilmistir.! Batigin kazis1 ve kazi
sonrasi ¢aligmalart Prof. Dr. Ufuk Kocabas baskanliginda,
Istanbul Universitesi Yenikap: Batiklar1 Projesi kapsaminda
gerceklestirilmigtir2  Kazi  alaninin  dogu  tarafinda,
Theodosius limani dolgusunda -1.30 kotunda konumlanmis
olan batik, i¢inde bulunan bir sikkeye goére 9. yiizyila ve
radyokarbon sonuglarina gére MS 672 ve 870 yillar1 arasina
tarihlendirilmigtir>  Teknoloji ~ ¢aligmalar1  kapsaminda
batigin dokiimantasyonu yapilmig; yapim teknigi, tasarima,
restitisyonu  ve  rekonstritksiyonu  ¢alisilmigtic.  Bu
uygulamalarin devaminda, 2016 yilinda yiizebilen gergek
boyutunda tipki yapimi inga edilmistir.> Batik ahsaplari
iizerindeki konservasyon galismalar1 IU Yenikap1 Batiklari
Uygulama ve Arastirma Laboratuvari’nda devam etmektedir.®

1 KIZILTAN 2007; KOCABAS 2008; KOCABAS 2010
2 KOCABAS 2015b
3 KOCABAS 2015a, 13

4 OZSAIT KOCABAS-KOCABAS 2008; OZSAIT KOCABAS 2013; OZ-
SAIT KOCABAS 2018 o
5 OZSAIT KOCABAS 2009; OZSAIT KOCABAS 2016

6 KILIC 2017b

ABSTRACT

The shipwreck Yenikap1 12 was uncovered in the eastern part
of the Yenikap1 excavation area in Istanbul, along with its
amphorae. The in-situ documentation of the shipwreck in the
excavation area and its 3D documentation in the laboratory
have been completed, and a full-scale replica was built upon
examining its construction method and restitution. Based
on these examinations, Yenikapt 12 is a small merchantman
with sail, working coastal waters, which is approximately
9.24 m long, and 2.64 m wide. The ongoing conservation
of the timbers includes PEG (Polyethylene glycol) pre-
impregnation and vacuum freze-drying procedures. We
intend to display the YK12 in accordance with its original
hull shape following conservation of the timbers. The article
discusses reassembly and display of the hull of the Yenikap1
12; and presents preliminary examinations and evaluations
that will contribute to displaying Yenikapi shipwrecks.

YK12 SHIPWRECK

The Shipwreck Yenikap1 12 (YK12) was discovered in 2007
in the Theodosian Harbour, which was uncovered during the
Yenikapi excavations conducted by Istanbul Archaeological
Museums.' The excavations and post-excavation works of the
shipwreck were completed within the scope of the Istanbul
University Yenikap1 Shipwrecks Project under the direction
of Prof. Ufuk Kocabas.? The shipwreck was located on the
eastern part of the excavation area at -1.30 m level within
the deposits of the Theodosian Harbour, and it was dated to
the 9™ century based on a coin found and to between 672 and
870 AD based on radiocarbon results.* The technological
studies included documentation along with construction
technique, design, restitution and reconstruction of the
shipwreck.* These studies were followed by construction
of a full-scale floatable replica in 2016.° The conservation
treatment of the shipwreck’s timbers has been ongoing at the
IU Yenikap1 Shipwrecks Application and Research Center.®
1 KIZILTAN 2007; KOCABAS 2008; KOCABAS 2010

2 KOCABAS 2015b

3 KOCABAS 20153, 13

4 OZSAIT KOCABAS-KOCABAS 2008; OZSAIT KOCABAS 2013;
OZSAIT KOCABAS$ 2018
5 OZSAIT KOCABAS 2009; OZSAIT KOCABAS 2016

6 KILIC 2017b

*Do¢. Dr. Isil Ozsait-Kocabas, igmimar-restorator, Orcid ID: 0000-0002-1926-0764. istanbul Universitesi, Edebiyat Fakiiltesi, Sualt: Kiiltiir

Kalintilarin1 Koruma Anabilim Dal.

*Dog. Dr. Isil Ozsait-Kocabas, interior architect-restorator, Orcid ID: 0000-0002-1926-0764. Department of Conservation of Marine Archaeological

Objects, Faculty of Letters, Istanbul University.
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KORUNMUSLUK DURUMU VE GOVDE KONSTRUKSIYONU

Yenikapt 12 batiginin ahsap elemanlarinin biiyiik
cogunlugu orijinal yerinde ve biitlinliigli bozulmamis
halde giinlimiize ulagmistir. Yaklasik 7 m uzunluk
ve 2,3 m genislikteki govde kalintisinin iki tarafi
bir birine yakin oranda korunmustur (Fig. 1).
Teknenin omurgasi, merkez omurga (Om 3), bas
ve ki¢c bodoslama topuklar: (Om 2 ve Om 4) ile bag
ve ki¢ bodoslamalar (Om 1 ve Om 5) olmak iizere
bes parcadan olusmaktadir. Dogu kayini (Fagus
orientalis L.) agacindan bi¢imlendirilmis olan 3,63
m uzunlugundaki merkez omurga besik bicimlidir.
Giirgen agacindan (Carpinus betulus L.) bas ve kig
bodoslama topuklart omurgayla birlikte biitlin olarak
ele gegmis; ayni agactan bodoslama pargalari bunlarin
u¢ kisimlarinda korunmustur. Govdenin sancak
tarafinda 9 sira ve iskele tarafinda 8 sira kaplama
tahtast giiniimiize ulagmistir. Kestane agacindan
olan kaplama tahtalari, uzun ve kisa tahtalarin
birlestirilmesiyle, ikiser parcadan olusmustur. Bu
tahtalar S-bigimli parile ile birlestirilmistir. Govdenin
belirgin bir kaplama paterni vardir. Uzun kaplama
tahtalar1 kig-bag doniistimiiyle diizenlenmistir. Alt
gdvdesi burma tahtasindan birinci ¢apa tahtasina kadar
diizenli araliklarla kenar kavelalariyla birlestirilmistir.

TINA

Fig. 1: YK12 bati§inin

in situ durumu. (B.Kdsker)
Fig. 1: Shipwreck YK12 in
situ. (B.Kogker)

PRESERVATION STATE AND HULL CONSTRUCTION

A majority of the wooden elements of the shipwreck
Yenikapt 12 has survived to today intact and in-situ.
With a length of 7 m and a width of 2.3 m, both sides
of the hull have been preserved in similar proportions
(Fig. 1). The keel consists of five parts, including the
central keel (Keel 3), curved keel timbers at the bow
and stern (Keel 2 and Keel 4) and stem and sternpost
(Keel 1 and Keel 5). Made of oriental beech (Fagus
orientalis L.), the 3.63 m long central keel has the
shape of a cradle. The curved keel timbers made of
hornbeam (Carpinus betulus L.) were discovered as a
whole together with the keel; fragments of the posts
made of the same wood have been well preserved
at their ends. Nine planking strakes on the starboard
side and eight planking strakes on the port side of the
hull have survived. Made of chestnut, these strakes
consisted of two planks, combining one long and one
short. They were joined by S-shaped scarfs. The hull
has a remarkable planking pattern. The long planks
were organized in a way that were alternating from
bow to stern. The hull was joined with regularly spaced
dowels from the garboard up to the first wale (Wale 1),
which was found insitu between the eighth and ninth
strakes on the starboard of the shipwreck.
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Batigin sancak yaninda, sekizinci ve dokuzuncu
kaplama siralarmin arasinda birinci c¢apa tahtasi
(SCT1) orijinal yerinde bulunmustur. Kaplamalarin
i¢ yiizeyleriyle yiizbeyliz sekilde yerlestirilmis olan
capa tahtasi dis ylizeyinde tagkin kavisli bir formdadir.
Sancak tarafinin en {ist ¢apa tahtas1 (SCT3), batigin
ki¢ tarafinin govde altinda, kiipeste ile birbirlerine
bagl olarak ele gegmistir. 25 adet dosek ve bunlarin
15 adet postasi giiniimiize ulagmigtir. Ddsekler
mese (Quercus L.; 14 adet), ceviz (Juglans L.; 8
adet), giirgen (Carpinus L.; 2 adet) ve digbudak
(Fraxinus L.; 1 adet) agaclarindan yapilmistir.
Postalarin  tamami disbudak agacindandir. Egri
sistemi, tam dosek ve ayni hizada devam eden kisa
ve uzun postalar halinde tasarlanmistir. Iki tarafinda
asimetrik olan “L bi¢imli” déseklerin kisa kollari
karina doniisiinde bitmekte; uzun kollar1 9. kaplama
ya da onun ustiindeki siraya ylikselmektedir. Egri
paterni, uzun dosek kollarmin sancak ve iskele
taraflarinda doniisiimli dizilimi seklindedir. Teknenin
kic tarafinda, miirettebatin esyalar1 ve mutfak
malzemeleri igin yapilmig 6zel bir kanalli bdlme
konstriiksiyonu bulunmaktadir. Doéseklerin iizerine
yerlestirilmis olan disbudak agacindan yelken yatagi
(YY44), teknenin ortasina yakin bir konumda, biitiin
halde in situ yerinde korunmustur. Mese agacindan
yapilmig, 43 adet i¢c kaplama sirasi egrilere bagh
olarak giliniimiize ulagsmistir. Ambar kismi boyunca
teknenin alt ve yan ylizeylerini kaplayan i¢ kaplama
tahtalari, bir sistematik i¢inde iist liste bindirilerek
yerlestirilmistir.” Gévde kalintis1 tizerindeki pek ¢ok
ipucu YK12’nin konstriiksiyonunda kabuk felsefenin
giiclli etkisini gostermektedir. YK12 alt govdesinde
kabuk-temelli prensipler ve tasarim kullanilarak,
karma konstriiksiyon ile inga edilmistir.?

BELGELEME

Batik kazi alaninda in situ durumda, 3B Total
Station® Ol¢iim ve AutoCAD® ¢izimleri, tam 6l¢ekli
el ¢izimleri, fotograf, foto-mozaik, video ve gorsel
degerlendirmelerin islenmesi ile belgelenmistir.’
Yenikap1t 12, demonte edilerek kazi alanindan
kaldirllmistir.'®  Biitiinligiinii  koruyan govdede,
istteki elemanlar nedeniyle goriilemeyen baglanti
elemanlari, gegme 6zellikleri ve bigimsel veriler, batik
elemanlan sokiildiikge in situ yerinde fotograflanmus,
¢izilmis ve not edilmistir.

7 OZSAIT KOCABAS-KOCABAS 2008, 112-124; OZSAIT KOCA-
BAS 2018
8 OZSAIT KOCABAS 2018, 380

9 OZSAIT KOCABAS 2008
10 KOCABAS-YILMAZ 2008; KOCABAS vd. 2012
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The wale, which was placed face to face with the inner
surfaces of the planks, has a protruding curved form on
the outer surface. The uppermost wale of the starboard
(Wale 3) was found under the hull on the starboard side
as fastened to a caprail. A total of 25 floor-timbers and
their 15 futtocks have survived. The floor-timbers were
made of oak (Quercus L.; 14 pcs), walnut (Juglans L.; 8
pcs), hornbeam (Carpinus L.; 2 pcs) and ash (Fraxinus
L.; 1 pe) trees. All of the futtocks are ash. The framing
system was designed in precise floor-timber and short
and long futtocks running in the same alignment. The
shorter arms of the L-shaped floor-timbers, which
were asymmetrical on both sides, finish at the turn-of-
the-bilge, and their long arms extend to the strake 9 or
the row above it. The framing pattern consists of long
arms of the floor-timbers alternately aligned between
starboard and port sides. Towards the stern, there was
a separate partition constructed for personal belongings
of the crew and utensils. The mast-step made of ash
tree placed on floor-timbers has been well preserved in
situ in place and intact close to the center of the vessel.
A total of 43 ceiling planks made of oak tree have
survived as secured to the floor-timbers. These ceiling
planks covering the bottom and lateral surfaces of the
hull throughout the hold were systematically placed by
superimposing one over the next.” Many clues from the
hull remains indicate a strong influence of a shell-based
philosophy in the construction of YK12, which was
built by a mixed construction technique, using the shell-
based principles and features for the lower hull.®

DOCUMENTATION

The shipwreck was documented in situ in the
excavation site using 3D Total Station® measurements
and AutoCAD® drawings, full-scale hand drawings,
photography,  photo-mosaic, video and visual
evaluations.” The shipwreck Yenikapi 12 was dismantled
and lifted from the excavation area.!’ In the intact hull,
fasteners, joining details, and formal data which were
not visible due to upper elements were photographed
in situ, drawn, and written down as the timbers were
removed. The framing system consisting of floor-timbers
and futtocks and underlying visible planks, which were
revealed after removal of the entire ceiling planks, were
all labelled, and measured again by Total Station® for
3D recording. This procedure was repeated for the shell
structure which consisted of planks after removal of the
framing system.

7 OZSAIT KOCABAS-KOCABAS 2008, 112-124; OZSAIT KOCA-
BAS 2018
8 OZSAIT KOCABAS 2018, 380

9 OZSAIT KOCABAS 2008
10 KOCABAS-YILMAZ 2008; KOCABAS et al. 2012



I¢ kaplamalarm tamami sokiildiikten sonra ortaya
cikan dosek ve postalardan olusan egri sistemi ve
altlarindaki goriilebilen kaplamalar etiketlenmis;
tekrardan Total Station® Ol¢iimleri alinarak ¢
boyutlu kayit edilmistir. Bu islem egri sistemi
kaldirildiktan sonra kaplamalardan olusan kabuk yap1
icin tekrarlanmistir. Bu li¢ boyutlu ¢izimler, sokiimiin
belirli asamalarinda tekrarlanan fotograf ¢ekimleri
ve foto-mozaik ¢aligmalar sayesinde YK 12’ nin egri
sisteminin ve kaplamalarindan olusan kabuk yapisinin
orijinal bi¢imini yakalamak miimkiin olmustur.
Sokiim iglemlerinin ardindan, kasalar i¢indeki ahsap
elemanlar, Istanbul Universitesi Yenikap: Batiklar1
Uygulama ve Arastirma Laboratuvari bahgesindeki
tuzdan arindirma havuzlarina tasinarak koruma
altina alinmistir. Batik ahsaplariin laboratuvardaki
belgelemesi, FaroArm® cihaz1 ve Rhinoceros® 4
yazilimi ile 1:1 6lgekli 3B gizimler, fotograflama ve
elemanlarin ek yerlerinin sokiilerek tiim ayrintilarin
kayit edildigi katalog degerlendirmeleri olarak iic
paralel koldan yiiriitiilmiistiir."" YK 12 ahsaplarinin
birebir ¢izim ve katalog c¢alismalari, 2 seneye
yakin siirmiistiir. Bu siire i¢inde, boylar1 1 m ile 6
m arasinda degisen yaklasik 73 parcadan olusan i
ve dig kaplamalarinin her biri iist ve alt yiizlerinden,
boylar1 1,5 m’yi bulan 25 adet dosek ve 50 cm’ye
ulagsan 15 adet postasinin ve diger elemanlarinin
her biri dort yiiziinden ¢izilerek, diger elemanlarla
birlikte toplamda 120 parca belgelenmistir.

RESTITUSYON VE REKONSTRUKSIYON

Batigin eksik parcalarinin restitisyonu, arkeolojik
kalintidan elde edilen orijinale en yakin 6neriler, diger
arkeolojik kanitlarla desteklenen kabul edilebilir
oneriler ve tamamen hipotetik olan kisimlar olarak
baslica ii¢ boliimde gelistirilmistir. Ahsap elemanlar
bi¢imlerini korumus halde, orijinal konumlarinda ve
birbirlerine bagli olarak bulunmustur. Bu biitiinliik
sekilsel ve aksiyel bozulmalar1 dnlemistir. iki tarafi
da korunmus olan gdvdede, kiipeste ve yelken
yatag1 gibi nadir elemanlar ele ge¢cmistir. Arkeolojik
kalintidan gelen bu veriler ulagilan orijinal bilgiyi
arttirmis ve dogru ¢ogaltilmasini saglamistir. Batiin
enine simetrisindeki eksik kisimlar, doseklerin
korunmus olan sancak kollarnin bi¢iminin iskele
tarafina yansitilmasi yoluyla tamamlanmistir. Boyuna
hatlar, mevcut kaplama hatlarinin bodoslama kavisi
ile cakistirilmasi ve govdenin orijinal hatlarinin
uzatilmasi ile gergeklestirilmistir. Mevcut kiipestenin
boyuna kavisi goOvdenin siyer hattina referans
olmustur.

11 OZSAIT KOCABAS 2013
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The documentation by 3D drawings, photographs and
photo-mosaic images that were repeated at certain
periods of the disassembling process enabled us to
comprehend the original shape of the framing system
and shell structure of the shipwreck YK12. Following
disassembling, the timbers that were placed in crates
were moved to the desalination tanks in the outdoor
area of the IU Yenikap1 Shipwrecks Application and
Research Center for preservation. The documentation
of timbers at the laboratory was carried out using
three different methods simultaneously, including full-
scale 3D drawing by FaroArm® and Rhinoceros® 4
software, photography and cataloguing where joints
of all elements are dismantled, and all details were
recorded." Full-scale drawings and cataloguing of the
YK 12 timbers were completed in almost two years.
During this period, surface and underside of each ceiling
planks and planking strakes consisting of 73 pieces with
a length ranging from 1 m to 6 m, and four sides of
the 25 floor-timbers with a length up to 1,5 m, and 15
futtocks with a length up to 50 cm and other elements
were drawn, thus documenting 120 parts all together.

RESTITUTION AND RECONSTRUCTION

The restitution of the missing parts of the shipwreck was
developed in three main sections; suggestions closest to
the original from the archeological remains, acceptable
suggestions supported by other archaeological evidence
and entirely hypothetical parts. The timber elements
were found in situ and their original forms, connected
to each other. Their integrity prevented any shape and
axial deformations. The hull which was preserved on
both sides revealed rare elements such as caprail and
mast-step. The information from these archaeological
remains enhanced the original data reached and enabled
an accurate reproduction. The missing parts in the
transversal symmetry of the shipwreck were completed
mirroring the hull lines of the starboard side that have
survived intact to the port side. The longitudinal lines
were assembled by overlapping the existing planking
strakes with the stem curve and extending the original
strakes of the hull. The longitudinal curvature of the
existing caprail was used as a reference to the sheer line
of the hull.

11 OZSAIT KOCABAS 2013
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Fig. 2: YK 12 teknesinin endaze ¢izimi. (I. Ozsait Kocabas, M.O. Avci)
Fig. 2: Linesplan of the YK 12 hull. (I. Ozsait Kocabas, M.O. Avci)

Kazi alaninda, batikla aym yiizyila tarihlenen bir
amfora iizerindeki Latin yelkenli gemi betimi'? ile
YK12’yebenzer dzellikte ve farkli kisimlari korunmus
olan Yenikap1 batiklar1 restitlisyonun dogruluguna
biiyiik katki saglamistir. Teknenin kayip kisimlarinin
restitiisyonu, yazili ve ikonografik kaynaklar, diger
batik aragtirmalari, batigin insa gelenegini yansitan
etnografik Ornekler ile desteklenmistir. Cesitli
Olceklerde fiziksel ve dijital modelleri, goriiniis
ve endaze cizimleri, 2B ve 3B olarak gerekli
kontrollerin yapilmasini ve hatlarin gelistirilmesini
saglamistir.”® 2018 yilinda tam olgekli yiizebilen
YK12 replikasinin ingasi sirasinda, teknenin ytizerligi
ile 1ilgili calismalar yapilmig; omuzluk diimeni,
yelken donanimi gibi kayip elemanlarin boyutsal,
bicimsel, konumsal durumlar1 detaylandirilmis; 1:1
Olcekte replika lizerinde denenmis; seyir sirasinda
test edilmis ve edinilen bilgiler ile restitiisyon dnerisi
revize edilmistir (Fig. 2).

Restitlisyon ve rekonstriiksiyon ¢alismalarina gore,
YK12, kiy1 denizciligi yapan kiigiik bir ticaret
teknesidir. Tek direkli Latin yelken donanimi ile
hareket ettirilmekte ve doneminin karakteristigi olan
iki ¢eyrek diimenle kontrol edilmektedir.'*

12 GUNSENIN-RIETH 2012
13 OZSAIT KOCABAS 2018, 382-386
14 EVGENIDOU 1997: 38; PRYOR 2004: 43
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A depiction of a lateen-rigged ship on an amphora dating
to the same century as the shipwreck!? and the Yenikap1
shipwrecks having similar features with YK12 and
different preserved parts have substantially contributed
to the accuracy of restitution.

The restitution of the missing parts of the ship was
also supported by written and iconographic sources,
other studies on shipwrecks, and ethnographic samples
reflecting the construction tradition of the shipwreck.
Physical and digital models of various scales, and
overview and line drawings enabled necessary 2D and
3D verifications and development of the lines.” In 2018,
during the construction of a full-scale sailing replica of
YK12, buoyancy of the ship was tested; the dimensional,
formal and positional states of the missing elements
such as quarter rudder and rigging were detailed; they
were tested on a 1:1 scale replica; they were also tested
while sailing and the suggestion for restitution was
revised based on the information obtained (Fig. 2).
According to restitution and reconstruction works,
it appears that YK12 was a small merchant vessel
working coastal waters. It was propelled by a single-
mast lateen-sail rig and steered by two quarter rudders,
a characteristic of the period.'*

12 GUNSENIN-RIETH 2012
13 OZSAIT KOCABAS 2018, 382-386
14 EVGENIDOU 1997: 38; PRYOR 2004: 43



Ki¢ tarafinda o6zel kapali bir bdélmeye, bas, kig
ve yan giivertelere; Ustli acik bir ambara sahiptir.
Ambar kisminin bulundugu alanda, govde alt1 agisi
olabildigince diisiik ve diiz diplidir. Govde plani,
bag ve ortasinda genis, ki¢ kismina dogru daralarak
incelen bir yapidadir. Besik bi¢cimli omurgasi, iki
tarafinda kavisli bodoslamalar ile karakteristik bir
yan goriiniise sahiptir. Uzunlugu (LOA) en az 9,24
m, genisligi (Bm) 2,64 m ve derinligi (D) 1,10
m’dir. Tepeleme doldurulan 3,20 m uzunlugundaki
ambarinda ortalama 210, max. 250 amfora
tagimaktadir. Geminin yiiklii agirligi yaklagik 5.2 ton,
tahmini kargo kapasitesi yiiklii su hattinda 3,26 ton
olarak hesaplanmistir.'

KONSERVASYON

Yenikap1 12 ahsaplart kazi alanindan kaldirildiktan
sonra, IU Yenikap: Batiklar1 Projesi Uygulama
ve Arastirma Laboratuvari’nin ag¢ik alanindaki
paslanmaz c¢elik havuzlara yerlestirilmistir. Bu
havuzlarda gergeklestirilen tuzdan arindirma
siireci, yaklagik 8 ay siirerek, Ocak 2010 tarihinde
tamamlanmustir.'® Batik ahsaplarinin maksimum su
icerigi, yogunlugu ve kimyasal degisimleri {izerine
yapilan analizlerde, ahgaplarin su igeriginin yaklagik
olarak 500-1000 (%w/w), yogunluklarmin 0,09-
0,18 g/cm® oldugu ve polimer degradasyonuna
ugradigi belirlenmistir.!” Bozulma ile ahsap dokusu
arasindaki iligki degerlendirildiginde YK 12 batigimin
ahsaplarindaki bozulmanin tiim dokularda esit
olarak gergeklestigi tespit edilmistir. Ancak ahsabin
agirligini arttiran ve oldukc¢a yumusak hale getiren bu
durum, ahsap elemanlarin hacminde bozulmalara yol
acmamis ve boyutlar orijinal 6l¢iilerinde kalmigtir.
Oncesinde demir ve bilesiklerinden temizlenen
ahsaplarin PEG (polietilen glikol) emdirmesi 10
Subat 2012 tarihinde baslamistir. Ahsaplardaki
konsantrasyon %30’a kadar PEG 2000 ile yapilmis;
%30’dan final konsantrasyonu olan %45’e¢ kadar
PEG 3000 ile devam edilmistir.'®* Emdirme siirecinde
PEG’in ahsaptaki dagilimi FT-IR analizleri ve SEM
goriintiilemeleri ile takip edilmistir. Subat 2017
tarithinde tiim ahsaplarin PEG’i emdigi ve ahsap
hiicrelerinde homojen bir dagilim gosterdigi tespit
edilmistir.” Vakumlu dondurarak kurutma stireci,
teknenin diger elamanlarina gore daha kii¢iik boyutlu
olan dosek ve postalar ile baslamistir.

15 OZSAIT KOCABAS 2018, 386

16 KOCABAS 2017; KILIC 2017b, 181

17 OZDEN vd. 2012, 56; KILIG 2017b, 58
18 KOCABAS 2017; KILIC 2017b, 86

19 KILIC 2017b, 101, 188
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It had a closed compartment towards the stern, partial
decks at the bow and stern, side decks and an open hold.
In the area of the hold, the angle of the deadrise is as
small as possible and it has a flat-bottom. The plan of
the hull is wide in the bow and amidships, tapering
towards the stern. It has a characteristic side view with
its rockered keel and curved posts on both sides. It has a
length overall (LOA) of 9.24 m at least, a beam (Bm) of
2.64 m and a depth (D) of 1.10 m. The 3.20 m long hold
has a capacity for an average of 200 or maximum 250
amphoras when full to the beam. The gross weight was
around 5.2 tons, and the estimated cargo capacity was
3.26 tons at the loaded waterline.!s

CONSERVATION

The timbers of shipwreck Yenikapt 12 were placed
in the stainless-steel storage tanks in the open area
of the IU Yenikapt Shipwrecks Project Application
and Research Laboratory after being lifted from the
excavation site. The desalination process that was
carried out in these tanks lasted approximately 8
months, and completed in January 2010.' Analyses
on the maximum water content, density and chemical
changes of the timbers showed a water content of
approximately 500-1000 (%w/w), a density of 0.09-
0.18 g/cm?, and a polymer degradation.!” An evaluation
of the relationship between the degradation and the
wood texture revealed that degradation in the timbers
of the shipwreck YK12 occurred evenly in all textures.
However, this event, which increased the weight of
the timber and made it quite soft, did not result in any
degradation in the volume of the timber elements so that
they retained their original dimensions. After removal
of the iron and its compounds, the PEG (Polyethylene
glycol) impregnation treatment on the timbers started on
February 10, 2012. The timbers were impregnated with
a concentration up to 30% of PEG 2000 and continued
with 30% to a final concentration of 45% of PEG 3000.'®
During the impregnation process, the distribution of
PEG in timbers was monitored by FT-IR analysis and
SEM images. In February 2017, it was determined that
PEG was absorbed into all timbers, with a homogeneous
distribution in wood cells."” The vacuum freeze-drying
process was initiated with floor-timbers and futtocks,
which are smaller compared to other elements of the
wreck.

15 OZSAIT KOCABAS 2018, 386

16 KOCABAS 2017; KILIC 2017b, 181

17 OZDEN et al. 2012, 56; KILIC 2017b, 58
18 KOCABAS 2017; KILIC 2017b, 86

19 KILIC 2017b, 101, 188

139



TINA

[lk grubun vakumlu dondurarak kurutmasi
tamamlandiktan  sonra, bu ahsap elemanlarin
konservasyon Oncesi ve sonrast 1:1 ¢izimleri

karsilastirilmigtir.  Egrilerde herhangi bir boyutsal
degisim veya form bozulmasi gorilmemistir.”’
Yiizeylerinde biriken PEG kalintilar1 temizlendikten
sonra ahsap elemanlar, ortalama %50-55 arasindaki
bagil nem degerlerinde ve 18-20°C sicaklikta ayarlanmis
bir depo ortaminda koruma altina alinmistir. Depolanan
ahsaplarda yapilan Olgiimlerde, asidite sorununun
olusmadigi  belirlenmistir.  Depolama  alaninda,
sicaklik, bagil nem ve pH kontrolleri diizenli olarak
yapilmaktadir.?' 11k grubun konservasyonundan sonraki
durum degerlendirmeleri sonucunda, YK12’nin diger
ahsap elemanlarinin vakumlu dondurarak kurutmasinin,
bir miize binas1 inga edilene ya da sergileme asamasina
kadar durdurulmasi ve ahgaplarin emdirme tanklarinda
bekletilmesi karar1 alinmistir. PEG ¢ozeltisi igerisinde
ahgabin uzun siireler kalmasi, emdirme agisindan
olumsuz bir durum teskil etmedigi bilinmektedir.”> Bu
sekilde, konservasyon sonrasi uzun siireli depolamanin
olusturacag risklerin engellenebilecegi diigiintilmiistiir.

DONDURARAK KURUTMA ONCESI SEKILLENDIRME
YK12’nin miize sergilemesinin orijinal gévde bi¢imini
yansitacak  sekilde  yapilmasi  planlanmaktadir.
Konservasyon oncesinde kapsamli restitiisyon ve
rekonstriiksiyon ¢aligmalarinin gerceklestirilmis olmast,
bu kararda etkili olmustur. PEG ile konservasyonu
gergeklestirilmis  ve  orijinal gdvde  big¢iminde
sergilenmekte olan batik govdelerinde, sekillendirme
asamasi, kurutma Oncesinde ya da yeniden kurulum
sirasinda olmak tizere fakli zamanlarda yer almaktadir.
Ahgaplarinda PEG tam emdirmesi yapilan Skuldelev,”
Hedeby 1,>*Ma’agan Michael, Girne** ve Ser¢e Limani?’
batiklari sergileme sirasinda, rekonstriiksiyonlarina gore
bulunan orijinal bi¢imlerini saglayan kaliplarda 1s1 ile
sekillendirilmigtir. %40°lik PEG emdirmesi uygulanmig
Roskilde 6% ve Barcode 6% batiklarinin ahsaplari,
emdirme sonrasinda geminin rekonstriiksiyonuna gore
sekillendirilerek vakumlu dondurarak kurutma cihazina
yerlestirilmistir.

20 KILIC 2017b, 194
21 KILIC 2020, 140
22 KILIC 2017b, 187

23 CRUMLIN PEDERSEN 2002a, 90-91; PETERSEN-STRAETK-
VERN 2020: 61
24 CRUMLIN PEDERSEN vd. 1997:76, 78

25 KAHANOV 2011, 166
26 KATZEV 1981, 317
27 BASS-VAN DOORNINCK 2004, 65-67

28 GOTHCHE-STRATKVERN 2017: 376; PETERSEN-
STRATKVERN 2020: 60
29 VANGSTAD vd. 2020: 88
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After completion of the vacuum freeze-drying process
of the first group, pre- and post-conservation drawings
at 1:1 scale of these wooden elements were compared.
No dimensional change or deformation was observed
in frames.” Following the removal of excess PEG on
their surfaces, the wooden elements were taken under
protection in a storage area with a relative humidity
of 50 to 55% and a temperature of 18 to 20°C. The
measurements in the stored timbers showed no acidity.
The temperature, relative humidity and pH are regularly
controlled in the storage area.?' As a result of the
assessment of the conditions following the conservation
process in the first group, we decided to discontinue the
vacuum freeze-drying process and keep other timbers
of YK12 in impregnation tanks until the construction
of a museum building or until an exhibition. It is
already known that prolonged periods of being soaked
in a solution of PEG have no negative impact on
impregnation for timbers.” In this way, we thought
that the risks associated with long-term storage after
conservation could be prevented.

SHAPING BEFORE FREEZE-DRYING

We plan to display YK12 in a way that will reflect the
original shape of the hull. Completion of the restitution
and reconstruction works before conservation had an
impact on this decision. For the hull of shipwrecks
that have been conserved with PEG and displayed in
their original shape, the shaping is manipulated at
different stages before the drying process or during the
reassembly. The shipwrecks Skuldelev,”® Hedeby 1,
Ma’agan Michael,” Girne®® and Serce Limani*” which
have been impregnated with PEG were thermoformed
in moulds that gave their original shape according
to their reconstructions during the display while the
timbers of the Roskilde 6*® and Barcode 6% shipwrecks,
which were treated with 40% PEG impregnation, were
shaped according to the reconstruction of the ship and
then placed into the freeze-drying device.

20 KILIC 2017b, 194
21 KILIC 2020, 140
22 KILIC 2017b, 187

23 CRUMLIN PEDERSEN 2002a, 90-91; PETERSEN-STRATK-
VERN 2020: 61
24 CRUMLIN PEDERSEN et al. 1997:76, 78

25 KAHANOV 2011, 166
26 KATZEV 1981, 317
27 BASS-VAN DOORNINCK 2004, 65-67

28 GOTHCHE-STREATKVERN 2017: 376; PETERSEN-
STRATKVERN 2020: 60
29 VANGSTAD et al. 2020: 88
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Fig. 3: Batik kaplamalarinin kallplar ile kaldirilmasi. (Yemkapl Batiklari Projesi Arsnvn)
Fig. 3: Plank lifting in moulds. (Yenikap1 Shipwrecks Project Archive) ;

Konunun uzman isimlerinden Petersen ve Stratkvern’in
ifade ettikleri gibi,® yeniden kurulumdaki 1s1 ile
sekillendirmeler sonucunda olugabilecek ahsap hasari
ve PEG oksidasyonu sorunu, kurutma dncesinde yapilan
bi¢cimlendirmede ortadan kalkmaktadir. YK12, kazi
alanindan sokiilerek kaldirilmasi, detayli belgeleme
ve rekonstriiksiyon calismalarinin  tamamlanmis
olmasi, diger uygulamalara gore daha az maliyetli
ve yeniden kurulumdaki sekillendirme hasarini
onledigi kabul edilen® kurutma oOncesi sekillendirme
icin uygun bir batiktir. Bununla birlikte, uygulanan
%45’lik PEG konsantrasyonu nedeniyle YK12’nin
ahsaplari, tam emdirme yapilmis ahgaplarin tersine,
yeniden kurulum sirasindaki isitilarak bigimlendirmeye
uygun degildir. PEG tam emdirmesi ile iglem gormiis
ahsaplarda 1sitilma ile meydana gelen yumusama ve
sekil alabilirligin tersine, YK12 ahsaplarinda PEG’in
¢Oziinlip dokulardan akarak uzaklagmasi sorunu ortaya
cikacaktir. Bu dogrultuda, emdirme tanklarinda bekleyen
ahsap elemanlarin, YKI12’nin rekonstriiksiyonundan
elde edilen birebir ¢izimlere gore hazirlanan kaliplar
icinde kurutulmasina karar verilmistir. Diger Yenikapi
batiklarinda oldugu gibi, YK12 batig1 da kazi alaninda,
ahsap elemanlarin mevcut bigimlerini muhafaza eden
kaliplar i¢inde sokiilerek kaldirilmigtir (Fig.3).32

30 PETERSEN-STRETKVERN 2020: 62

31 STRATKVERN vd. 2009
32 KOCABAS vd. 2012

As described by experts such as Petersen and
Streetkvern,® any damage to the timbers and PEG
oxidation problems that may arise as a result of
thermoforming during reassembly is eliminated through
shaping before drying process. YKI2 is a suitable
wreck for pre-drying shaping, which is considered less
expensive and helps prevent any damage by shaping
during reassembly compared to other procedures®
in addition to being lifted after dismantling from the
excavation site, and completion of comprehensive
documentation and reconstruction works. On the other
hand, due to the 45% PEG concentration applied, it
is not suitable for thermoforming during reassembly
unlike fully impregnated timbers. In contrast to the
softening and plasticity that occur by heating in timbers
fully impregnated with PEG, it will lead to dissolution
and leakage of PEG from the textures of the YKI2
timbers. Based on this, we decided to dry the timbers
waiting in the impregnation tanks inside the moulds
prepared according to the full-scale drawings obtained
from the reconstruction of YK12.  As in the other
Yenikap1 shipwrecks, the shipwreck YK12 was also
lifted disassembling the timbers inside moulds that
retained their original shapes (Fig. 3).*

30 PETERSEN-STRATKVERN 2020: 62
31 STRAETKVERN et al. 2009
32 KOCABAS et al. 2012
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Bu  kaliplar, Temmuz 2007°de  laboratuvara
tasinmalarindan Subat 2012 yilinda emdirme iglemlerine
baglayana kadar havuzlarda ahgsaplara tastyicilik
yapmustir. Belgeleme igin alinip geri koyulma ve gecen
slire¢ nedeniyle bazi yerlerinde olusan ¢dkme ve parga
kayiplart emdirme islemi Oncesinde tamir edilmistir.
Dolayisiyla zaten orijinaline yakin bigimlerde olduklar
i¢in, kaplamalar gibi uzun elemanlarin kurutma dncesinde
sekillendirmesi, daha ¢ok sarkan kenarlarin toparlanmasi
seklinde olacaktir. YK12’nin burma tahtalar1 572 cm,
kaplamalar 96-480 cm arasinda degisen uzunluklardadir
(Fig. 4). 1U Yenikap1 Batiklar1 Projesi Uygulama ve
Aragtirma Laboratuvari’nda bulunan hazne uzunlugu
8,50 m x ¢ap1 2,10 m Oolgiilerindeki bilyiikk boyutlu
vakumlu dondurarak kurutma cihaz1 kaplamalarin
mevcut uzunlugunda bigimlendirerek kurutulmasina izin
vermektedir. Dondurarak kurutma cihazi haznesindeki
tablalara yerlestirilmeleri asamasinda, sekillendirme
kaliplart ile birlikte ahsaplarin dig sinirlarma gore
sablonlar hazirlanmasi ve bunlarla bir yerlestirme
tasarim1 yapilmasi, agir ve uzun pargalarin defalarca yer
degistirmesini ve fazladan hasar almasini Onleyecek;
islem sayisim diisiirecektir.*® Farkli kuruma siirelerine ve
1slak kalan alanlara neden olacagi igin,** yerlestirilmesi
sirasinda ahsaplarin {ist iiste temas etmemesine ya
da gereginden fazla yakin yerlestirilmemesine dikkat
edilmelidir.

33 VANGSTAD vd. 2020: 88; STRETKVERN vd. 2016, 380
34 KILIC 2017b, 190

SK1 (Sancak burma tahtasi), PS1

These moulds served as carriers in the tanks beginning
from their transfer to the laboratory in July 2007 till
initiation of the impregnation procedures in February
2012. The depressions and lost fragments in certain
places resulting from their removal and re-placement
for documentation and in the course of time were
repaired before treatment with impregnation. Thus,
shaping of long elements such as planks prior to drying
will be rather collecting the deformed edges together
since they already have a form similar to the original.
The length of the YK12 garboards is 572 cm, while the
planks range from 96 to 480 cm in length (Fig. 4). The
large vacuum freeze-drying machine with a chamber
length of 8.50 m and a diameter of 2.10 m at the IU
Yenikap1 Shipwrecks Project Application and Research
Center allows shaping and drying of the planks in their
available lengths. During placement of the planks onto
the trays in the freeze-dryer chamber, preparing models
according to the outer borders of the timbers along
with shaping moulds, and a layout plan will help avoid
repeated turns of heavy and long timbers and any further
damage, reducing the number of manipulations.*® As it
will result in different drying periods and wet areas,**
it is important to pay attention to avoid any contact
between timbers on top of each other or placing them
closer than required.

33 VANGSTAD et al. 2020: 88; STRETKVERN et al. 2016, 380
34 KILIC 2017b, 190

Inner Face

SK2 (Sancak kaplamast), PS2

Inner Face

< Kig taraf, aft

Fig. 4: Burma ve ikinci sancak kaplamasinin FaroArm ¢izimi. (C. Ciner, C. Sanligengler)
Fig. 4: FaroArm drawing of garboard and second starboard planking. (C. Ciner, C. Sanligencler)
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Benzer sekilde, tasarlanan kaliplarin 1zgara bigiminde
bosluklu konstriiksiyonda olmasi, ahsaplarla kaliplar
arasinda temas oranmi azaltarak homojen bir 1s1 ve
radyasyon dagilimimni saglayacaktir. Sekillendirici kalip
malzemesinin, basing ve sicaklik gibi hazne igindeki
ortama uygunlugu ve PEG ile etkilesimi goz Oniinde
bulundurulmalidir. Dikkate alinmasi gereken bir diger
konu, ayni kaplamaya ait parcalarinin, tek bir kalip
icine orijinal pozisyonlarina gore yerlestirilmesi ve ilgili
konumlarma gore kavislendirilmesidir. Bu uygulama,
yeniden kurulum sirasindaki bi¢imsel eslestirmelerin
dogruluguna katki saglayacaktir. I¢ kaplamalar kisa,
benzer bigim ve uzunluklardadir. Bununla birlikte, gévde
icinin bigimine uyumlu yerlestirildikleri i¢in, bigimsel
ozellikleri korunmaldir. Ozellikle karina déniislerine
gelen i¢ kaplamalar enine yonde keskin kavislere
sahiptir. Kaliplar hazirlanirken benzer durumlar goz
oniinde bulundurulmalidir. Kurutma sonrasi restorasyon
caligmalarinda ¢ok kiiciik kirik pargalarin yapistirilmast,
bosluklu kisimlarda gerekli dolgularin yapilmasi ahsap
elemanlarin mekanik dayanimi ve kendini tagiyabilmesi
acisindan Onemlidir. Ancak, biiyiik pargalar, gdvde
bigimine uygun yerlesimi kolaylastiracagi igin, yerinde
kurulum sirasinda birlestirilmelidir.

35 JENSEN vd. 2009, 425
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Similarly, the moulds with a grid-like construction will
reduce therate of contactbetween the timbers and moulds,
enabling a homogeneous distribution of temperature and
radiation.*® The suitability of the shaping mold material
into the environment in the chamber such as pressure
and temperature and its interaction with PEG should
be taken into consideration. Another important issue is
that parts of the same planks should be placed according
to their original positions and rounded with respect
to their relevant position, which will contribute to the
accuracy of the formal matching during reassembly. The
ceiling planks are short in similar forms and lengths.
However, their formal characteristics should be retained
since they are placed in accordance with the shape of
the interior hull. Especially the ceiling planks at the turn
of the bilge have sharp cross-sectional curves. Similar
considerations should be kept in mind when preparing
the moulds. It is important to glue very small pieces
during the restoration work and fill empty sections for
mechanical stability and self-support of the wooden
elements. However, large pieces should be assembled
during on-site installation as it will facilitate placement
according to the hull’s shape.

35 JENSEN et al. 2009, 425
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Bir batigin, 6zellikle kaplamalar gibi kiviimli gévde
hatlarin1 yansitan boyuna elemanlarinin kaliplarinin,
2 boyutlu c¢izimlerden elde edilmesi miimkiin
degildir. 3 boyutlu ¢iktilar, her bir kaplama tahtasinin
konumundaki farkli yonlerdeki biikiilme ve kavisleri
saglayacaktir. Baglangigta, YK12’nin restitiisyonuna
gore, Olcekli 3B fiziksel modelinin yapilmasi dogru
hatlarin teyidi agisinda onemlidir. Sonrasinda, model
FaroArm® cihaz1 ile taranarak bilgisayar ortamina
alinmali ve govdenin dis seklini veren dijital modeli
olusturulmalidir. Bu model iizerinde, orijinal gdévde
formunda kaliplar tasarlanabilir ve CNC’de (Bilgisayarli
Niimerik Kontrol) par¢a bazinda 1:1 o6lgekte iiretilerek
birlestirilebilir. ~ Kaplamalarin  aksine, YKI12’nin
omurgasi, egrileri ve yelken yataginin kaliplart igin,
2 boyutlu restitiisyon ¢izimlerinin 1:1 ¢iktilar1 yeterli
olacaktir. Sablonlara gore, kirik pargalarinin hizalamasi
yapilarak dogru bi¢imlerinde bir araya getirilen bu
elemanlar cihaz tablasina yerlestirilerek, kuruma
sirasinda olusabilecek sekil bozulmasi riskini azaltacak
kuvvette sabitlenmelidir. Merkez omurga 363 cm, bas
bodoslama topugu 154 cm, ki¢ bodoslama topugu 178
cm olan uzunlugundadir. En bilyiik dosekler yaklasik 220
cmuzunlugunda ve 67 cm kol yiiksekliginde; postalar 75
cm uzunlugunda; yelken yatagi 205 cm uzunlugundadir.
Omurga elemanlari, yelken yatagi, dosek ve postalarin
gorece kiiciik boyutlar1 ve formlarmi korumalari
nedeniyle radikal bir sekillendirme yapilmayacak
olmasi sabitlemeyi kolaylastiracaktir. Bu elemanlardaki
sabitleme, daha ¢ok siiblimlesme sirasindaki boyutsal
degisimi dnlemek i¢in elemanlarin dogru pozisyonlarda
hareket etmeden durmasina*® yonelik olacaktir.
Sabitleme islemlerinde orijinal pargalarin yeni delikler
ya da mevcut delikler i¢inden baglanmamasi, olusacak
gerilimlerin ahsaplarda yarilmalara nedene olmamasi
icin 6nemlidir. Bu elemanlar daha ¢ok dis kiskaglar
ve seritler ile tutturulmalidir.’” Dondurarak kurutma
stirecinden sergiye kadar gegen zaman icinde, orijinal
bi¢imlerinin bozulmamasi i¢in ahsaplarin kaliplarinda
depolanmasi ya da uygun sabitlemelerin yapilmasi
onemlidir. Diger batik c¢alismalarinda karsilagilan
sorunlar, depo iklimlendirmesinin ve bu siirecteki
bigimsel korumanin 6nemini gostermektedir.*®

36 KILIC 2017b, 194
37 STRATKVERN vd. 2016, 382
38 STRATKVERN vd. 2016, 380
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The moulds of longitudinal elements of a shipwreck,
especially reflecting the curved hull lines such as planks
cannot be made based on a 2D drawing. However, 3D
printouts will provide twists and curvature of each plank
in different directions. It is important to construct a
scaled physical 3D model according to the restitution of
YK12 at the beginning in order to confirm accuracy of
the lines. Afterwards, the model should be screened and
digitalized by FaroArm® to create a model providing
outer form of the hull. Moulds in the original hull form
can be designed on this model and produced and joined
at 1:1 scale at CNC (Computerized Numerical Control)
for each piece. Unlike the planks, full scale printouts
of the 2D restitution drawings will be sufficient for
moulds of the keel, frames and mast-step of YKI12.
These elements, which are pieced together in their
correct form by aligning the broken parts according
to their models, should be placed on the trays of the
device, and stabilized at a force which will reduce any
risk of potential deformation during drying. The central
keel is 363 cm, the curved keel timber at the bow is
154 c¢cm, and curved keel timber at the stern is 178 cm
long. The largest floor-timbers are around 220 cm in
length and 67 cm in arm height; the futtocks are 75 cm
long; and the mast-step is 205 cm long. The relatively
small dimensions of the keel elements, mast-step, floor-
timbers and futtocks and absence of any radical shaping
due to their preserved form will make stabilization much
easier. The stabilization in these elements will be rather
for keeping them in their correct positions without any
movement in order to prevent any dimensional change
during sublimation®. During stabilization procedures,
it is important that original parts are not connected
through new holes or existing holes, so that the stresses
that will occur do not cause cleavage in the timbers.
These elements should be rather attached by external
clamps and strips.’” During the period from the freeze-
drying process until the exhibition, it is important to
store the timbers in their moulds or ensure appropriate
immobilization in order to retain their original forms.
Problems experienced in studies of other shipwrecks
indicate the significance of air conditioning in the
storage area and retaining original forms during that
period.*®

36 KILIC 2017b, 194
37 STRETKVERN et al. 2016, 382
38 STRATKVERN et al. 2016, 380



YENIKAPI 12 BATIGININ YENIDEN KURULUMU VE
SERGILENMES|

Yenikap1 12 batigi, biitiinliigiinii koruyan alt govdesi,
kiipeste, yelken yatag1 gibi i¢ ve {ist elemanlara referans
olan pargalart ve konstriiksiyon Ozelligi ile gemi
yapim teknolojisi i¢in degerli bilgileri yansitmaktadir
(Fig. 5). Icindeki amforalar Konstantinopolis’teki
ticaret; Ozel bolmesinde bulunan egyalar giiverte
yasami; kiraz, zeytin, seftali ¢ekirdekleri yolluk olarak
alinan gidalar ve teknenin batis mevsimi hakkinda
essiz bilgiler sunmaktadir. Buna ilaveten, YKI2
rekonstrikksiyonu Erken Orta Cag’da Theodosius
limaninda bulunan kiigiik ticaret teknelerinden bir
kisminin tipini temsil etmektedir. Bu ¢oklu veri
kombinasyonu ve beraberinde kesfedilen diger
Yenikapi batiklariyla olan iliskisi, YK12’nin sergilenme
konseptinin sadece in situ kalintinin sunumu seklinde
olamayacagini ortaya koymaktadir. Bu dogrultuda,
YK12 batiginin, 6zglin gévde bigiminde ve orijinal
bi¢iminin algilanmasini saglayacak temsili hatlarinin
olusturularak sergilenmesi planlanmistir. YK 12 nin bir
grup Yenikap1 batigiyla birlikte onlara 6zgii tasarlanmig
bir binada, Konstantinopolis’teki Orta Cag denizciligini
batiklar {izerinden yasanir kilmay1 saglayan bir konsept
tizerinden, buradaki ticaretin yogunlugunu, gemilerin
cesitliligini  gosteren Theodosius  limani  temasi
ile birlikte sergilenmesi oldukca kreatif olacaktir.
Gemilerin yanastig1 iskelelerin, liman yasantisinin
yansitildig1 ve arkeolojik kalintinin kendi ortamu i¢inde
sergilendigi ziyaretgiyi i¢ine alan bir yaklagimla, YK12
rekonstriiksiyonunun seyir videolari, sanal yansitmalar,
gorseller ve bilgi metinleriyle, batiklarin hikayelerinin
ve ayni zamanda kazi c¢aligmalarinin asamalarinin
anlatildig1 bir ortam yaratmak miimkiindiir.

Yenikapt  kazilarinda  ortaya  ¢ikarilan  batik
koleksiyonunun ve tarihi eserlerin sergilenecegi bir
miizenin mimari tasarmmi icin, Istanbul Biiyiiksehir
Belediyesi uluslararasi bir yarisma baglatmistir. 2012
yilindaki bu yarigmay1 ABD’li mimar Peter Eisenman
ve ekibi kazanmistir® Ancak, bu proje hayata
gecirilmemistir. Giiniimiizde, kabul edilmis bir miize
tasarimi ve olasi sergileme igin Onerilen miize binasi
bulunmadigi i¢in, YK 12 nin sergilenecegi alanin ortam
sartlari, yeniden kurulmasi sirasinda dikkat edilecek
hususlart ve tagtyici konstriiksiyonu hakkinda sadece
oneriler sunabilmekteyiz.

39 Eisenman Architects. https://eisenmanarchitects.com/Yenikapi-Arc-
haeological-Museum-and-Archeo-park-2012-current, 20.12.2020.
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REASSEMBLY AND DISPLAY OF THE SHIPWREK YENIKAPI 12

The shipwreck YK12 provide valuable information
for shipbuilding technology with its constructional
features and its parts giving reference to inner and upper
elements such as lower hull, caprail and mast-step that
maintain its overall integrity (Fig. 5). It also provides
unique information about the trade in Constantinople
by the amphoras found in the middle of the hull, about
daily life aboard by the objects found in a private
compartment, about the food supplies and the season
when the boat sank by the cherry, olive and peach seeds.
In addition, the reconstruction of YKI12 represents a
type of some small merchant vessels at the Theodosian
Harbour during the Early Middle Age. The multiple data
combination and its relationship with other Yenikapi
shipwrecks that were simultaneously discovered reveal
that the display concept of YK12 cannot only be in the
form of presenting in-situ remains. Based on this, it was
planned to create and display a representative outline of
the shipwreck YK12 in its original hull that will allow
a perception of its original shape. It would be very
creative to exhibit YK 12 along with a group of Yenikap1
shipwrecks in a building specially designed for them
with a concept that will enliven the Medieval maritime
life in Constantinople through shipwrecks, along with
a theme of the Theodosian Harbour displaying the
intensity of trade and diversity of ships in the harbour. It
is possible to create an environment where stories of the
shipwrecks as well as stages of excavations are narrated
by videos of YK12 reconstruction, virtual projections,
visuals and info texts, with an approach that reflect the
piers where ships dock and the life in the harbour and
that exhibits the archeological remains insitu, in a way
that will embrace the visitors.

In2012, the Istanbul Metropolitan Municipality launched
an international competition for the architectural design
of a museum for exhibition of the shipwrecks collection
and historical artifacts that were yielded during the
Yenikap1 excavations. And the prize was awarded to
an American architect, Peter Eisenman and his team.*
However, the project has not been implemented. At
present, in the absence of an approved museum design
or any museum building recommended for exhibition,
we can only make suggestions about the environmental
conditions of the area where YK12 will be displayed,
the points to be considered during reassembly and the
construction of the carriers.

39 Eisenman Architects. https://eisenmanarchitects.com/Yenikapi-Arc-
haeological-Museum-and-Archeo-park-2012-current, 20.12.2020.
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Denizcilik Arkeolojisi Dergisi

. Orijinal govde elemanlari, Original hull members

Rekonstriiksiyona gore onerilen hatlar, Reconsructed lines

Fig. 5: YK12’nin giiniimiize ulasan kisimlari. (I. Ozsait-Kocabas, C. Sanligengler)
Fig. 5: Surviving remains of YK12. (I. Ozsait-Kocabas, C. Sanligengler)
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Fig. 6: YK 12 replikasi, Rahmi M. Kog Sanayi Miizesi. (I. Ozsait-Kocabas)
Fig. 6: Full-scale replica of YK 12, Rahmi M. Ko¢ Museum. (I. Ozsait-Kocabas)
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SERGI MODELI

Konservasyonu ve restorasyonu yapilmis gemi
ahsaplar1 biiylik boyutta, agir, kirillgan, fazladan
hasar ve ylike maruz kalmamasi gereken parcalardir.
Batiklarm govdesi ve tasiyict sistemi ile ilgili
modellerin yapilmasi, kurulum asamalarmin &nceden
belirlenmesine yardimci olarak, hatali sonuglarin
yaratacag tekrarlar1 ve ahsaplarin zarar gérme riskini
azaltacaktir. Yenikap1 12 batiginin farkli amaglar igin
degisen Olceklerde modelleri yapilmistir. Teknenin in
situ modeli ve aragtirma modelleri rekonstriiksiyon
caligmalarina yardimer olmustur. Bununla birlikte,
dondurarak kurutmada kullanilacak sekillendirme
kaliplarmin dogru olusturulmast i¢in bir fiziksel
model ve bunun dijital modellemesinin konservasyon
stirecinde hazirlanmasi son derece 6nemlidir. Ayrica,
yeniden kurulumda, mevcut olan tiim pargalarin orijinal
yeri, bicimi ve boyutuna gore desteklerin ve temsili
hatlarin tasarimini  gelistirmeye ve Olgiilendirmeye
yarayacak olan ol¢ekli bir goévde modelinin ve
olusabilecek sorunlara ongorii saglamak icin tasiyic
konstriiksiyon modelinin yapilmast gereklidir. Bu
caligmalar, YK12’nin restitlisyonuna gore belirlenen
endaze ¢izimi kontroliinde gerceklestirilmelidir. YK12
teknesinin 1:1 6lgekteki replikasi, halen Rahmi M. Kog
Sanayi miizesinde sergilenmektedir (Fig. 6). Ayrica,
teknenin boyuna yarim kesitinin 1:4 6lgekteki modeli
Galata kulesinde bulunmaktadir (Fig. 7). Bu iki calisma,
batigin orijinal ahsaplarinin sergisi icin baglangi¢
fikirlerine temel hazirlamistir.
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DISPLAY MODEL

The shipwreck timbers that underwent conservation
and restoration are large, heavy, and fragile objects
that should not be exposed to any damage and load.
Preparation of models for the hull and the carrier system
will help determine the assembly steps in advance,
reducing the risk of repetitions and damage to the timbers
caused by misleading outcomes. We made models of the
Yenikap1 12 shipwreck at varying scales for different
purposes. The insitu model and research models of the
shipwreck contributed to the reconstruction works. In
addition to this, it is extremely important to prepare
a physical model and its digital modelling during the
conservation process for an accurate form of the shaping
moulds to be used in freeze drying. Furthermore, in
reassembly, it is necessary to build a scaled model
of the hull that will enable developing and designing
supports and representative outlines depending on the
original position, form and size of all available pieces as
well as a model of the carrier construction to predict any
potential problems. These activities should be carried
out in parallel with the linesplan that was developed
according to the restitution of YK12. A full-scale replica
of the YKI12 ship is exhibited at the Rahmi M. Kog
Museum (Fig. 6). Furthermore, a 1:4 scale model of the
longitudinal half section of the ship is displayed at the
Galata Tower (Fig. 7). These two works provided a basis
for exhibition of the original timbers of the shipwreck.

Fig. 7: Boyuna yarim model,
Galata Kulesi. (H. Giiler)
Fig. 7: Half-longitudinal

model of YK12, Galata
Tower. (H. Giiler)
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YENIDEN KURULUM

Yeniden kurulum, batik govdesinin belgelenmesi
ve restitiisyon Onerilerine gore hazirlanan iki ve {i¢
boyutlu pek c¢ok ¢iktinin, orijinal ahsaplarin birebir
iligkisiile stnandigive belki debuverilerinyenibilgiler
ile gelistirilmesini saglayacak son asamadir. Orijinal
ahsaplarin bir araya getirilmesi, konstriiksiyon,
insa sirast ya da bir elemanin yerlesiminin ve
biciminin neden o sekilde oldugu gibi, daha 6nce
birbiriyle iligkilendirilemeyen ipuglarinin  fark
edilmesini; sadece yeniden kurulumda calisanlarin
yakalayabilecegi bir bakis agisini saglayabilir. Bu
nedenle, batik govdelerinin yeniden kurulumu,
batigin insa teknolojisini bilen uzmanlar tarafindan
gergeklestirilmelidir. Ayn1 zamanda, batigin eksik
kisimlart nedeniyle govdenin kendini tasiyiciligi
ve dengesi dikkatle degerlendirilmelidir. Destek ve
tastyict sistemin gerekli hesaplamalar ve tasarimi
icin mimarlik ve miihendislik yardimi alinmalidir.
Batik ahsaplarinda kullanilan konservasyon yontemi
de kurulumu etkileyecektir. Ahsaplar igindeki
kimyasal orani, konservasyon sonrasi ahsaplarin
dayanim orani ve agirligi ile kullanilacak birlestirme
elemanlari, destek ve tasiyicilarin malzemesi ile
olusacak etkilesimler detayli analiz edilmeli; bu
konularda konservatorlerle is birligi yapilmalidir.
Caligmalarin  baglangicinda, yeniden kurulumun
bi¢imine, izlenecek olan yola ve sergi temasina
karar verilerek akisin planlamasi {izerinde dikkatle
durulmast gereken bir konudur. Ahsaplarin,
birbirine nasil tutturulacagi, kalict baglantilarin
nasil yapilacagi, destekleyici ve tasiyici sistemlerin
tasarim kriterleri, harcanacak zaman, ¢alisacak kisi
sayis1 gibi pek ¢ok etken Onceden olabildigince
hesaplanmalidir. Yeniden kurulumda, elemanlarin
yerlerinin bulunmasi ve yerlestirilmesinde tekrarlart
Onleyecek ya da azaltacak onemli faktorlerden biri
de dogru ve yeterli etiketlemedir. Ozellikle arazi ve
laboratuvar ¢aligmalari sirasinda yapilmig olan etiket
sistemi ve numaralama diizeni ile konservasyonda
yapilan etiketleme ve degisiklikler kayit edilmig
olmalidir. Konservasyon sonrasinda kurulumdan
once eleman kodlar1 bir kurulum plani iizerine
islenerek olasi eksikler tamamlanmalidir.

Yeniden kurulumun planlanmas1 kadar, batik
ahsaplarinin sergisi sirasinda bakim ve onarim gibi
nedenlerle sokiilmesi ve tekrar kurulmasi gerektigi
durumlara yonelik bir rehber kitabin hazirlanmasi da
O6nem tasimaktadir.
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REASSEMBLY

Reassembly is the last stage where many two- and
three-dimensional outputs prepared according to the
documentation of the shipwreck’s hull and restitution
proposals are tested with the exact relationship of the
original timbers and where such data would probably
be enriched with new available information. Putting
the original timbers together can provide insight into
previously unassociated clues, such as the construction,
the order of construction, or reasoning of an element’s
position and form, and provide a perspective for
only those who work in the reassembly can capture.
Therefore, the reassembly of the shipwreck hulls should
be carried out by experts familiar with the construction
technology of that specific shipwreck. Also, due to
the missing parts of the shipwreck, the hull’s self-
supporting and stability should be carefully evaluated.
Architectural and engineering assistance should be
obtained for the necessary calculations and design of
the support and load-bearing system. The conservation
method used in shipwreck timbers will also influence
reassembly. The chemical ratio in the timbers, the
durability and weight of the wood after conservation,
and the interactions that will occur with the material of
the fastening components, supports and carrier system
to be used should be analyzed in detail, which requires
collaboration with conservators.

At the beginning of the study, it is of great importance
to decide about the method of reassembly, the course
to be followed and the exhibition theme, and make the
workflow plan accordingly. Various factors such as
how the timbers will be fastened to each other, how to
make permanent connections, the design criteria of the
support and carrier systems, time to be spent, number
of people to work should be calculated in advance as
much as possible. Correct and adequate labelling is
one of the important factors that will prevent or reduce
trial and errors during reassembly while locating and
placing the elements. In particular, the labeling system
and numbering scheme made during the field and
laboratory studies and the labeling and changes made
during conservation should be recorded. Following the
conservation, possible deficiencies should be completed
by recording the element codes on an installation plan
before installation.

As well as planning the reassembly, it is also important
to prepare a guide for any situation where the timbers of
the shipwreck need to be disassembled and reinstalled
for reasons such as maintenance and repair during their
exhibition. It would be ideal to prepare such document
starting from the reassembly procedure, including the



Uygulanan iglemler, hem batigin hem tasiyici sistemin
baglant1 ve kurulum detaylari, sokiilebilme sirasi ve
tekrar kurulum tavsiyeleri; batik gévdesindeki orijinal
ahsap civiler ve baglantiy1 saglayan yeni ¢ivilerin
yerleri, desteklere baglanma sekli gibi ayrintili
tanimlar, fotograflar ¢izim ve semalarin yer alacagi
bu dokiimanin yeniden kurulum sirasinda baglayarak
hazirlanmasi ideal olacaktir.

YKI12’nin gdvdesinin biitiin olarak bulunmasi,
alt kismindaki kaplamalar arasinda eksik parga
olmamasi, kurulumda tahtalarin dogru yerlere
konumlandirilmasini, ahsap elemanlar1 dagilmig
haldeki gemilere gore, kolaylagtirmaktadir. Ayni
zamanda kurulum sirasim  da  kendiliginden
yonlendirmektedir. Omurga teknenin tim
elemanlarinin oturdugu ana elemandir. Yeniden
kurulumda, burma tahtalar1 asozlara yerlesecegi ve
kaplama uglar1 bodoslama topuklan ile birlesecegi
igin, omurganin boyuna kavisinin dogrulugu,
tim govde biciminin de dogru montajina zemin
hazirlayacaktir. Bu dogrultuda, ilk olarak omurga
dogru konumlandirilmali, kurulum sirasinda saga-sola
oynamayacak ya da hizadan kagmayacak ve iistiine
binecek yiikii tagiyabilecek bir diizen olusturulmalidir.
Gereginden genis ya da dar acilarda yerlestirilmis
bodoslama topuklar1 ve bodoslamalar, buraya birlesen
kaplamalarin gévde ortasinda hizadan kagmasina ya
da diger uclarinin diger tarafa birlesemeden bosta
kalmasina neden olacaktir. Bu nedenle, merkez
omurga ve bodoslama elemanlar1 yeniden kurulum
sirasinda, rekonstrilkksiyona gore hazirlanan 1:1
sablona uygun olarak bir araya getirilmelidir.
Kaplamalarin kurulumu tamamlanana kadar, omurga

tastyic1  sisteme kalici  olarak sabitlenmemeli;
herhangi bir hat diizeltme islemine izin verecek
sekilde tutturulmalidir. YK12’de bodoslamalarin

eksik oldugu kisimlarda, ilk siralarin mevcut kaplama
tahtalarinin uglar1 saglamdir ve bodoslama bigimince
yiikselmektedir. Bu kaplamalarin dogru oturtulmasi
ve desteklenmesi i¢in, bas ve ki¢ bodoslamalarin
birer kopyasinin kaplamalardan once insa edilmesi
uygun olacaktir. Buradan yola ¢ikarak, YK12’nin
omurgasini tagityacak olan konstrilksiyonun, aym
zamanda bodoslama hatlarini siirdiirerek kaplamalarin
yaslanacagi bir zemin olusturmasi planlanmistir.
Destek ve tamamlayici hat seklinde bir biitiin olarak
tasarlanarak demonte yapida iiretilmesi, saglam bir
temel olugturmanin yani sira bas ve ki¢ bodoslama
topuklarinin dogru oturtulmasina da referans olacaktir.

TINA

procedures applied, fastening and installation details of
both the shipwreck and the carrier system, the order of
disassembly and suggestions for reassembly, original
treenails in the shipwreck’s hull, and location of the
new nails that enable attachment, elaborate descriptions
on attachments to the support system, photographs,
drawings and diagrams.

The recovery of the hull of the YK12 as a whole and
absence of any missing planks on the lower part of
the hull make it easier to position the timbers in their
right places during the reassembly compared to the
shipwrecks with scattered wooden components. This
also determines the assembly sequence by itself. The
keel is the main element on which all the elements
of a boat are seated. During reassembly, a correct
longitudinal curvature of the keel will prepare the
ground for a correct assembly of the whole form of the
hull since the garboards will settle in the rabbets and
the planking ends will join the scarfs. Accordingly, first
of all, the keel should be positioned correctly, and an
arrangement should be created where it will not move
left and right during installation or run out of alignment
and will carry the load. Curved keel timbers and posts
placed at wider or narrower angles than required will
cause planks joining here to be misaligned in the middle
of the hull or the other ends to be idle before joining the
other side. Therefore, the central keel and post elements
should be brought together during reassembly in
accordance with a 1:1 scale model prepared according to
the reconstruction. The keel should not be permanently
fastened to the carrier system until reassembly of the
planking is completed; all lines must be fastened to allow
for corrections. In YK 12, in the parts where the posts are
missing, the ends of the existing planks are intact and
rise in the form of a post. In order to properly set and
support these planks, it would be appropriate to build
a replica of the stem and sternpost before the planks.
Based on this, the construction that will carry the keel of
YK12 is also planned to create a base where the planks
will lean by continuing the post lines. An integrated
design in the form of a supportive and complementary
line and constructing it in a disassembled nature will
also serve as a reference to the correct fitting of the
curved keel timbers as well as establishing a solid base.
Planks, and frames should be connected with temporary
fasteners during pre-assembly. This temporary
connection must be flexible for trials and light
movements during positioning and placement of the
elements, while at the same time being strong enough to
keep the components in their correct position.
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Kaplamalar ve egriler 6n kurulum agamasinda gegici
sabitleyiciler ile tutturulmalidir. Bu gegici tutturma,
elemanlarin yerlerinin belirlenmesi ve yerlestirilmesi
sirasinda denemeler ve hafif oynatmalar i¢in esnek,
aynt zamanda elemanlar1 dogru pozisyonda tutacak
dayanimda olmalidir. Kurulum sirasinda tasiyic
sisteme oturtulan orijinal ahsaplarin dogru hizalanmasi
ve govde kavisini dogru olusturmasi igin yerlestirilecek
trizler ve gegici ahsap kaliplar, ayn1 zamanda mevcut
ahsaplar1 tasiyarak kuruluma destek saglayacaktir.
Kaplamalara oturtulan egrilerin konumu kadar, egrilerin
dis yiizlerindeki pahlarin kaplama i¢ yiizeylerine
uyumlu sekilde oturtulmasina dikkat edilmelidir. Bunun
icin, doseklerin omurga {izerine basan kisimlarmin
ve govde igindeki konumlarmnin dogru ayarlanmasi
gereklidir. Unutulmamasi gereken, dimdik yeni hatlarin
degil, mevcut bir yapmnin tekrar insa edildigidir. Bu
nedenle eski insanin hatali ya da uyumsuz goriinen
tim detaylar1 oldugu gibi yapilmalidir. Aksi takdirde,
kaplama i¢ yiizeyi ve dosekler arasinda bigimsel
uyumsuzluklar, bosluklar ya da kaplama hattin1 bozan
tasmalar olusacaktir. Doseklerin 1:1 ¢iziminden elde
edilmis, omurgaya oturma yeri ve sintine deliklerinin
isaretlendigi egri sablonlarmim kullanilmasi, orijinal
doseklerle yapilacak yerlestirme denemelerinin
sayisin1 azaltarak dogru pozisyonlarin bulunmasina
yardim edecektir. Benzer sekilde, restitiisyona gore
YKI12 govdesinde agisal degisimlerin ve bigimsel
farklarin basladig1 kisimlarda, enine bigimden olusturan
kaliplarin yerlestirilmesi kaplamalarin kurulumunu
kolaylastiracaktir.  YK12  teknesinin alt govde
kaplamalar1 tamamen mevcut oldugu i¢in omurgadan
sonra, doseklerden once, bir grup kaplama tahtasinin
yerlestirilmesi ~ mimkiindiir. ~ YK12  gdvdesinin
konstriiksiyon ve inga dzellikleri de yeniden kurulumun
asamalarmi ve destek sistemlerinin olusturulmasina
yol gostermektedir. Kaplama tahtalarini birbirlerine
baglayan kenar kavelalari, gévdeye belli bir dayanim
saglamis ve orijinal kuruluma destek olmustur. Bununla
birlikte, yeniden kurulumda kaplama tahtalarinin kavela
deliklerinden benzer sekilde birlestirilmesi istenmeyen
bir husustur. Bunun ilk nedeni, sergide bulundugu
zaman i¢inde, alt kaplamalarda birikecek yiiklerin kenar
kavelalarinda basing yaparak kaplamalari catlatmasi
riskidir. Ahsap elemanlarin esnemesi, baglantilarin
gevsemesi gibi nedenlerle kaplama hizalarinda
olugacak boyuna kayma egiliminin karsilikli delikleri
de kaydirma olasiligi bulunmaktadir. Ayn1 zamanda,
bu deliklere yerlestirilecek yeni kenar kavelalari,
yumusak ve konserve edilmis tarihi ahgaba gore daha
sert ve dayanimli oldugu i¢in gerilimli alanlar yaratarak,
orijinal kaplama tahtalarinda catlama ve kirilma gibi
istenmeyen hasarlara neden olacaktir.
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The battens and temporary wooden molds that will
be placed in order to ensure correct alignment of the
original timbers placed on the carrier system during
assembly and to form the hull curvature correctly,
will also provide support to the assembly by carrying
the existing timbers. Care should be taken to fit the
chamfers on the outer surfaces of the frames in parallel
to the inner surfaces of the planks, as well as the
position of the frames placed on the planking. For this,
the parts of the floor-timbers that step on the keel and
their positions in the hull must be correctly adjusted.
It should be kept in mind that we are rebuilding an
existing structure, not upright new lines. For this reason,
all details of the previous construction that seem faulty
or incompatible should be built as they are. Otherwise,
formal mismatches, gaps or overflows that disrupt the
planking line will occur between the inner surface of the
planking and the floor-timbers. Using frame templates
derived from the 1:1 drawing of the floor-timbers, and
marking their locations on the keel and the limber-holes,
will help find the correct positions, reducing the number
of trial and errors with the original floor-timbers.
Similarly, placing the moulds in transversal form in the
sections where angular changes and formal differences
begin in the hull of YK12 according to the restitution
will facilitate assembly of the planks. As the bottom hull
planks of the YK 12 hull are all available, it is possible
to place a group of planks after the keel and before
the floor-timbers. The construction and construction
features of the YK12 hull also provide guidance for the
stages of reassembly and the construction of support
systems. Edge dowels joining the planks to each other
gave a certain strength to the hull and supported the
original assembly. On the other hand, during reassembly,
the planks should not be joined using the same dowel
holes. The primary reason for this is the risk of fissures
in the planks during the period they are exhibited due to
the pressure accumulated on the edge dowels from the
lower planking over time. Furthermore, the tendency of
planking to slip longitudinally due to bending of wooden
components and loosening fasteners is also likely to
dislocate the corresponding holes. In the mean time,
since the new dowels to be placed into these holes are
much harder and stronger than the soft and conserved
archaeological timbers, it would create stress areas, and
cause unintended damage on the original planks such
as cracks and fractures. Another reason is the necessity
to ease the removal procedure of these planks from
their locations for maintenance/repair works, or future
research and analyses.



= Kig taraf, Aft

Digerneden ise, bakim-onarim ya da ilerideki aragtirma
ve analiz iglemleri i¢in bu kaplamalarin yerlerinden
almmasini kolaylastirmaktir. YK12’nin iki par¢adan
olusan ve S parile ile birlesen kaplama paterninde, uzun
kaplama tahtalarinin teknenin bag ve ki¢ taraflarina
doniisiimlii olarak yerlestirilmesi yeniden kurulumdaki
islemlerin de smurlarim1 olusturmaktadir. (Fig 8.)
Kaplamalarin kurulumuna oncelikle burma tahtalari
ile baglanmali; sonrasinda, S parile ile yapilan boyuna
birlesimin 6zelligi nedeniyle, ikinci siranm (IK2/SK2)
uzun kaplama tahtalar1 yerlestirilmelidir. Tkinci ve
tigiincii (IK3/SK3) siralarin uzun tahtalari bas taraftan;
dordiincii siralar (IK4/SK4) kig taraftan baglamaktadur.
Ugiincii ve dordiincii kaplama siralarmin, iki ucu da
bodoslamalara gelmeden 6nce bitmektedir. Ugiincii
sira rekonstriiksiyona gore E0-E23 (iskele tarafinda
E25) arasinda ve dordiincii sira E3 (iskele tarafinda
E4)-E17 arasinda bulunmaktadir. Bu iki siranin
altindaki (IK2/SK2) ve iistiindeki (SK5/IK5) kaplama
siralart bodoslamalara birlesmektedir. Bu 6zellikli
dizilimin kurulumdan 6nce biliniyor olmasi, gévdenin
destek sistemlerinin ve bunlarin dayandigi tasiyici
konstriiksiyonun kaplama diizenine gore tasarlanarak
onceden insa edilmesi fikrini olusturmustur. YK 12 nin
kaplamalar1 orijinal bi¢imlerine gore sekillendirilerek
kurutuldugu ve govdedeki yerleri belli oldugu igin,
destek ve tastyicilarin dnceden iiretilmesinin yeniden
insay1 kolaylastiran bir etken olacag: diistintilmiistir.
Yine de, dnceden sekillendirilen ahsaplarin depolama
sirasinda esneyerek orijinal formunu kaybetmesi ya
da konservasyon sirasinda bazi yerlerinin orijinal
bigimden farkli olarak sekillenmis olmasi riskleri
akilda tutulmalidir. Boyle durumlarda, yeniden
kurulum sirasindaki  bigimsel uyumsuzluklarin
kaliplar ve iskenceler yardimiyla diizeltilmesinde,
ahsap elemanlarda mekanik gerilim yaratmayacak
islemler tercih edilmelidir.

PP: iK (Iskele kaplamast)
PS: SK (Sancak kaplamasr)
Wale 1: Capa tahtasi 1
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In the planking pattern of YKI12 that consists of two
parts and joins with the S scarf, organization of long
planks by alternating from bow to stern also defines
the limits of the procedures in the reassembly (Fig. 8).
Assembly of the planks should start with garboards; and
then, due to the characteristic of longitudinal joints by S
scarf method, the long planks (PP2/PS2) of the second
strake should be placed. The long planks of the second
and third (PP3/PS3) strakes start at the bow; fourth
strake starts at the stern (PP4/PS4). Both ends of the
third and fourth plank strakes end before they meet the
posts. According to the reconstruction, the third strake
is located between FrO-Fr23 (Fr25 on port side) and the
fourth strake between E3 (Fr4 on the port side)- and
Fr17. The plank strakes below (PP2/PS2) and above
(PP5/PS5) these two strakes join with the posts. The fact
that this specific sequence is known before the assembly
helped develop the idea of designing the support systems
of the hull, and the carrier construction on which they
are based and building them in advance. Since the YK 12
planks were shaped and dried according to their original
forms and their locations in the hull were already
defined, consideration was given that construction
of the support and carrier systems in advance would
facilitate the reconstruction. Nonetheless, the risks
should be kept in mind that the previously shaped
timbers may bend and lose their original form during
storage or some parts may get a shape different than
the original form during the conservation phase. In this
case, procedures that won’t produce mechanical stress
on wooden components should be preferred when the
formal inconsistencies have to be corrected with the
help of molds and clamps during reassembly. Making
the assembly of the large pieces of a conserved planking
strake during reassembly, but not in the laboratory can
be a remedy to similar problems.

Burma tahtalart
Omurga

Capa tahtast 1
Onarim tahtalari

=
=
=
=

B Garboards

. 0
Fig. 8: Kaplama plani. (I. Ozsait Kocabas, C. Sanligencler)

Fig. 8: Plan of planking. (I. Ozsait Kocabas, C. Sanligengler)
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Konservasyonu yapilmig bir kaplama sirasinin biiyiik
parcalarmin  birlestirilmesinin  laboratuvarda degil,
kurulum sirasinda gerceklestirilmesi benzer sorunlar
icin ¢6zlim olabilir. Kurulum sirasinda birlestirme, hem
kaplama pargalarinin yerlerine dogru oturtulmasina
kolaylik saglayacak, hem de laboratuvarda yapistirma
sirasinda olabilecek istemsiz form ve kavis kaymalarini
engelleyecektir. Boyle bir karar laboratuvar ortamini
kurulum yerine tagimay1 gerekli kilacagi i¢in, 6nceden
buna yonelik diizenin ve materyallerin hazirlanmasi
akilda tutmalidir. YK12’nin govde altindaki diiz kisim
besinci kaplama siras1 (IK5 ve SK5) ile son bulmaktadir.
Besinci sira, karina doniisiine denk gelen, enlemesine
kavisin en fazla oldugu, cogu désegin kisa kol gegmesinin
bagladig1 yerdir.

Besinci kaplama sirasinin, Once yerlestirilen uzun
tahtas1 ki¢ tarafta, kisa tahtasi bag taraftadir. Bu
kaplamadan sonra gévde yukari dogru yiikselmektedir.
Dolayisiyla iist kaplamalarin yiikii biiyiilk oranda,
besinci ve sonrasinda doniisii tamamlayan altinci
kaplama smrasma (IK6 ve SK6) binecek; bu
kisimda basing geriliminden dolay1 kaplamalarin
konumlarindan ayrilma riski ortaya ¢ikacaktir. Destek
sisteminde, bu kisimdaki iistten gelen yiikii azaltarak
yayan bir yatay boliicii ve diizenek gelistirilmelidir.
Kaplamalar yerlestirilirken, komsu kaplama tahtalarin
iist yiizeylerindeki egri hatlarinin birbirini takip etmesi
ve kaplamalarda ve iistlerine oturacak doseklerdeki
ahsap ¢ivi  deliklerinin  birbirini  karsilamasi
o6nemlidir. YK12’nin 12 ve 15 mm ¢aplarindaki ¢ivi
deliklerinin ¢akismasindaki kiigiik kaymalar, ilerleyen
kisimlarda artarak elemanlarin birbirine baglanmasini
zorlastiracaktir. Buna yonelik kontroller tekrarlanmali;
delik eslestirmeleri i¢in doseklerde ve kaplamalarda
hafif oranda ileri geri diizeltmeler yapilarak devam
edilmelidir. Hatasiz yerlesim icin, birka¢ kaplama
siras1 kurulduktan sonra, secilen kritik konumlardaki
doseklerin de oturtulmaya baglanmasi dogru bir
yaklagim olacaktir. Boyle bir durumda, dosekler dnce
omurgaya baglant1 deliklerinden oturtulmali; sonra
kaplama tstiindeki izler ve ¢ivi delikleri sayesinde
dogru pozisyonda yerlestirilmelidir. On tutturmalar belli
yerlerde, cakisan delikler icinden ahsap ya da paslanmaz
celik pimlerin gegirilmesi ile yapilabilir. Elemanlarin
birbirine aligtirilmasi sirasinda ahsaplarda herhangi
bir hasarin olugsmamasi igin bu baglanti elemanlarinin
siki yerlestirilmemesine dikkat edilmelidir. Egrilerde
¢ikarilmamis ahsap ¢iviler ise oldugu gibi birakilmali;
yerinden ¢ikartmak icin zorlanmamalidir. Bu civiler,
istenen gorsel biitinliigii saglayacaktir. Gergekte,
biitiin ¢ivi deliklerinden sabitleme, gereksiz gerilimler
yaratmamak ve olas1 bir geri sokiimii kolaylastirmak
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amaciyla, tercih edilen bir uygulama degildir. Aynm
sekilde, ahsaplardaki degisimler ya da dngériilmeyen bir
nedenle ¢akigsmayan delikler de atlanabilir. Elemanlarin
kalic1 baglantilar1, gévdenin biitiinliigiinii ve tastyici
sistemdeki durusunun saglamligini saglayacak sekilde,
yapisal dayanim gerektiren yerlerde belirlenmis sayida
yapilmalidir. Govde alti kaplamalari, yerlestirilecek
doseklere destek saglanmasi igin simetrik olarak
kurulabilir. Sonrasinda, i¢ kisimda ¢aligabilme
kolayligi agisindan bir tarafa daha fazla ahsap
eklenebilir. Yine de baslangigtan itibaren, govde
icinde c¢aligmak icin hareketli bir iskelenin insa
edilmesi tiim ¢aligmay1 kolaylastiracaktir.

Govdenin bir tarafinda agirlikli  bir kurulum
planlandiginda, dengenin bozulmamasi ve c¢alisilan
kismma dogru goévdenin yana devrilmemesi igin
yeterli desteklemenin Onceden diisiiniilmesi biiyiik
Oonem tasimaktadir.

Yedinci (IK7 ve SK7) kaplama sirasinin uzun pargasi
ki taraftadir. Yedinci sira ve govde ortasinda E13’den
baslayarak kiga dogru devam eden sekizinci siranin
(IK8 ve SKS8) iizerinde ilk ¢apa tahtasmin altindaki
kaplamalar1 olusturur. Govdenin iskele tarafinda bu
kaplamalardan sonrast kayiptir. Sancak tarafinda
yedinci ve sekizinci siralarin iistiinde birinci capa
tahtas1 (SCT1) ve onun iizerinde dokuzuncu sira
(SK9) korunarak giiniimiize ulagsmistir. Mevcut
uzunlugu 469 cm olan SCT1 bas tarafinda E4,
ki¢ tarafinda E23 numarali egrilerin hizasindan
kirlmigtir.  Kaplamalarin i¢ yiizeyleriyle ylizbeyiiz
sekilde yerlestirilmis olan SCT1 dis yiiziinde tagkin
kavisli bir formdadir. Teknenin altinda ele gecen ve
kiipeste ile bagli olan son ¢apa tahtas1 (SCT3) 263
cm uzunlugundadir. Rekonstriiksiyona gore E13-E24
arasinda konumlanmaktadir. Kiipeste ve son c¢apa
tahtast orijinal konumunda hazirlanan destekler
iizerine yerlestirilecektir. Rekonstriiksiyona gore
sancak tarafinda, SK9’dan SCT3’e olan eksik kisimda,
bir ¢apa tahtasi (SCT2) ve iki kaplama sirasi (SK10 ve
SK11) bulunmaktadir. Bu ii¢ siranin herhangi yeni bir
materyal ile tamamlanmamasina karar verilmistir.
Yeniden kurulum = siirecinde, YKI12 batiginin
mevcut olan 25 dosegi, kaplamalar ile olan iliskileri
dogrultusunda yeniden insaya araliklarla eklenecektir.
Dontisiimlii  yerlestirilen doseklerin uzun kollari,
sancak ve iskele tarafindaki kaplamalarin dogru
kurulumuna katki saglayacaktir. Bu nedenle mevcut
15 posta kaplamalarin yerlesimi tamamlandiktan
sonra yerlestirilecektir. E8 ve E16 arasindaki dosekler
iizerine oturan yelken yatagi, en azindan bu doseklerin
kurulumundan sonra yeniden insaya dahil edilebilir.
Bununla birlikte sorunsuz kurulum igin, {istiine
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Joining parts together during reassembly would not only
facilitate planks to be correctly set in their places, but
it would also prevent unintended slips in the form and
curves that could have occured in a laboratory setting.
Since such a decision would cause moving the laboratory
setting to the reassembly atelier, the arrangements should
be made and material should be prepared beforehand.
The flat-bottom underneath the YK12’s hull ends with
the fifth planking strake (PP5/PS5). The fifth strake
is the place that coincides with the turn-of-the-bilge,
where the transverse curve is at its peak, and most of
the shortarm ends of floor-timbers begin. The initially
placed long timber of the fifth planking strake is on the
stern side while the shorter timber is on the bow side.
After this plank, the hull rises upwards. Hence, the load
of upper planks mostly burdens on the fifth and then the
sixth planking strake (PP6/PS6) that completes the turn;
so that there would be a risk for planks to detach due to
the pressure strain. For the support system, a horizontal
divider and a mechanism should be developed to
decrease and spread the load from above in this section.
While planks are being placed, it is important for the
frame lines on the upper surfaces of adjacent plank
strakes follow each other and for the treenail holes on
the overlaying floor-timbers meet each other. Minor
deviations in alignment of the 12 and 15 mm treenail
holes in YKI12 will gradually increase, making the
fastening of components with each other difficult in the
following phases. To address this diffciulty, they should
be checked repeatedly, resuming by small forward and
back adjustments in the floor-timbers and plank strakes
to line up the holes. For a precise placement, it will be
appropriate to start placing selected floor-timbers at
critical positions after installation of a few plank strakes.
In such a situation, the floor-timbers should first be set
to the keel through their fastening holes; then be placed
in their appropriate position with the help of the marks
and nail holes on the planking. Primary fastenings can
be made at certain parts by inserting treenails or stainless
steel pegs through aligned holes. In order to prevent
any damage when harmonizing components with each
other, one should pay attention not to tightly squeeze
the fastening elements. Any intact treenail in frames
should be left as it is; should not be forced to pull out.
These nails will provide the desired visual integrity. In
fact, fastening through all treenail holes is not favored
to avoid any risk of unnecessary strains, and make
any potential disassembly work easier. Similarly, the
holes unaligned due to variations in timbers, or another
unforeseen reason can be skipped. The permanent
fastenings of the elements should be made in a specified
number of points where structural strength is necessary,
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in order to ensure the hull integrity and stability while
standing on the carrier system. The lower plank strakes
can be set symmetrically to provide support to the floor-
timbers to be placed. Afterwards, more timbers can be
added on one side to facilitate interior work. Building
a mobile scaffold from the beginning on will facilitate
working inside the hull. When an assembly is planned
where the work is mainly on one side of the hull, it is
very important to consider providing adequate support
beforehand in order not to derange the balance and not
to topple the hull on this side.

The longer piece of the seventh planking strake
(PP7/PS7) is on the stern side. It starts at the seventh
strake, and the eight strake (PP8/PS8) that starts at
Fr13 in the amidships, extending towards the stern,
and forming the lower planking strakes under the first
wale. The part after these planks are missing on the
port side of the hull. The first wale (Wale 1) above
the seventh and eighth strakes on the starboard side
and the ninth strake above this (PS9) have survived
intact to the present day. With an extant lenght of 469
cm, wale 1 is broken on the level of the frame Fr4
on the bow end, and the frame Fr23 on the stern end.
wale 1 that was placed facing the interior surfaces of
planking strakes, has a curved outer surface. The last
wale (Wale 3) fastened to the caprail that was found
underneath the shipwreck is 263 cm long. According
to the reconstruction, it is located between Frl13 and
Fr24. The caprail and the last wale will be placed
on the supports that were prepared in their original
location. Based on the reconstruction, in the missing
part on the starboard side from PS9 to wale 3, there
is one wale (Wale 2) and two planking strakes (PS10
and PS11). It was decided not to fix these three strakes
with new material.

During the reassembly process, the extant 25 floor-
timbers of YK 12, will be inserted into the reconstruction
by intervals based on their relations with the planking
strakes. The long arms of the floor-timbers that were
placed alternately, will contribute to correct reassembly
of the starboard and port planking strakes. Therefore,
the extant 15 futtocks will be placed after completion of
the placement of planks. The mast-step that was seated
on the floor-timbers Fr8 and Frl6, can be inserted into
the reconstruction at least after these timbers are placed.
On the other hand, to achieve a flawless reassembly, the
floor-timbers on which it will be placed should be set on
the keel by matching the notches on the bottom of the
mast-step. In its original construction, the mast-step was
fastened only to Fr13 by one nail.

The permanent connection can also be made through the
same nail hole.
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oturtuldugu doseklerin, yelken yatagimin alt
yiizeyindeki kertikler ile eslestirilerek omurgaya
yerlestirilmesi gerekmektedir. Yelken yatagi, orijinal
insasinda sadece E13’e bir ¢ivi ile sabitlenmistir. Kalici
baglant1 aym sekilde bu ¢ivinin deliginden yapilabilir.
YKI12 teknesinde, i¢ kaplamalar birbiri {izerine
bindirilerek boyuna ve enine dizildigi i¢in, yerlesimleri
yine orijinal insa siradaki gibi olmalidir (Fig. 9).
Mevcut i¢ kaplamalar belli egrilere baghdir. Egriler
tizerindeki bu ¢ivi delikleri dogru pozisyonlarinin
bulunmasin1 kolaylastiracaktir. Boyuna dizilim 5
grup halindedir. Ik sira bas tarafta ES; ikinci sira E9;
ti¢lincii sira E13; dordiincii sira E20 ve altinci sira E23
tizerinde baglamaktadir. Enine dizilim omurganin iki
yanindan ¢apa tahtalarina dogrudur.

Teknenin bas kismindaki E1, E2, E3, E4 ve kig
kisminda E18 ve E20 dosekleri arasinda i¢ kaplama
tahtalar1 yoktur. i¢ kaplamalarin bagl oldugu egriler,
birinci grupta ES, E6, E7, E8 ve E9; ikinci grupta E9,
E10, E11 ve E12; {igiincii grupta E13, E14, E15, E16
ve E17; dordiincii grupta E21, E22, E23, E24; besinci
grupta E25°tir. I¢ kapamalar, gévde igini kaplayarak,
egrilerden olusan konstriiksiyonu goriilmeyecek
sekilde oOrtmektedir. Yine de, orijinaline sadik
kalarak, mevcut i¢ kaplamalarin tamaminin yerlerine
yerlestirilmesi karar1 alinmigtir. Bu kararin getirdigi
gorsel bilgi kaybi, teknenin kabuk yapisini ve egri
sistemini gosteren foto-mozaikler, fotograflar ve
cizimler ile desteklenerek ¢oziimlenebilir.

Since the ceiling planks on YKI12 was placed
superimposing on one plank edge over the next and
they are lined up lengthwise and breadthwise, their
fitting should be just as in the original sequence (Fig.
9). Extant ceiling planks are fastened to certain frames.
These nail holes on these frames will facilitate finding
the right positions. Five groups of ceiling planks have
a lengthwise sequence. The first strake starts above
Fr5; the second strake above Fr9; the third above Fr20;
the fourth above Fr20 and the sixth above Fr23 on the
bow side while the breadthwise sequence is from both
sides of the keel towards the wales. There are no ceiling
planks between the floor-timbers Frl, Fr2, Fr3, Fr4 on
the bow side, and between Fr18 and Fr20 on the stern
side of the ship. The frames fastened to ceiling planks
are as follows; Fr5, Fr6, Fr7, Fr8 and Fr9 in the first
group; Fr9, Fr10, Fr11 and Fr12 in the second group;
Fr13, Fr14, Fr15, Fr16 and Frl7 in the third group;
Fr21, Fr22, Fr23, Fr24 in the fourth group; and Fr25
in the fifth group. The ceiling planks cover inside of
the hull in such a way that the construction consisting
of the frames can not be seen. Still, a decision was
made to keep the original setup and set all the extant
ceiling planks to where they belong. The visual data
loss that this decision has brought can be solved by
using several aids such as photo-mosaics, photos, and
drawings showing the shell structure and frame system
of the ship. However, a separate carrier system should
be considered for ceiling planks in order to decrease or
prevent the load placed on the frames and planks.

I¢ kaplama tahtalar Y/
& v
B Ceiling planks -
/ Capa tahtas1 1
B, / Yelken yatag: \ Y ——— Wale 1
Mast- step Kaplama tahtalari
Planks
A - Floor timber Fr12
—d ' Dosek E12

Omurga I{eél
YK12

0

im

Fig. 9: i¢ kaplamalarin dizilimi. (I. Ozsait Kocabas, C. Sanligengler)
Fig. 9: Sequence of ceiling planks. (I. Ozsait Kocabas, C. Sanligengler)
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Bununla birlikte, egriler ve kaplamalara binecek
yiki onlemek ya da azaltmak i¢in, i¢ kaplamalari
tastyan ayr1 bir sistem diistiniilmelidir.

Ayrica i¢ kaplamalarin, teknenin diizenli bakim, temizlik
ve onarimlarina izin verecek sekilde, orijinalinde
baglt olduklar1 egrilerin tiimiine sabitlenmemesi
dogru olacaktir. Belli gruplar halinde birbirine alttan
desteklerle baglanarak; gerektiginde bicimleri ve
konumlar1 bozulmadan parcalar halinde kaldirilmalarina
imkan taniyacak bir sistem tasarlanmalidir. Benzer
bir yapilanma teknenin 1:10 6lgekli in sifu maketinde
gergeklestirilmistir (Fig. 10).
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Additionally, it would be appropriate not to fasten all
ceiling planks to the frames where they originally were
fastened to in order to allow for regular maintenance,
cleaning and repair of the ship. A system should be
designed which makes it possible to remove them
in separate parts without disturbing their forms and
locations, by fastening them in specific groups with
supports from underneath. A similar structure was
implemented with a 1:10 scale on the in sifu model
(Fig. 10).

Fig. 10: Kaldirilabilir i¢ kaplama gruplari.
(H. Giler)

Fig. 10: Removable ceiling groups in the
in situ model. (H. Gtiler)
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SERGI KONSTRUKSIYONUNUN TASARIMI

YKI12’nin ahsaplart orijinal gévde bigimine gore
birlestirilecek; eksik  bodoslamalarin  kopyalari,
siyer hattinin, mevcut kaplama armuzlarinin ve
baz1 egrilerin temsili tamamlamalar1 yapilacaktir.
Désekler, ve kaplamalar gibi eksik elemanlarin yerine
yeni materyaller kullanilmayacaktir. Destek ve tastyict
sistem rekonstriiksiyona gore dnceden insa edilecek
ve ahsaplar belirlenen yerlerine yerlestirilecektir. Bu
konstriiksiyonlar géze batmayacak ve teknenin orijinal
hatlarindan yola ¢ikarak batigin karakteristiklerini
vurgulayacak  sekilde  tasarlanacakti. ~ Govde
ahsaplarinin kendi arasindaki ve tasiyici sistemle
olan baglantilar ilerideki aragtirmalara ya da bakim-
onarimlara izin verecek miktarda demonte olabilecek
sekilde olusturulacaktir. Yeniden kurulumun bu baslica
prensipleri tasarimin 6nceliklerini belirleyecektir.
Destek ve tasiyici sistemlerde kullanilacak malzeme,
dayanimli, uzun Omiirlii, bakima ve gerektiginde
degistirilmeye uygun, orijinal ahgaplarla ve YK12’nin
konservasyon kimyasali olan PEG ile etkilesime
girmeyen oOzellikte olmalidir. PEG, demirle korozif
reaksiyona giren bir Ozelliktedir. Buna ilaveten,
materyal olarak secilebilecek demirin, ahsap
yapisindaki siilfat ve ortamdaki yiiksek bagil nem
ile birlikteliginde gelisen reaksiyon sonucunda batik
ahsaplarinda asidite, tuz ¢okeltileri ve bozulma riski
ortaya ¢cikmaktadir. Batik sergilerinde karsilasilan bu
sorunun® 6nlenmesi igin, piring, ¢elik, aliiminyum,
paslanmaz ¢elik profiller, pleksiglas ¢ubuk ya da
levhalar, paslanmaz celik ve teflon baglanti elemanlari
gibi alternatif malzemeler tercih edilmelidir.
Ahsaplarin demir materyal ile temasi engellenmelidir.
Olas: risklere karsi, Dover teknesinde, anotlanmis
aliminyum profiller ve bir ayirict tabaka ile ahsap
ve metal temas: Onlenmis;*! Roskilde 6 batiginda
paslanmaz celik,* Skuldelev 1 ve Hedeby 1’de piring
profiller* kullanilmistir. Newport gemisinde, orijinal
baglant1 elemanlarinin yerine pembe ve kahverengi
vidal plastik civatalarin kullanimi1 planlanmaktadir.*
Vasa gemisinde, ilk kurulumda takilan yumusak ¢elik
baglantilar, periodik ayarlanma gerektirmeyen O6zel
yayli bir tasarimda, paslanmaz ¢elik ve ilave alagimli
olarak yeniden iiretilerek degistirilmistir.*

40 WETHERALL vd. 2007, 1317; PETERSEN-STREATKVERN 2020,
63; HOCKER 2020, 31

41 CLARK vd. 2004, 293- 302; CLARK 2008, 11-13

42 GOTHCHE vd. 2016, 395-397

43 CRUMLIN PEDERSEN 2002a, 93; CRUMLIN PEDERSEN vd.
1997, 80

44 Friends of Newport Ship, https://fonspr.wordpress.com/category/
new-home, 08.12.2020.

45 HOCKER 2020, 38-39
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DESIGN OF THE DISPLAY CONSTRUCTION

The YK12’s timbers will be fastened together according
to the original hull’s shape; and the replicas of the
incomplete posts, representative finishes of the sheer
line, existing planking seams and some curves will be
made to suit the original. No modern materials will be
used to replace the missing parts such as floor-timbers
and planks. The support and carrier system will be pre-
built according to the reconstruction and the timbers will
be placed in their designated places. These constructions
will be designed to be unobtrusive and highlight the
characteristics of the wreck based on the original lines
of the boat. The inter- and intra-fastening of the hull
timbers with the carrier system will be formed in such
a way that they can be disassembled to allow future
research or maintenance-repair work. The priorities of
the design will be determined by these main principles
of reassembly.

The material used in the support and carrier systems
must be enduring, durable, suitable for maintenance and
replacement when necessary, and not interactive with
the original timbers and the conservation material (PEG)
of the shipwreck YK12. PEG is involved in corrosive
reaction with iron. Additionally, there is a risk of acidity,
salt deposits, and deterioration as a result of the reaction
from the sulfates in the wood’s structure combined with
high relative humidity in the environment when iron is
selected as the material to be used. In order to avoid such
problems.*’ experienced in display halls for shipwrecks,
alternate material such as brass, steel, aluminum,
stainless steel profiles, plexyglass sticks, or plates,
stainless steel and teflon fasteners should be preferred.
Any contact of timbers with iron should be avoided.
Against potential risks, the contact of timbers with iron
was prevented using anodized aluminum profiles and a
separator in the Dover boat;*' by stainless steel on the
Roskilde 6 shipwreck,* by brass profiles on Skuldelev
1 and Hedeby 1 shipwrecks.* Based on the reassembly
plan, pink and brown plastic screws will be used instead
of the original fasteners on the Newport ship.* The
soft steel fasteners used in the initial assembly of the
Vasa shipwreck, were replaced by new stainless steel
fasteners reproduced with additional alloys in a specific
spring design that won’t necessitate periodical re-
adjustments.®

40 WETHERALL et al. 2007, 1317; PETERSEN-STRATKVERN
2020, 63; HOCKER 2020, 31

41 CLARK et al. 2004, 293- 302; CLARK 2008, 11-13

42 GOTHCHE et al. 2016, 395-397

43 CRUMLIN PEDERSEN 2002a, 93; CRUMLIN PEDERSEN et al.
1997, 80

44 Friends of Newport Ship, https://fonspr.wordpress.com/category/
new-home, 08.12.2020.

45 HOCKER 2020, 38-39



Bazi calismalarda, ahgaplara temas eden ylizeyler
paslanmaz c¢elik diger kisimlar demirden {iretilmis;
bazi ¢alismalarda demir malzeme yalitkan materyaller
ile kaplanmigtir. YKI12 govdesinde, destek ve
tasiyict konstritksiyonun paslanmaz ¢elikten imal
edilmesi planlanmistir. Elemanlarin kendi arasindaki
baglantilarinda orijinalindeki gibi mese agacindan
ahsap civiler, yapistirilmadan kullanilabilir. Gévdenin
destek ve tagiyici konstriiksiyona baglanan kisimlarinda
ise, dayanim ve sokiiliip takilma kolayligi agisindan
paslanmaz ¢elik veya teflon civata, somun ve pullar
tercih edilmelidir. Metal destekler ile ahsaplar arasinda,
yastik ve ayirict gorevi listlenecek ara malzemeler
yerlestirilecektir.

Destekler ve tastyict konstriiksiyon, batik govdesi ile
yakindan iligkili oldugu igin, orijinal gévdenin, enine
kesitinde sarap kadehi ya da diiz dipli olmasi1 gibi
bigimsel 6zellikleri, armuz ve bindirme kaplama gibi
inga karakteristikleri; boyutu ve bit{inliigii, korunan
ahsaplarinin miktar1 ve konservasyonu sonrasindaki
agirlhigr tasarimi etkileyecektir. Sarap kadehi gibi
kivrimlart ve derinligi fazla govdelerde destekler de
kavisli hatlara ve ¢dziimlenmesi gereken detaylara sahip
olacak; diiz govdelerde, govde altindan gegirilecek
profiller gorece daha basit formlarda olusturulacaktir.
Bindirme kaplamali govdelerde kaplama tahtalarmin
kademeli dizilimi ve birbirine basan kisimlardaki
baglant1 delikleri orijinal ahsaplarin oturtulmasi ve
kaplamalar tasiyici profillerin gelistirilmesine olduk¢a
elveriglidir.* Armuz kaplamalar st iiste oturarak
yiikseldigi i¢in bunlarin kendi i¢inde tasinmasi ve
desteklenmesi farkli ¢oziimlemeleri gerektirmektedir.*’
Akdeniz insa gelenegine goére, armuz kaplamali
bir gdvdeye sahip olan YKI12’nin destekleri de bu
dogrultuda tasarlanacaktir.

Batik govdelerinin  sergilerinde alinan Onlemler
de farklilik gOstermektedir. Ziyaretcilerin fazla
yaklasmamast igin, batiklarin ¢evresine cam bariyerler,
kordonlar ya da amforalar gibi iginden ¢ikarilan
buluntular  yerlestirilmektedir.®®  Buna ilaveten,
bazi batiklarda Onlemler sergi tasarimi ile birlikte
ele almmustir. Batigin zemin ve gevresi, Kinneret
teknesinde deniz efekti olusturularak,® Serce Limani
ve Skuldelev batiklarinda c¢akil tasi dosenerek ve
kademelendirilerek,” Arles-Rhone 3’te zeminden daha
diisiik seviyeli bir kanal olusturarak® ¢6ziimlenmistir.

46 CRUMLIN PEDERSEN vd. 1997, 78; VANGSTAD vd. 2020, 91,
Fig. 11; CRUMLIN PEDERSEN 2002a, 94, Fig. 30

47 MATTHEWS 2004; BERNARD MAUGIRON vd. 2007; KAHA-
NOV 2011, 166-167; CVIKEL 2020, 113

48 PETERSEN-STRETKVERN 2020, 64

49 COHEN 1999

50 BASS-VAN DOORNINCK 2004, 69; JENSEN vd. 2002, 78, Fig.12
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In some studies the surfaces that contact with the timbers
were reproduced with stainless steel while in others,
the iron material was covered with some isolation
material. According to the plan, the support and carrier
construction for the hull of YKI2 will be made of
stainless steel. Similar to the original ship construction,
treenails made of oak can be used for joining wooden
elements without gluing. On the parts where the hull is
fastened to the support and carrier system, screws, nuts,
and roves made of stainless steel or teflon should be
preferred based on their endurance and the practicality of
disassembling and assembling. Intermediary materials
will be placed in between the metal supports and timbers
to serve as a separator and a pad.

Since the support and carrier construction is
directly related with the shipwreck’s hull, its formal
characteristics whether the original hull bottom has a
wine-glass-shaped or a flat-bottomed cross-section, its
constructional characteristics such as carvel or clinker
planking, its dimensions and integrity, the quantity of the
timbers survived, and its post-conservation weight will
have an effect on the design. In hulls with more curves
and depth such as in wineglass-shaped, the supports will
also have curved lines and details that will have to be
dealt with; in flat-floored hulls, on the other hand, the
profiles under the hull will have a simpler forms. In
hulls with clinker planking, the stepped arrangement
of timbers and the fastening holes in the overlapping
parts are suitable for mounting the original timbers and
developing carrier profiles for the planks.* Since the
carvel planking are fastened edge to edge, their support
and carrier solutions require different perspectives.*’
Based on the traditional Mediterranean shipbuilding, the
support system for the YK 12 with a carvel planking will
also be designed accordingly.

The measures taken for display of shipwreck hulls also
differ. Glass barriers, cordon barriers or finds from the
shipwreck such as amphoras are placed around the
shipwrecks to keep visitors away.”® Additionally, for
some shipwrecks these measures were made part of the
exhibition design. The ground on which the shipwreck
lies, and its surrounding area, was formed by creating
a sea-effect for the Kinneret shipwreck,” by paving
pebbles and stepping for the Ser¢e Limani and Skuldelev
shipwrecks,® and building a channel lower than the
ground for Arles-Rhone 3°'.

46 CRUMLIN PEDERSEN et al. 1997, 78; VANGSTAD et al. 2020,
91, Fig. 11; CRUMLIN PEDERSEN 2002a, 94, Fig. 30

47 MATTHEWS 2004; BERNARD MAUGIRON et al. 2007; KAHA-
NOV 2011, 166-167; CVIKEL 2020, 113

48 PETERSEN-STRATKVERN 2020, 64

49 COHEN 1999

50 BASS-VAN DOORNINCK 2004, 69; JENSEN et al. 2002, 78,
Fig.12
51 DE VIVO 2017
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Bir diger yaklasim, ziyaretcilerin gemiye dokunabildigi,
belli oranda giivertesinde gezebildigi, Vasa’nin ilk sergi
diizeninde denenmistir.?> Ancak ileri zamanlarda, bu
uygulamadan vazgegilmistir. Ideal ortam sartlari, tiim
sergi mekanim iklimlendirilmesi* ya dabatigin cevresinde
insa edilen caml konstriiksiyon i¢inden®* yapilmaktadir.
YK12’nin, mekanm kontrolii iklimlendirmesi yoluyla
acikta sergilenmesi planlanmaktadir.

DESTEKLEYiCi VE TASIYICI KONSTRUKSIYON

Sergi konstriiksiyonu, ahsaplara dayanak saglayan ic
ve dig destekler, tiim govdeyi tutacak olan ana tastyici
konstriikksiyon ve temsili hatlardan olugmaktadir.
Destekleyici sistem, batik ahsaplarini tutan, bi¢imini
koruyan ve sarkmasini Onleyen kisimdir. Bunlarin
tasarlanmasi sirasinda, kaplamalarin destek profillerinin
gorliniirliigi, sistemin kendi iginde ve orijinal ahsap ile
olan baglant1 bigimi, hangi oranda kullamilacag: gibi
bazi kriterlerin belirlenmesi gerekir. YK12 batiginda,
icteki destek sistemi, gdvdenin yan kenarlarinin
acilmasini onleyecek ve i¢c elemanlar1 destekleyecek
sekilde, teknenin kayip elemanlarinin bigimine uygun
hatlarda tasarlanacaktir. ¢ sistemin, iist elemanlarin
yiikiinii altindaki govde ahsaplarina bindirmeden
dogrudan ana tasiyiciya aktaracagi bir sistemin
gelistirilmesi  diistiniilmektedir. Kaplamalar enine ve
boyuna desteklenecektir. Enine destekler, kaplamalarin
ek yerleri ve govde bicimindeki acisal degisimlerin
bagladig1 kisimlar gibi bigimsellik ve dayamimla ilgili
belirlenen yerlerde, gévde altin1 da destekleyecek sekilde
yapilacaktir. Kaplama parileleri, ayn1 siranin uzun ve kisa
kaplamalarinin birlestigi yerlerdir. Bas ve ki¢ taraftaki
kurulumlarda yapilacak herhangi bir gerilimli alan,
buralarda ayrilmaya neden olacagi i¢in uygun ¢oziimler
geligtirilmelidir (Fig. 11). Boyuna destekler govde
uzunlugunca devam ederek kaplamalara distan destek
saglayacaktir. Bunun yani sira, bazi siralar arasina, iistten
gelen yiikii tasiyarak sisteme yayacak ince profiller
yerlestirilecektir. Kaplamalarim birbiri iizerine oturmasini
onleyen bu ara pargalar, orijinal goriiniimii ve konumlari
bozmayacak incelik ve oOzellikte tasarlanacaktir. Bu
profillerin, iskele ve sancak taraflarnda SK6/IK6
ve SK7/IK7 arasinda; sancak tarafinda SK7-SK8 ile
SCT1 arasinda kurgulanmasi 6n goriilmiistiir. Mevcut
capa tahtasinin iist ve alt yiizeylerindeki, kaplamalarin
oturmasi i¢in olusturulmus 3 cm genisligindeki diizliik
bu sistemde degerlendirilecektir.

52 HOCKER 2011, 202

53 CRUMLIN PEDERSEN vd. 1997, 79, Fig.3.32; BOJESEN KOEFO-
ED vd. 2003, 52-53, Fig. 2.37; POMEY 2014, 34
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ricdockyard.co.uk/site-attractions/attractions/mary-rose, 20.12.2020.
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Another approach was tried in Vasa’s initial exhibition
arrangement, where the visitors were allowed to touch
the ship, and could walk on its deck to a certain degree.>
But this practice was abandoned after a while. The ideal
environmental conditions were either provided by air-
conditioning of the entire exhibition hall>* or through the
glass construction built around the shipwreck®. YK12
will be displayed openly by controlled air-conditioning
of the hall.

SUPPORT AND CARRIER CONSTRUCTION

The exhibit construction consists of internal and external
supports for the timbers, the main carrier construction
to hold the entire hull, and the representative lines. The
support system is the part that holds the shipwreck’s
timbers, preserves its form, and prevents it from
drooping. While designing, some criteria have to be set
such as visibility of the support profiles for the planking,
the mode of fastening within the system and with the
original timbers, and the extent the support system is
used. The internal support system of the shipwreck
YK12 will be designed in such a way that it will prevent
opening of the hull toward the sides, and support the
internal elements, in lines conforming to the shape of
the missing elements of the vessel. The internal system
will transfer the load of the upper elements directly to
the main carrier without putting any stress on the hull’s
timbers. The planking will be supported breadthwise
and lengthwise. The breadthwise supports will bear the
bottom of the hull as well as the certain places related
with the form and strenght such as joints of planking
and parts of the hull where angular changes begin.
Planking scarfs are the point of union of both long and
short planks of the same strake. Any area of stress made
on the stern or the bow setup, may cause detachments
in these areas, therefore suitable solutions are needed
(Fig. 11). Lengthwise supports will run along the hull
to support the planking from outside. Additionally, thin
profiles will be inserted between some of the strakes to
distribute the weight from the top to the entire system.
These intermediate components that prevent the planks
from overlapping will be designed with a precision and
characteristic that won’t alter the original appearance
and positions. These profiles can be mounted between
the PS6/PP6 and PS7/PP7 at the starboard and port sides;
and between PS7-PS8 and wale 1 at the starboard side.
The 3 cm wide flat area on the upper and lower surfaces
of the existing wale for mounting the planks will be put
to use in this system.

52 HOCKER 2011, 202
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54 CLARK et al. 2004, 302; The Mary Rose Museum, https://www.his-
toricdockyard.co.uk/site-attractions/attractions/mary-rose, 20.12.2020.



Iskele ve sancak taraflarinda korunmus olan kisimlarin
birbirine orani, ahsaplarin kirildig1 egri hizalari, mevcut
boyutvebigimleri kurulumsirasindakiic ve dis desteklerin
bicimini ve 6zelliklerini belirleyecektir. Desteklerin ya da
govde dayanimim artirmak icin yapilacak takviyelerin,
6n plana ¢ikmamasi, bunun tersine orijinal biitiinligi
pekistirmesi amaciyla, teknenin konstriiksiyonundan
yola cikilarak tasarlanmasi planlanmistir. Ornegin,
E18 ve E20 dosekler iizerinde ozel kanalli bdlme
elemanlarin pargalar1 ve E18’in bag tarafinda SCT1
iistine oturan bir kemere pargast bulunmaktadir.
Orijinalinde, 6zel bdlmenin yanindan diger tarafa
(alabandadan alabandaya) devam eden kemerenin,
uzatilmig temsili hatlarla tamamlanarak, gévdenin bu
kismmin agilmalara karsi saglamlastirilmasini; ayni
zamanda, bolme dikmesinin orijinal konumunda ve
dikliginde durmasi i¢in desteklenmesini saglayacak bir
tasarim gelistirilecektir (Fig. 12).

Plark ends at e fame stabons Egri hizalarindaki kaplama bitimleri

g of S50 afd plark gngy Kaplama uglari ve parile alanlar1
Chrigad in tha hull ghape wilh Dogeklere gore govde seklindeki degisim
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The ratio of the preserved port parts to starboard parts,
alignment of the frames where timbers are curved, their
present dimensions and forms will define the form and
characteristics of the internal and external supports
during the assembly. The reinforcements to be made
to improve the strenght of the supports or the hull
should not stand out, on the contrary, they should be
designed according to the ship’s construction in order to
reinforce the original integrity. For instance, the floor-
timbers Fr18 and Fr20 contain parts of the bulkhead
and on bow side of Fr18 there is a piece of the beam
that fits on wale 1. The design will ensure that the beam
originally reaching out from the bulkhead’s one side to
the other side (athwart) will be finished with extended
representative lines, strengthening this side of the hull
against separation as well as enabling the bulkhead
stanchion stand in its original and upright position (Fig.
12).
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Fig. 11: Govde karakteristiklerine gore belirlenen destek hatlar1. (I. Ozsait Kocabas, C. Sanligengler)
Fig. 11: Support lines determined according to the hull characteristics. (I. Ozsait Kocabas, C. Sanligencler)
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Fig. 12: Kemere ve kanalli dikme destegi 6nerisi. (I. Ozsait Kocabas, C. Sanligengler)
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Fig. 12: Proposal for through-beam and grooved stanchion support. (I. Ozsait Kocabas, C. Sanligengler)



TINA

Destekleyici ve tagiyict sistem kaplama planina gore
belirlenen bir diizende insa edilecektir. Kaplamalarin
ek yerleri, govde altindaki ilk ii¢ kaplama sirasinda kig
tarafinda E29-E20 hizasindadir. Bu kaplamalarin uzun
tahtalari, buradaki ek yerinden bas taraftaki E1 ve E2’ye
kadar devam etmektedir. Dolayisiyla, biitlinliiglinii
koruyan ve neredeyse tiim govdeyi kapsayan kaplamalar
icin tek bir sistem olusturulmasi gerekmektedir. Bazi
batik ¢alismalarinda, gévdenin ortasindan baslayan, tim
yonlerde ilerleyerek kurulumla birlikte genisleyen gegici
destek ve iskelelerin kullanimi tercih edilmistir.*® Steffy*
laboratuvar rekonstriiksiyonu ile gercek kalmtilar
arasindaki olusacak farklarda, sonucun orijinal gemi
kalintisina bagl kalarak ¢oziilebilmesi i¢in bu ydntemi
tercih ettigini ifade etmistir. insa edilen iskelenin sabit
olmamasi dzellikle kismi korunmus gévdeler i¢in 6nemli
bir husustur. Bununla birlikte, YK 12 nin sancak ve iskele
taraflar1 neredeyse esit oranda korunmus ve biitiin halde
bulunan karina kaplamalari bu tiir bir kurulumdan ziyade,
bas ki¢ doniigiimlii daha yaygin bir ¢aligma alanini gerekli
kilmaktadir. Bu nedenle YK12 igin, rekonstriiksiyona
gore Onceden insa edilerek batik ahsaplarinin
hazirlanmig olan yerlerine yerlestirildigi bir destek ve
tasiyici sistem yaklasimi tercih edilmistir. Diger taraftan,
YK 12’nin ahgaplarinin, birbirinden ayr1 pargalar halinde
dondurarak kurutmasi yapilacaktir. Kaplamalar, her ne
kadar orijinal sekli veren kaliplar i¢inde kurutulsalar da,
iist iiste konularak gerceklesecek kurulumlar sirasinda
hiza sagmalari, temas eden yiizeylerde farkli araliklar ve
uyumsuzluk beklenen riskler arasindadir. Konservasyon
sonrasi depoda beklenen siire uzadiginda bigimsel
kiiciilme ya da konturlarda bozulma olasilig1 g6z 6niinde
bulundurulmalidir. Orijinal ahsaplar ve gévdeyi tasiyan
konstritksiyon arasinda, gelisebilecek olasi sorunlara
karsi, sisteminin modiiler tasarlanmasi planlanmustir.
Sistem, besincikaplamasirasinakadar oldukg¢a diizdevam
eden YK 12 nin alt gévdesinin tamaminda dnceden monte
edilecek; govdenin karina doniisii ve iistiindeki hatlar
icin yeniden kurulumla birlikte eklenerek ayarlanabilir
sekilde ve asamali montajlarla kurulacaktir. Bu sayede,
yerlestirilen kisimlarin dogrulanmasi orijinal ahsaplara
gore yapilabilecektir. Ayarlanabilir baglantilar, uzayip-
kisalabilen kanalar, yiikseklik ayar1 yapilabilen ayaklar
gibi konstriiksiyonun boyutlarina esneklik saglayan
montaj sistemi gelistirilecektir. I¢ ve dis destekleri gegici
ve kalict olarak gruplamak miimkiindiir. Gdvdenin
yeniden kurulumu sirasinda elemanlarin birbiri ile
iligkilendirilmeleri, gévdenin enine bigiminin kontrolii
ya da kalic1 sabitlemeye kadar dogru pozisyonlarin
korunmasi i¢in gecici ig-dis desteklere ve tutuculara
ihtiya¢ olacaktir.

55 KATZEV 1981; MATTHEWS 2004; KAHANOV 2011
56 STEFFY 1994, 232-233
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The support and carrier system will be built in accordance
with the planking plan. The joints of the planks are in
the line of the first three plank strakes at the bottom of
the hull, aligned with floor-timbers Fr29-Fr20 in the
stern. The long timbers of these planks extend from the
joint located in this part to the floor-timbers Frl and Fr2
in the bow part. Therefore, a single system has to be
developed for the planking that preserve their integrity
and cover almost the entire hull. For some shipwrecks,
use of temporary supports and scaffolds was preferred
that start from the center of the hull and extending in
each direction alongside the setup.” Steffy*® reported
that he prefers this method in order to address any
differences between the laboratory reconstruction and
the original remains based on the original remnants
of the ship. It is important to build a mobile scaffold,
particularly for partially preserved hulls. On the other
hand, YKI12’s almost equally preserved and intact
bottom planks on the port and starboard sides require a
more expansive study area between bow and stern rather
than this type of a assembly. Hence, a pre-built support
and carrier system was preferred for YK12 according
to the reconstruction where the timbers are placed in
their pre-defined positions. On the other hand, the YK 12
timbers will be individually freeze-dried. Although the
planks will be dried inside the moulds that preserve their
original forms, the anticipated risks include alignment
problems during installation that will be performed
by superimposing, variety of gaps in contact surfaces,
and incompatibility. As the time spent in the storage
following conservation is prolonged, potential reduction
in the form or deterioration of the contours should be
considered. Against potential problems that may occur
between the original timbers and the construction
carrying the hull, a modular system design is planned.
The system will be pre-installed throughout the YK12’s
lower hull that stretches up to the fifth plank strake; the
installation will be stepwise and adjustable by adding
along with reassembly for the turn-of-the-bilge and
the lines above it. Thus, it will be possible to verify
the parts that are placed based on the original timbers.
An assembly system will be developed that provides
flexibility to the dimensions of the framework such as
adjustable fastenings, canals that can stretch/shorten,
and height adjustable foot. Internal and external supports
can be grouped as temporary and permanent. Temporary
internal-external supports and carriers will be needed
to retain the correct positions until establishment of the
associations between the elements, checking the cross-
sectional form of the hull or permanent fastenings during
the reassembly of the hull.

55 KATZEV 1981; MATTHEWS 2004; KAHANOV 2011
56 STEFFY 1994, 232-233
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Ana tastyict konstrilksiyon tim govde ve destekleri
tastyacak; zemine yiikii yayarak iletecek; govdenin
sancaktaki agirlikli yanin1 dengeleyecek ve ayarlanabilir
bir  diizenekle tasarlanacaktir.  Konstriiksiyon,
ziyaretgilerin ~ batiga  yaklagmasmi  Onleyecek,
gerektiginde kolayca sokiilebilecek bir diizenekte ve
zemine baglanacak sekilde olusturulacaktir.

TEMSILI HATLARIN TASARIMI

Temsili hatlar, eksik kisimlarin enine ve boyuna
hatlarini belirleyerek orijinal gdvdenin biitiinliik algisina
yardimc1 olurlar. Aym1 zamanda, bodoslama hatlarimi
olusturarak tasiyici goérevi ya da destek sistemindeki
yiikii tiim gdvdeye dagitma gorevi tstlenebilirler. YK12
batiginda boyuna temsili hatlar, mevcut kaplamalarin,
eksik kisimlarinda devam ettirilerek bodoslama
kopyalarma birlestirilecektir. Bununla birlikte, siyer
hattt disinda kayip kaplama siralarinin tamamlanmasi
yapilmayacaktir.

Temsili egrilerin estetik alg1 agisindan esit araliklarla
yerlestirilmesi disiiniilebilir. Endaze de alinan 10
egri hatti da temsili egrileri yerlerini belirleyebilir.
YK12’de bu egrilerin yeri, kaplama planina gore
olusturulacaktir (Fig. 13).

SERGI ORTAMI

Sergi salonlar1 gibi genis ve pek ¢ok faktoriin bir arada
bulunduruldugu mekanlarda, kontrollii ortam kosullari
olusturmak depolama alanlarma gore ¢ok daha zorludur.
Miizelerde mekanin 1sitma ve aydmlatma degerleri
ayarlanirken, ziyaretgilerin rahatsiz olmayacagi diizeyler
ile eserlerin optimum ortam sartlar1 arasinda bir denge
kurulmaya 6zen gosterilir.”’

57 SENER-YENER 2007; OZCAN-CAGLAR 2020
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The main carrying construction will be designed with a setup
that will bear the entire hull and the supports; the weight will
be uniformly distributed and transferred to the ground; it will
balance the heavier starboard side of the hull and will have an
adjustable mechanism. The construction layout will prevent
the visitors from getting too close to the shipwreck, and it will
be floor-mounted and pratically disassembled when necessary.

DESIGN OF THE REPRESENTATIVE LINES

Representative lines help perceive integrity of the original
hull, defining transverse and longidutinal lines of the missing
parts. These also take on the task of spreading the load on
the carrier or support system to the entire hull by forming the
stem and sternpost lines. The longitudinal representative lines
on the shipwreck YK 12 will continue on the missing parts of
the existing planks, and meet the stem and sternpost replicas.
However, missing planking strakes will not be completed
except the sheer line.

From an aesthetical point of view, representative frames can be
positioned at equal intervals. Ten frame lines on the linesplan
can also define the location of the representative lines. The
locations of these frames on YK12, will be established
according to the planking plan (Fig. 13).

EXHIBITION ENVIRONMENT

In large places such as exhibition halls where many factors
are present, it is very challenging to create a controlled
environment compared to storage areas. While adjusting the
heating and lighting levels of the halls in museums, care is
taken to establish a balance between the levels that will not
disturb the visitors and the optimum environmental condition
for the finds.*’

57 SENER-YENER 2007; OZCAN-CAGLAR 2020
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Bununla birlikte, konservasyonu yapilmis batik
govdelerinin  sergilerinde bu durum dikkatle ele
alinmalidir. Miize binasinin, dogal 15181n etkisini ve
1s1 degisimlerini azaltmak i¢in kiiglik pencereli ve dis
sartlara kars1 yalitimli inga edilmesi gibi sergiye uygun
tasarlanacak mimarisi kadar, i¢ mekanin iklimlendirmesi
ve aydinlatmasinda belirleyici kriter batigin kendisi
olmalhdir. Genis camli tasarimlarin  ultraviyole
isinlarmin i¢ ortama kontrolsiiz girmesinin yani sira
camda olusan yogusma sonucu mekanin bagil nemini
yiikselttigi ve sabit sicaklik kontroliinii zorlastirdigi
bilinmektedir.*® Skuldelev 3 ve Skuldelev 5 batiklarinin
sergi salonunun camli tarafina bakan ahsaplarinda
olusan gri-mavi renk bozulmalar1 dogal 1518a maruz
kalma ile iligkilendirilmistir.* Bozulmay1 6nlemek veya
geciktirmek icin, Roskilde Viking Gemi Miizesi’nin
pencere camlarinda, 15181 filtreleyen kaplamalar
kullanilmistir.®® Benzer bir uygulama Gokstad, Oseberg
ve Tune batiklarinin bulundugu Oslo Viking Gemi
Miizesi’nde gerceklestirilmistir. Ancak, yeterince iyi
kosullarmn bulunmamasi nedeniyle, gelistirilmis bir
iklimlendirme ve destek sistemine sahip yeni miize
binasi insa edilmektedir. Eski miizeye ek bir tasarimla
gelistirilen Yeni Viking Gemi Miizesi’nin 2025 yilinda
tamamlanmast planlanmaktadir.®® Havalandirma ve
iklimlendirme sistemleri tasarlanirken, alanin boyutunun
ziyaretgisayistile yakiniliski goz 6niinde bulundurulmali;
sergi salonlar1 dengeli ve sabit bir iklimlendirme
yapilabilecek boyut ve Ozellikte tasarlanmalidir.®
Konservasyonda kullanilan malzemelerin 6zellikleri
batik ahsaplarinin sergideki dayanimi ile dogrudan
iligkilidir. ~ Konservasyonunda  kullamilan ~PEG’e
bagli olarak, YK12’nin ahgaplart bulundugu ortamin
kosullarina hassas bir yapidadir. PEG yiiksek aydinlik
diizeyinde bozulmaya ugramaktadir.®* Ayni zamanda,
yilksek ortam sicaklifi, islem gormils ahsaplarda
yumusamaya, yapistirilan yiizeylerin ayrilmasmna ve
PEG’in bozulmasma neden olabilmektedir. Yiiksek
bagil nem, ahsaplarda biyolojik bozulmalari arttirdigi ve
ahsap yapisindaki siilfat ve demir bilesikleri nedeniyle
asitlenmeye neden oldugu gibi; higroskopik PEG ile
islem gormiis ahsaplarin fazla nem ¢ekmesi sonucu,
batigin agirliginin artmasina neden olacaktir.®*

58 JENSSEN-PEARSON 1987, 268
59 JENSEN vd. 2002, 79
60 JENSEN vd. 2002, 79-80

61 CHRISTENSEN 1973; Museum of Cultural History, https://www.
khm.uio.no/english/visit-us/viking-ship-museum/new-viking-age-mu-
seum/norways-new-world-attraction, 25.12.2020.

62 HOCKER 2010, 8

63 JENSSEN-PEARSON 1987, 268
64 KILIC 2017a, 32-33
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However, these conditions should be carefully considered
in the exhibitions of conserved hulls of shipwrecks. The
decisive criterion for the indoor air conditioning and
lighting should be the shipwreck itself, as well as the
architecture of the museum building to be designed in
accordance with the exhibition, such as the construction
of the museum building with small windows and well-
insulated walls to reduce the effect of natural light and
heat changes. It is known that a large-window design
increases the relative humidity of the hall due to
condensation on the glass and make constant temperature
control difficult in addition to uncontrolled penetration
of ultraviolet rays into the indoor environment.*® The
gray-blue discoloration of the wood of the Skuldelev 3
and Skuldelev 5 shipwrecks facing the glazed side of
the exhibition hall has been associated with exposure
to natural light. Light-filtering coatings are used on
the windows of the Roskilde Viking Ship Museum to
prevent or delay deterioration.®” A similar exercise was
carried out in Oslo Viking Ship Museum, where the
Gokstad, Oseberg and Tune shipwrecks are located.
However, due to the lack of suitable conditions, a new
museum building with an improved air conditioning
and support system is being built. The New Viking
Ship Museum, with a design being attached to the old
museum, is planned to be completed in 2025.%' While
designing ventilation and air conditioning systems, the
close relationship between the size of the area and the
number of visitors should be taken into consideration,
and the exhibition halls should be designed in a size
and feature that can provide a balanced and constant
air conditioning.®* The properties of the materials used
in conservation are directly related to the strength of
the shipwreck timbers at the exhibition. Due to the
PEG used in their conservation, YK12’s timbers are
susceptible to their environmental conditions. PEG
degrades at high levels of luminance.®® Similarly, high
ambient temperature may cause softening in treated
timbers, separation of bonded surfaces and degradation
of PEG. High relative humidity increases the biological
deterioration of wood and causes acidification due to
sulphate and iron compounds in the wood structure,
moreover, timbers treated with hygroscopic PEG
absorbing much moisture will result in increased weight
of the shipwreck.*

58 JENSSEN-PEARSON 1987, 268
59 JENSEN et al. 2002, 79
60 JENSEN et al. 2002, 79-80

61 CHRISTENSEN 1973; Museum of Cultural History, https:/www.
khm.uio.no/english/visit-us/viking-ship-museum/new-viking-age-mu-
seum/norways-new-world-attraction, 25.12.2020.

62 HOCKER 2010, 8

63 JENSSEN-PEARSON 1987, 268
64 KILIC 2017a, 32-33



Diistik bagilnemiseahsaplardakurumayavecatlaklara
yol ac¢makta, boyut olarak kiiglilen elemanlarin
aralarmin agilmasi ve tasiyict desteklerinden serbest
kalarak batik govdesinin dengesinin bozulmasina
kadar giden bir siirece neden olabilmektedir.*

Batik ahgaplarmin mevcut durumunun korunmasi ve
sergileme sirasinda yeni bozulmalarin olugsmamasi
icin, uygun olan sicaklik 18-20°C, bagil nem %45-
55, 151k siddeti 50-200 liks arasindaki degerlerde
olmalidir.® Miize iklimlendirmesinde sabit tutulan,
18°C sicaklik ve % 53 bagil nemde, Vasa ahsaplarinda
goriilen boyutsal ve bi¢cimsel bozulmalarin % 50’ye
varan oranda azaldigi belirtilmistir.” Skuldelev
batiklarinda, %50 civarindaki sabit bagil nem oraninin
ahsaplardaki demir siilfatin yayilimmi durdurdugu
gozlemlenmistir.*® Hjortspring fotokimyasal
bozulmanin etkilerinin azaltilabilmesi i¢in karanlik
bir ortamda; Vasa, 1sik siddeti 100 liiksiin altinda
sergilenmektedir. Sergi ortaminin  havasinda
bulunan gazlar ve Kkirleticiler, batik ahsaplar1 i¢in
ayr1 bir sorun olusturmaktadir. Miizelerde hava
girisinin denetlenmesi ve havanin temizlenmesi
icin ¢esitli yontemler uygulanmaktadir.”® Agik sergi
alanlarinda, batik govdelerinde biriken kir ve tozlarin
temizlenmesi diizenli gergeklestirilmesi gereken
islemler arasindadir.” Siirdiiriilebilirligin saglanmasi
icin, sergi siiresince analizlerin, gerekli kontrollerin ve
bakim ¢aligmalarinin diizenli araliklarla tekrarlanmasi
gerekmektedir. Bu baglamda, konservasyonu yapilan
ahsaplarin ileri siireglerini, olast bozulmalarini ve
cevrenin batiga etkisini takip edecek cihazlar ve
sensorler yerlestirilmektedir.”> YK12 batiginin sergi
ortami igin benzer diizenlemelerin yapilmasi uygun
olacaktir.

65 HOCKER 2020, 31

66 JENSSEN-PEARSON, 1987: 268-269
67 HOCKER 2020, 34

68 PETERSEN-STRATKVERN 2020, 63
69 HOCKER vd. 2012, 178-179

70 JENSSEN-PEARSON 1987, 269; BOJESEN KOEFOED vd. 2003,
52; HOCKER 2010

71 BOJESEN KOEFOED vd. 2003, 52; PETERSEN-STRATKVERN
2020, 64

72 HOCKER 2010; ELLINGSEN vd. 2019
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Low relative humidity causes drying and cracks in the
wood, thus increasing the gaps between the elements that
shrink in size and then releasing them from the carrying
supports and disrupting the balance of the hull.*®®

In order to preserve the current condition of the
shipwreck’s timbers and to prevent any new deterioration
during display, the appropriate temperature should be
between 18 and 20 °C, relative humidity between 45
and 55%, and light intensity between 50 and 200 lux.%
It has been reported that the dimensional and formal
deterioration seen in Jasa timbers decreased by up to
50% at 18 °C temperature and 53% relative humidity,
which are kept constant through the museum climate
control system.? It has been observed in the Skuldelev
shipwrecks that a constant relative humidity of around
50% prevents the release of iron sulphate in the
timbers.®® The Hjortspring shipwreck is displayed in a
dark environment to reduce the effects of photochemical
degradation; and Vasa is exhibited in an environment
with a light intensity of less than 100 lux.® Gases and
pollutants in the air of the exhibition environment
pose an additional problem for shipwreck timbers.
Various methods are used in museums to control the
air intake and clean the air.”’ Cleaning of dirt and dust
accumulated in shipwreck hulls in open exhibition areas
is among the regular procedures that should be carried
out.”! Analyzes, necessary controls and maintenance
work should be repeated at regular intervals during
the exhibition to ensure sustainability. In this context,
devices and sensors are installed to monitor the advanced
procedures of conserved timber, possible deterioration
and the effect of the environment on the wreck.” Tt
would be appropriate to make similar arrangements for
the exhibition environment of the shipwreck YK12.

65 HOCKER 2020, 31

66 JENSSEN-PEARSON, 1987: 268-269
67 HOCKER 2020, 34
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SONUC VE DEGERLENDIRME

Yenikapi batiklar1 fonksiyonlarina gore, ticaret gemileri
ve kadirgalar olarak iki temel grup altinda toplanmistir.
Yapim yontemleri kenar kavelali, ztvanali gegmeli ve
kenar birlestirmesiz olarak baslica {i¢ ¢esittir. Govde
tipleri diiz dipli, sarap kadehi ve ikisi arasindaki
bi¢imlerden olugsmaktadir. Kadirgalarin tahmini orijinal
uzunlugu yaklasik 30m’dir. Ticaret gemileri yaklasik
7m uzunlugunda olanlardan 25 m’yi gectigi diistiniilen
biiyiik gemilere kadar degisen boyutlardir.”

Bu batiklarin giiniimiize ulasan korunmusluk durumlari,
govdenin pargalar halinde veya biitlin olmasi, mevcut
elemanlarmin sayisi, govde icindeki konumu, islevi,
yerine bagli veya ayr1 bulunmasi ile fiziksel, kimyasal ve
biyolojik bozulmalarina gore farklilik gostermektedir. Bu
parametreler ve uygulanan konservasyon, restorasyon
ve rekonstriiksiyon uygulamalar1 batiklarin sergilenme
karar1 ve yontemi iizerinde belirleyici rol almaktadir.
Yenikap1 batiklarimin ¢ogunda PEG (Polietilen glikol)
on emdirmesi ardindan vakumlu dondurarak kurutma
uygulamasi1 gergeklestirilmektedir. Ayrica, yiiksek
oranda bozulmaya ugramis, acil miidahale edilmesi
gereken  ahsaplarn  konservasyonunda melamin
formaldehit (Kauramin®) yontemi kullanilmaktadir.”
Genel is akiginda, belgeleme ¢aligmalari tamamlandiktan
sonra konservasyon siireci baglamaktadir. Bununla
birlikte, laboratuvarda 1:1 belgelemenin uzun siirmesi
ve batik sayisinin fazla olmasi nedeniyle, bozulma
oran1 yiiksek batiklar, dis hatlarinin ¢izimleri yapilarak,
daha sonra detayli belgelemesi gergeklestirilmek iizere
konservasyona alinmaktadir.

Ongoriilen sergi  sekli, konservasyonun kurutma
asamasindaki  uygulamalar1  degistirecegi  icin,
sergilenecek ve depolanacak batiklarin  Onceden
belirlenmesi 6nemlidir. Tiim batiklarin sergilenmesi
ideal olan yaklagimdir. Bununla birlikte, Yenikapi
batiklarinin tiimiiniin kalic1 bir sergi ortaminda yeniden
kurulmasi, pek c¢ok farkli ¢arpani olan genis kapsaml
bir eylemdir. Oncelikli olarak, sergilenmeye daha uygun
olanlar iizerinden bir secki yapilmasi, is akiginin dogru
ilerlemesini miimkiin kilacaktir. Diger batiklarin, talep
ve mali imkanlar dahilinde sergilenme olasiliklar goz
oniinde bulundurulmahdir. Bir batigin korunmugluk
oraninin yiiksek olmasi ilk akla gelen se¢im nedenidir.
Bununla  birlikte  degerlendirmelerde,  Yenikap1
tekne ve gemilerinin sergileme konsepti géz Oniinde
bulundurulmalidir.

73 OZSAIT KOCABAS-KOCABAS 2008; KOCABAS-OZSAIT KO-
CABAS 2013; KOCABAS 2015a, 7; PULAK vd. 2015, 43
74 KOCABAS 2015b, 158-160; KOCABAS 2017
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CONCLUSION AND COMMENTS

The Yenikap:t shipwrecks can be categorized into
two main groups based on their intended purpose of
use as merchantmen, and galleys. Their methods of
construction can be classified in three main groups, as
vessels with dowels used as edge-fasteners, the ones
with pegged mortise-and-tenon edge-fasteners, and
vessels without edge-fasteners. Based on their hull
types, they are flat-floored, wine-glass-shaped or in-
between. The estimated original length of galleys is
approximately 30 m. The lengths of merchantmen differ
ranging from approximately 7 m to large ones that were
probably over 25 m.” The preserved states of these
shipwrecks vary according to their physical, chemical
and biological deterioration, whether the hull is in
pieces or intact, the number of extant elements, their
location and function in the hull, whether they are found
fixed in position or loose. These parameters and the
conservation, restoration and reconstruction procedures
used play an important role on the exhibition decision
and method of the shipwrecks. Most of the Yenikap1
shipwrecks are treated with PEG (polyethylene glycole)
pre-impregnation, followed by freeze drying. Besides,
melamine formaldehyde (Kauramin®) method is
used in the conservation of timbers that were highly
deteriorated, and in need of urgent intervention.” In
conventional workflow, the conservation process begins
after completion of the documentation. However, since
the full-scale documentation in laboratory takes time
and the number of shipwrecks is high, the contours of
shipwrecks with a high rate of deterioration are drawn,
and then they undergo conservation procedure for
detailed documentation.

As the projected display method will change the
drying procedures during conservation, it is important
determine which shipwrecks will be displayed and
which ones will be kept in storage in advance. Ideally all
shipwrecks should be displayed. However, reassembly
of all Yenikap1 shipwrecks in a permanent exhibition
setting requires a comprehensive action involving many
different factors. First of all, making a selection from
the ones that are more suitable for display will make
it possible to proceed with the workflow properly.
It is important to consider possibility of exhibiting
other shipwrecks based on the demand and financial
possibilities. A highly preserved condition of a shipwreck
is the first reason that comes to mind. However, the
exhibition concept of Yenikap1 boats and ships should
be taken into consideration during evaluations.

73 OZSAIT KOCABAS-KOCABAS 2008; KOCABAS-OZSAIT KO-
CABAS 2013; KOCABAS 2015a, 7; PULAK et al. 2015, 43
74 KOCABAS 2015b, 158-160; KOCABAS 2017



Ornegin, aym salonda sergilenecek ticaret gemileri
icin, birbirinden farkli ahsap elemanlar1 korunmus
olan batiklarin secilmesi, biitiinliik algisina katki
saglayacaktir. Baska bir yaklagim, birbirinden farkl
boyut ve tipte ticaret teknelerinin segilmesi ile Erken ve
Orta Bizans Donemi’ndeki ticaretin yogunlugu ve sekline
vurgu yapilmasidir. Bir diger yaklagim, iyi korunmus ve
rekonstriiksiyonuna goére sergilenen bir ticaret gemisi
ve bir kadirganin sergilenmesi ile ayni1 dénemdeki gemi
cesitliliginin gosterilmesi olacaktir. Bunun disinda,
sergilemesayisivemekaninelverisliligine gére, kadirgalar
salonu, ticaret gemileri salonu ya da konstriiksiyonlarma
ve tarihlemelerine gore, kenar kavelal1 batiklar ve erken
doénem salonlar1 gibi béliimlemeler de olusturulabilir.
Bu dogrultuda, secki kriterlerini, batiklarin {inik
pargalarinin bulunmasi, bir ddnemin yapim teknolojisini
iyl yansitmasi, sergilenen batiklar ile karsilagtirmali
bilgileri saglayabilmesi, bilyiik cogunlugunun korunmus
olmasi sayesinde doneminin gemi tipini temsil etmesi
ya da az sayida pargalarina ragmen diger batiklarda ele
gecmemis Ozellikte elemanlarinin bulunmasi seklinde
siralamak miimkiindiir. Yenikap1 batiklarinin birgogunun
uzun kaplama tahtalar1 bi¢im ve boyutlarii koruyarak
giinlimiize ulastig1 icin, orijinal gévde bigimine gore
sergilenmeleri ve kurutma sirasinda sekillendirilmeleri
dogru bir yaklagim olacaktir. Ancak, bozulma analizleri,
baz1 batik ahsaplarmin  6ncesinde rekonstriiksiyon
caligmalarinin yapilmast ve sekillendirme kaliplarinin
hazirlanmas1 gibi uzun bir siireci bekleyemeyecek
durumda oldugunu gostermektedir. Bu batiklarin ahsap
elemanlarinin, konservasyon sonrasi sekillendirilmesi,
sekillendirilmeden orijinal gdovde bicimine uygun
birlestirilmesi ya da in situ haliyle sergilenmesi igin
planlamalar yapilmalidir. Cok kirikli ya da belli
parcalara ayrilmig olan ahgap elemanlar, Onceden
kaliplanmasalar bile rekonstriiksiyona gore kuruluma bir
derece uyum gosterebilir. Bu batiklarin kirik pargalari,
orijinal bigime gore olusturulacak destekleyici sistem
icinde birlestirilerek sergilenebilir. Bu nedenle se¢imler
sirasinda ileriye yonelik kapsamli degerlendirmeler
yapilmalidir.

Bazi gerekli durumlarda ayni batigin farkli elemanlart
melamin formaldehit ve PEG ile iglem gormiistiir. Bu
yontemlerin ikisi de boyutsal stabilizasyonu saglamada
bagarilidir. Ancak, ayn1 batigin elemanlarinda iki farkh
kimyasal kullanimi batik sergisinde, farkli renk, yapisal
dayanim ve agirliktaki ahsap elemanlarin izlenmesine
neden olacaktir. Melamin formaldehit yonteminde
ahsaplarda catlamalar ve dogal rengin asir1 derecede
acilmasi ve beyazlagma goriilmektedir.”

75 KILIC 2017c, 146
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For example, for merchantmen to be exhibited in the
same hall, choosing shipwrecks with different wooden
elements preserved will contribute to the perception
of integrity. Other approach is to emphasize the scale
and nature of trade in the Early and Middle Byzantine
Period by selecting trade boats of different sizes and
types. Another approach would be to demonstrate
the diversity of ships from the same period, with the
display of a merchant ship and a galley, well preserved
and displayed according to its reconstruction. Apart
from this, divisions including the galleys hall and
the merchant ship hall depending on the number of
exhibitions and the availability of the space, or the
shipwrecks with dowels used as edge-fasteners, and
early period halls according to their constructions and
dating can be established. Accordingly, the selection
criteria may include whether the shipwrecks have
unique pieces or reflect the construction technology of
a period, or they can provide comparative information
to exhibited shipwrecks, or they are representative of the
period due to the fact that majority of them is intact, or
the presence of elements, although limited in number,
uncovered in other shipwrecks. Since many of the
Yenikapt shipwrecks have survived by preserving their
shape and size, it would be appropriate to exhibit them
according to their original hull forms and shape them
during drying. However, degradation analyzes show
that some timbers are in such a condition that they are
not ready to undergo a long process of reconstruction
and mould production. Plans should be made to
shape the wooden elements of these shipwrecks after
conservation, join them in accordance with the original
form of the hull without being molded, or display them
in situ. Wooden elements with many cracks or in evident
fragments, although previously not molded, may be
suitable for reassembly according to reconstruction to a
certain degree. The broken parts of these shipwreck can
be joined using a support system developed according
to its original form and displayed. Therefore prospective
expansive assessments must be made among available
options. Therefore, comprehensive prospective analyses
should be carried out among alternative options.
When required, different elements of the same shipwreck
were treated with melamine formaldehyde and PEG.
Both methods are robust in dimensional stabilization of
wood. However, use of two different chemicals on the
elements of the same shipwreck will lead to discoloration,
different structural strength and different weight in the
display. In melamine formaldehyde method, cracks,
extreme discoloration and blanching of the natural color
were observed on the timbers of the shipwreck.”

75 KILIC 2017c, 146
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Sergilenen batiklarda elemanlar arasindaki renk uyumu
pigment uygulamalariyla saglanmaktadir. Bununla
birlikte, birbirinden farkli 6zelliklerdeki iki kimyasal
ile konservasyonu yapilmis bir batigin yeniden
kurulumuna, destek malzemelerinin segimine ve sergi
ortaminin olusturulmasina dikkatli yaklasilmalidir. Bu
batiklarin yeniden kurulumu sirasinda, iki malzemenin
etkilesime girme olasihigina karsi, PEG ve melamin
formaldehitle islem gormiig ahsaplarin arasina ayirici
bir malzeme yerlestirilmelidir. Melamin formaldehit
ile islem gormiis ahsap elemanlar gereginden fazla
hafiflemektedir.”

Yeniden kurulumda elemanlarin  yerlesiminde ve
destek sistemlerinin olusturulmasinda ahsaplardaki
agirhik farki géz oniinde bulundurulmalidir. Destek
ve tastyict konstriiksiyon i¢in, melamin formaldehitli
ahsaplarda 6nemli olmayan demir kullanim1 PEG igin
korozif etkiye sahiptir. Melamin formaldehit, bagil nem,
sicaklik ve 1g1k degerleri agisindan PEG’e gore daha
esnek sartlara sahiptir. Bununla birlikte iki materyal
icin de direk giines 15181 zarar verici etkendir. 18-
20°C sicaklik ve %45 ile %55 bagil nem degerleri iki
yontemde korunan ahsaplar igin de uygundur. Melamin
formaldehit ¢dzeltisi i¢erisinde bulunan ve insan sagligi
icin son derece zararli olan formaldehitin ahgaplardan
buharlagmasi ziyaretgiler ve miize ¢alisanlari i¢in tehdit
olugturmaktadir. Buna uygun havalandirma ve 6nlemler
tasarlanmalidir. Konservasyonu tek bir kimyasal ile
gergeklestirilen batiklarin farkli salonlarda sergilenmesi
de tercih edilebilir.

Yenikap1 batiklart icin 6zel bir miize binasi insa
edildigi takdirde, batiklarin sergisine hangi oranda yer
verilecegi ya da tiim batiklarin sergilenebilmesi i¢in
gerekli mali kaynagm olup olmayacagini bugiinden
ongormek zordur. Ancak, batiklarin tiimiinin bir
arada sergilenmesinin, sayilari ve boyutlar1 nedeniyle
mekansal tasarimi zorlayacagini sdylemek miimkiindiir.
Yenikap1 batiklarinin farkli miizelerde sergilenmesi
kamuda bilgi ve ilginin yayginlastirilmasi i¢in kabul
edilebilir bir yaklasim olacaktir.

76 HOFFMANN-WITKOPPER 1999
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The color harmony between wooden elements of the
shipwrecks on display is achieved by use of pigments.
On the other hand, attention should be paid to
reassembly of a shipwreck that underwent conservation
with two chemicals of different characteristics,
selection of support material, and exhibition setting.
During reassembly of these shipwrecks, a separating
material should be placed between the timbers treated
with PEG and melamine formaldehyde to avoid any
potential interaction between the two materials. The
weight of timbers treated with melamine formaldehyde
is overly reduced.”® During reassembly, the difference
in weight of the timbers should be taken into account
while placing the elements and building the support
systems. The use of non-essential iron in timbers treated
with melamine formaldehyde for the support and carrier
system has a corrosive effect for PEG. Melamine
formaldehyde has more flexible conditions than PEG in
terms of relative humidity, temperature and light values.
However, direct sunlight is a damaging factor for both
materials. For timbers conserved by both methods, a
temperature of 18-20 °C and a relative humidity of 45%
to 55% are suitable. Melamine formaldehyde solution
contains formaldehyde, which is extremely harmful to
human health and evaporation of this substance from
wood poses a threat to visitors and museum staff.
Proper ventilation should be provided and necessary
measures should be planned. It is also possible to prefer
to exhibit shipwrecks, which are conserved using only
one chemical in different halls.

If a special museum building is built for the Yenikapi
shipwrecks, it is difficult to predict the area that will be
designated for exhibition of the shipwrecks or whether
the necessary financial resources will be available for
displaying all shipwrecks. However, it is possible to say
that exhibiting all of them together will be challenging
in terms of spatial design due to the number and size
of the shipwrecks. Exhibiting Yenikap1 shipwrecks in
different museums would be a reasonable approach to
disseminate knowledge and interest in the public.

76 HOFFMANN-WITKOPPER 1999



YK12, goévdesinin yaklagik %70’  korunmus,
doneminin yapim teknolojisinin pek c¢ok detayini
yansitan, restitiisyon ve rekonstriiksiyonu calisiimig
bir batiktir. Tam 6lcekli ylizebilen replikasi yapilmistir.
U Yenikap1 Batiklar1 Projesi kapsaminda restitiisyonu
caligtlmakta olan, yapim teknolojisi ve korunmus olan
elemanlar1 bakimindan YK12 ile karsilastirma imkani
yaratan ticaret gemisi YK207’ ve Theodosius limaninda
tamamen farkli bir gérev i¢in bulunan YK16 kadirgasi™
ile birlikte sergilenmesi limanin ve buradaki arkeolojik
caligmalarin kapsaminin anlatilmasi agisindan benzersiz
bir drnek teskil edecektir (Fig. 14).

Batik iginden ¢ikan buluntularin batik yakininda
vitrinlerde sergilenmesi, yiikii ve buluntularinin orijinali
ya da imitasyonlarinin batigin i¢cinde sergilenmesi; batik
ile ilgili modellerin sergileri; ¢ikarilan ahsap civiler gibi
yeniden kurulumda kullanilamayan batiga ait pargalarin
sergileri; batigin tarihsel gecmisi, kesfi, kazi ¢aligmalari
ve konservasyon hikayeleri; rekonstriiksiyon ¢izimleri;
hologramlarla gemi icindeki hayatin ya da seyir
macerast canlandirmalar gibi sergiyi destekleyen
etkileyici ¢aligmalar bulunmaktadir.”

YK12’nin sergisi sirasinda mekdmin durumuna ve
mali imkanlara gore benzeri tasarimlarin gelistirilmesi
beklenmektedir.

77 GULER 2017
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YK12

9th-century merchantman
Estimated length 9.24m

YK20

Eﬁ_

YK16
8th/9th-century galley
Estimated length 30m

9th/10th-century merchantman
Estimated length 10.76m
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YK12 is a shipwreck with an approximately 70%
of the hull preserved, reflecting many details of the
shipbuilding technology of its period. Its restitution and
reconstruction have been studied. A full-scale sailing
replica was built. Its exhibition together with the YK20
merchantman’, whose restitution is being studied
within the scope of the IU Yenikap1 Shipwrecks Project,
providing the opportunity to compare it with YKI12
in terms of construction technology and preserved
elements, and the galley YK167, which was in the
Theodosian harbour for a completely different mission,
will set a unique example in terms of describing the
scope of the harbour and the archaeological studies here
(Fig. 14).

There are impressive works supporting the exhibition
such as displaying the finds from the shipwreck near
the shipwreck in showcases, displaying the original
or imitations of the cargo and finds in the shipwreck;
exhibitions of models related to shipwreck; exhibitions
of shipwreck items that cannot be used during reassembly
such as removed treenails; historical background,
discovery, excavation and conservation stories of the
shipwreck; reconstruction drawings; animations of life
or cruise adventure on board with holograms.” During
the exhibition of YKI12, it is expected that similar
designs will be developed according to the condition of
the space and financial possibilities.

77 GULER 2017
78 KOCABAS-OZSAIT KOCABAS 2021
79 COHEN 1999; DE VIVO 2017; HOCKER 2011; RYAN 2020

<LEr

Fig. 14: YK 12, YK20 ve YK 16 nin gérsel birlikteligi. (I. Ozsait Kocabas, C. Sanligencler)
Fig. 14: Visual presentation of YK 12, YK20 and YK 16 together. (I. Ozsait Kocabas, C. Sanligencler)
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Bir batik kalmtisi, kendisi ve yiikleri gibi somut ve
déneminin teknolojisi, el is¢iligi, gelenegi, kiiltiirii gibi
somut olmayan kiiltiir mirasini bizlere bir arada ulastirir,
Bu eserlerin korunmasindaki siirdiiriilebilirlik kavrami
da bu agidan degerlendirilmelidir. Arkeolojik kalntt
kadar, insa edildigi donemini yansittigi ve inceleme
ve arastirmalar sonucu ulagilan bilginin ve ddnem
kiiltiirtiniin, denizcilik tarihi, gemi insa teknikleri, gemi
giivertesindeki yasam, donemin deniz ticareti hakkinda
ulagilan bilgilerin yayinlastirilmasi, genis Kkitlelere
ulastirtlmasi, tanitilmasi da serginin sorumlulugu i¢inde
ele alinmalidir. Bunedenle, batik gévdeleri sergilenirken
aynizamandaulasilanbilginindeziyaretcilere aktariimasi
i¢in yaratici ¢abalar gosterilmeli ve bu sergilerin farkli
sehirlerdeki miizelerde gergeklestirilmesi saglanmalidir.
Bu yaklasimda, gezici sergiler diisiiniilebilecegi gibi,
segilen orijinal batik gruplarmin farkli miizelerin
kalic1 sergisine dahil edilmesi de degerlendirilebilir.
Siiphesiz, Yenikapt Kazilarmim yapildigi alanda
kurulacak olan miize bunlarin ig¢inde en kapsamlisi
olmalidir. Ancak bu miize binasi inga edilene kadar,
konservasyonu bitmis olan batiklarin diger miizelerin
sergilerinde yer almaya baglamasi, depolama sorununu
¢ozecek, emdirme tankinda bekleme siiresini azaltacak;
konservasyon siirecini kisaltarak batik elemanlarinin
korunmasina katki saglayacaktir. iU Yenikap: Batiklar
ekibi, bu konudaki projelerin hazirlanmasi amaciyla
aragtirmalarini siirdiirmektedir.
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A shipwreck delivers us the intangible cultural heritage
such as the technology, handicraft, tradition and
culture of the period that it conveyed to us, as tangible
cultural heritage as itself and its loads. The concept
of sustainability in the preservation of these remains
should also be evaluated in this respect. Publishing,
disseminating and promoting the information and the
culture ofthe period, the history of maritime, shipbuilding
techniques, life on board, and the maritime trade of the
period, as well as the archeological remains, should be
handled within the responsibility of the exhibition. For
this reason, creative efforts should be made to convey
the information obtained to the visitors while exhibiting
the hulls of shipwrecks, and these exhibitions should be
held in museums in different cities. This approach can
also embrace traveling exhibitions as well as including
the selected original shipwreck-groups in the permanent
exhibitions of different museums. Undoubtedly,
the museum to be established in the area where the
Yenikap1 Excavations are carried out should be the
most comprehensive of these museums. However, until
construction of this museum, displaying the shipwrecks,
whose conservation are finished, in the exhibitions of
other museums will eliminate the storage problem and
reduce the waiting time in the impregnation tank; it
will contribute to preservation of the elements of the
shipwrecks by shortening the conservation process. [U
Yenikap1 Shipwrecks team continues their research to
prepare projects on this subject.
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0ZET
1960’li  yillarda ~ Almanya’nn  kuzeybatisinda

kesfedilen Bremen Cog (1380) 2000 yilinda ziyarete
acilmistir. Gemi, proje boyunca katki saglayan birgok
profesyonel sayesinde ¢ikarilmis, yeniden insa edilmis,
konservasyon uygulamasi yapilmis ve sergilenmeye
baglamistir. Miizelerdeki biiyiik 6l¢ekli eserleri 3 boyutlu
olarak izleme kapsaminda Bremerhaven’daki Alman
Denizcilik Miizesi’nde yiiriitiilen bir doktora arastirma
programinin pargasi olan Bremen Cog vaka galigmast,
yeni tekniklerin ve protokollerin denenmesini igeren
ana hedeften ¢ok daha fazlasina doniismiis durumdadir.
Halihazirda gemiyle ilgili bircok yayin bulunmaktadir;
ancak higbirinde yapilan islerle ilgili teknik agidan
ya da konservasyon agisindan yapilan genel bir 6zet
bulunmamaktadir. Teknenin kesfedilmesinin iizerinden
neredeyse 60 yil gectikten sonra hazirlanan bu
makalede teknenin konservasyon tarihgesi ve bu devasa
projenin beraberinde getirdigi giicliikler 6zetlenmeye
calisiimistir. Ug boyutlu deformasyon takibi konusunda
konservasyonla ilgili son arastirma projesinden kisaca
bahsedilecektir.

ABSTRACT

The Bremen Cog (1380) was discovered in Northwest
Germany in the 1960s and presented to the public
in 2000. It has been recovered, reconstructed,
conserved, and displayed thanks to the work and
passion of many professionals involved throughout
the project. As part of a doctoral research project
conducted at the German Maritime Museum in
Bremerhaven on 3D monitoring of large objects in
museums, the primary objective of the Bremen Cog
case study was to test new techniques and protocols,
but it became much more. Many publications on this
ship exist, but none has given an overview of the work
achieved from a technical or conservation point-
of-view. Almost 60 years after the discovery of the
Bremen Cog, this article humbly tries to summarize
the conservation history and the challenges that such
a mammoth project brings with it. The following is a
brief description of this latest research project on 3D
deformation monitoring in conservation.

*Amandine COLSON, Orcid ID: 0000-0001-6350-946X, Arkeolojik Eser Konservatorii, Almanya Bamberg Universitesi Miras Konservasyonu
Boliimii, Miras Konservasyonunda Dijital Teknolojiler Boliimii Doktorant ve Arastirma Gorevlisi

*Amandine COLSON, Orcid ID: 0000-0001-6350-946X, M.A. Conservator of Archaeological Objects PhD Candidate and Research Associate,
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GIRIS

Hangi alanda olursa olsun bazi projeler dncii olarak
goriilebilir. Bu drnekte s6z konusu statiiyii kazandiran
kullanilan iglem degil, daha ¢ok yapilan isin 6lcegidir.
Ikinci Diinya Savasi'ndan sonra polietilen glikol ile
yapilan gesitli denemelerden ¢ok iyi sonuglar alinmigtir;
ancak suya doymus ahsabin korunmasi ¢cok zordur ve
bu dolgu malzemesini kullanarak bir geminin biitiiniine
konservasyon uygulamak cesur bir karar olmustur. Bu tiir
projeler yaninda bir yi1gin lojistik giicliik ve ekibe dahil
olan herkesin yiiksek diizeyde sorumluluk tistlenmesini
gerektirir, bu nedenle de onlarca yil sirer.

Diinya Savas1 sonras1 Avrupa’sinda ve gelisen ekonomi
kosullarinda kitanin her bir kdsesinde yeni ingaat projeleri
ortaya ¢ikmis, sehirler olaganiistii diizeyde biiylimiistiir.
Bu durumdan yararlanan arkeolojide kiiltiire duyulan
ilginin yiiksek olmasi ve finansal durumun uygun olmasi
nedeniyle biiyiik arkeolojik projeler baglatilmigtir. Gemi
arkeolojisinde ve ahsap korunmasinda bu doneme ait
ses getiren birkac kesiften bahsedilebilir: Isve¢’de Vasa
savag gemisinin kesfi (1961), Danimarka’da Skudelev
gemilerinin kazilmasi (1962) ve Almanya’da Bremen
Cog gemisinin kesfi (1962). Bu ii¢ proje benzerlikleri
kadar farkliliklariyla da birbiriyle baglantilidir.

Bremen Cog’un konservasyon Oykiisii yasaminin
30 yihmi bu gemiye ayiwran Per Hoffmann tarafindan
yaptig1 yayilarda halihazirda dort agsamaya boliinmiis
durumdadir. Bumakalede, yazarin doktora aragtirmasinin
bir pargasi olarak gemilerin miizelerde uzun-siireli
korunmasinin getirdigi sorunlar, 6zellikle konservasyon-
sonras1 durumlar ele alinmaktadir.

Asama 1 Asama 2 Asama 3
Phase 1 Phase 2 Phase 3
1962-1965 1972-1979 1980-1999
Cikarma Rekonstriiksiyon Konservasyon
Recovery Reconstruction Conservation
1960 1970 1980 1990
1965 1975 1985 1995
1984 1995
PEG PEG 3000
1962 1972 1981 1993
Kesif Omurganin monte PEG PEG 200
Discovery i 40%

Instation kell

INTRODUCTION

In every field some projects may be viewed as
pioneers. In the present case, it is not the treatment
used that gives this status, but the scale. After the
Second World War, several tests using polyethylene
glycol were conducted, but conserving waterlogged
archaeological wood is exceptionally challenging
and the decision to conserve an entire ship using that
bulking agent was bold. Such a project brings with it
a full range of logistical obstacles and requires a very
high degree of commitment from the professionals
involved over several decades.

Amid a flourishing economy in post-war Europe, new
construction projects appeared on every corner, and
cities expanded tremendously. Archaeology benefitted
from this situation, and large archaeological projects
were initiated, as the interest in cultural heritage was
high and the financial situation favourable. In ship
archaeology and wood conservation, a few sensational
discoveries from this period can be mentioned: the
recovery of Warship Vasa in Sweden (1961), the
excavation of the Skudelev ships in Denmark (1962),
and the discovery of the Bremen Cog in Germany
(1962). These three projects have been compared for
their similarities as well as their differences.

The conservation history of the Bremen Cog was
divided into four phases in the publications of Per
Hoffmann, who dedicated 30 years of his working
life to the ship. Problems associated with long-term
preservation of ships in museums play a central
role in this article, in particular the question of what
happens after conservation, a portion of the doctoral
research of the author.

2000 2010 2020
2005 2015
2000 2014
Agilig zleme
Opening Monitoring
1999
Isleminin
yapilmasi
Treatment
completed

Fig. 1: Kesfinden sergilenmesine kadar gegen siiregte Bremen Cog.

Fig. 1: From discovery to presentation Bremen Cog.
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1. KAZI VE REKONSTRUKSIYON (ASAMA 1 VE 2)

Bremen Cog, Bremen kentinin kuzeyinde Weser
nehrinde 1962 yilinda limanin genigletme calismalari
sirasinda “Europahafen” denilen bélgede tesadiifen
kesfedilmistir.! O zamana dek Kuzey Avrupa’daki
ortagag gemilerinden yazili kaynaklarda bahsedilmekle
birlikte herhangi bir arkeolojik bulguya rastlanmamusti;
bu nedenle yapilan kesif biiyiikk yanki uyandirmigtir?.
Buna bagl olarak Bremen Cog gliniimiizde denizcilik
ve gemi arkeolojisinde dnemli bir rol oynamaya devam
etmektedir’.

Mese agacindan insa edilmis gemi sancak tarafina
yatmig vaziyete ele gecmistir. Batigin ilizerini Orten
sediment tabakasinin  kaldirilmaya baslamasiyla
birlikte, iskele tarafina ait bazi gemi elemanlar: sular
cekildiginde ortaya c¢ikmaktaydi*.Weser nehrindeki
gelgitlerden kaynaklanan su seviyelerindeki degisimler
nedeniyle tekne parcalanmaya baslamisti; bu nedenle
tekneyi sokerek kaldirma karari alind1 ve ii¢ ayr1 kazi
kampanyast diizenlendi: 1) 1962 sonbaharinda dalgig
destekli; 2) 1963 yazinda dalgic destekli; ve 3) 1965
yazinda dalgi¢ ¢ani destekli®. Teknenin ahsaplari, 1963
yilindan Bremerhaven’daki miizeye nakledilene kadar
gecen yaklagik dokuz yillik siirede Bremen’de mantar
onleyici bir kimyasal® ile su tanklarinda tutulmustur.
Josef Bauch tarafindan yapilan dendrokrononoloji
analizlerinde en son aga¢ kesiminin 1378 oldugu
saptanmis olup, geminin tahmini yapim yilinin 1380
oldugu varsayilmistir.” Agacin Bausch tarafindan
saptanan mensei, 2016 yilinda Aoife Daly’nin
yiiriittiigli yeni bir ornekleme g¢aligmasinda yeniden
degerlendirilmigtir.®

Batigin nihai sergilenme yeri konusunda yapilan
uzun tartigmalarin yani sira yedi yillik planlama
sonrasinda, buluntunun sergilenmesi i¢cin Bremen’e
70 km uzaklikta Bremerhaven’da yeni kurulan Alman
Denizcilik Miizesi segilmistir. Ocak 1972 tarihinde
batigin rekonstriiksiyonuna Werner Lahn® ve Hans-
Walter Hoheisel’in gozetiminde baglanmistir.!” Lahn’a
gore yaklasik 45 ton ahsabin bir araya getirilmesi
gerekiyordu'.

1 Avrupada bir liman

2 VON BRANDT 1968; HEINSIUS 1982
3 BELASUS 2017

4 FLIEDNER 1974

5 POHL-WEBER 1982

6 %1 Flurasil: Disodyum hekzafluorosilikat ve ¢inko(II) kloriir, mantar
o6nleyici olarak kullanilan bir fluorin bilesigi, daha net ifade etmek
gerekirse bir florosilikat veya silikofloriir (Unger vd., 2001, pp. 177-178)
7 LIESE - BAUCH 1965; BAUCH vd. 1967; KLEIN 2003

8 DALY 2017; BELASUS vd. 2018
9 Gemi yapimcisi

10 Gemi inga mithendisi

11 LAHN 1985
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1. RECOVERY AND RECONSTRUCTION (PHASE 1 AND 2)

The Bremen Cog was discovered incidentally in the
river Weser, north of Bremen (northwest Germany) in
1962 during the extension of the harbour, the so-called
“Europahafen.”’ Up until that point, descriptions
of medieval ships in northern Europe were known
from written sources, but no archaeological evidence
had been uncovered, which made the discovery a
sensation.? For that reason, the Bremen Cog continues
to play a central role in the story of maritime and ship
archaeology today.?

The wooden ship made of oak was discovered
lying on its starboard side. After the first sand was
excavated, some elements of the port side could be
seen at low tide.* Due to water level fluctuations
caused by the tides in the river Weser, the ship was
beginning to fall apart, and the decision was taken
to dismantle it. Three different excavation campaigns
were conducted: 1) Autumn 1962 supported by
divers; 2) Summer 1963 supported by divers; 3) and
Summer 1965 with help of a diving bell.> The ship
timbers were stored in water tanks in Bremen with a
fungicide® from 1963 until transport to the Museum
in Bremerhaven, almost nine years later.
Dendrochronological analyses run by Josef Bauch
established that the last tree fell in 1378, giving a
hypothetical construction date for the ship in 1380.7
The wood provenance established by Bauch has
been reassessed through a new sampling campaign
conducted in 2016 by Aoife Daly.?

After a long discussion about the final location in
which to exhibit the ship, as well as seven years
of planning, the newly founded German Maritime
Museum in Bremerhaven, about 70 km from Bremen,
was chosen to host the find. In January 1972, the
ship’s reconstruction began under the supervision of
Werner Lahn® and Hans-Walter Hoheisel.'® According
to Lahn, approximately 45 tonnes of wood had to be
put together."

1 European harbour

2 VON BRANDT 1968; HEINSIUS 1982
3 BELASUS 2017

4 FLIEDNER 1974

5 POHL-WEBER 1982

6 1% Flurasil: Disodium hexafluorosilicate and zinc(II) chloride, a
fluorine compound more precisely a fluorosilicate or silicofluoride used
as fungicide (Unger et al., 2001, pp. 177-178).

7 LIESE - BAUCH 1965; BAUCH et al. 1967; KLEIN 2003

8 DALY 2017; BELASUS et al. 2018
9 Boatbuilder

10 Ship building engineer

11 LAHN 1985
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Caligma ekibi bu “Ortagag bulmacasmi” yillarca
bulundugu odada neredeyse %100 bagil nem oranindaki
zorlu calisma kosullar altinda yeniden insa etmistir.
Sualtindaki zayif goriis kosullari nedeniyle pargalar kazi
sirasinda etiketlenmediginden, en zor kismin sancak
tarafinin yapimimin oldugu anlasilmistir. Ote yandan,
ahsaplarin hepsi numaralandirildigindan, iskele tarafi
¢ok daha kolay yapilmustir.'

Batik sekiz yili bulan yogun calismanin ardindan 1979
yilinda konservasyon uygulamasina hazir hale gelmistir.
Geminin rekonstriiksiyon sonrasinda uzunlugu 24
m, genigligi 7 m, karinadan kiipesteye kadar olan
yiiksekligi 4 m, basiistiiniin en yiiksek noktasina kadar
olan yiiksekligi ise 7 metredir."

2. ‘TAM OLCEKLI BIR DENEY’ (ASAMA 3)

Bremen Cog’un konservasyon plan1 Hamburg
Universitesi’nden Ahsap Biyolojisi ve Ahsap Koruma
Enstitiisii baskan1 Walter Liese' ve ¢alisma arkadaslari
Detlef Noack!® ve Hans-Hermann Dietrichs!® olmak
lizere ii¢ profesor tarafindan olusturulmustur. Bremen
Cog’dan alinan 6rneklerle yapilan testlere ve literatiire
dayanarak uzmanlar 20 ila en fazla 30 yil arasinda
tam daldirma ortaminda %60 konsantrasyonda PEG
1000 ile konservasyon islemi yapilmasini tavsiye
etmistir.!” Ancak Per Hoffmann'® 1979 yilinda bu gorevi
iistlendiginde, Kopenhag’daki Danimarkali meslektast
Kirsten Jespersen’in deneyimine dayanarak PEG 1500°e
donmeye karar vermistir."

Konservasyon islemi siirecinde Ornekler alinarak
Hoffmann’in kendi ¢aligmasini “tam oOlcekli deney”
olarak tamimladig1 sekilde islemde ayarlama yapmasi
saglanmistir.?® Batigin etrafina inga edilen paslanmaz
celikten tank 800,000 litre sivi kapasitesine sahipti.!
PEG 1500 ahsabin 6z kismina beklendigi sekilde
niifuz etmediginden, Hoffmann daha diisiik molekiiler
biiytikliige sahip ikinci bir tip PEG veya iki asamali
denilen bir yontem kullanmaya karar vermistir.22

12 LAHN 1985, 32

13 HOFFMANN 2011, 153

14 Profesor Walter Liese (1926- ) ahgap biyologu

15 Profesor Detlef Noack (1931- ) ahsap fizikgisi

16 Profesor Hans-Hermann Dietrichs (1928-1981) ahsap kimyacisi
17 NOACK 1969, 145

18 Ahgap bilimcisi, 1979-2008 yillar1 arasinda Alman Denizcilik Miizesi
Konservasyon Boliimii Bagkan1

19 HOFFMANN 2013, 46; O siralarda Kopenhagda suya doymus
ahsap konservasyon biriminin bagi

20 HOFFMANN 1983; HOFFMANN 1986 a

21 HOHEISEL 1985
22 HOFFMANN 1986 b
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The team reconstructed the “medieval puzzle” under
difficult working conditions: almost 100% relative
humidity in the room over several years. Building the
starboard side turned out to be the most challenging
part, since the pieces were not labelled during
the excavation due to poor visibility conditions
underwater. The port side turned out to be much
easier, since all the timbers were numbered.'?

After almost eight years of intensive work, the ship
was ready for conservation in 1979. It measured
about 24m in length; 7m wide and 4m high from keel
to gunwale, 7 m high to top of the castle-deck after
its reconstruction.'?

2. A'FULL SCALE EXPERIMENT' (PHASE 3)

The conservationplan ofthe Bremen Cogwas designed
by three professors from the University of Hamburg:
Walter Liese', the head of the Institute of Wood
Biology and Wood Preservation, and his colleagues,
Detlef Noack'® and Hans-Hermann Dietrichs.'®
Based on the literature and tests run on samples from
the Bremen Cog, the experts advised a conservation
treatment with PEG 1000 at 60% concentration for
a period of 20 to 30 years in complete immersion.!”
However, when Per Hoffmann'® took his assignment
in 1979, he decided to switch to PEG 1500 based on
the experience of a Danish colleague in Copenhagen,
Kirsten Jespersen.!

Samples were taken throughout the conservation
process, enabling Hoffmann to adjust the treatment;
for this reason, he described his work as a “full scale
experiment”.?® The stainless-steel tank built around
the ship held 800,000 liters of liquid.?' As the PEG
1500 was not penetrating into the wooden core as
expected, Hoffmann decided to use a second type
of PEG with a lower molecular size, or the so-called
two-step treatment.*

12 LAHN 1985, 32

13 HOFFMANN 2011, 153

14 Professor Walter Liese (1926- ) wood biologist

15 Professor Detlef Noack (1931- ) wood physicist

16 Professor Hans-Hermann Dietrichs (1928-1981) wood chemist
17 NOACK 1969, 145

18 Wood scientist, Head of Conservation at the German Maritime
Museum from 1979 to 2008

19 HOFFMANN 2013, 46; At the time, Head of Waterlogged Wood
Conservation Unit in Copenhagen

20 HOFFMANN 1983; HOFFMANN 1986 a

21 HOHEISEL 1985

22 HOFFMANN 1986 b



1985 yazinda c¢ozelti ikinci asamada PEG 200°e
degistirilmistir.®  Su  ¢ozeltisinde %40 PEG
konsantrasyonuna ulastiktan sonra ve yerel su sirketi
ile eski ¢ozeltinin bertaraf edilmesi konusunda iki yil
stiren goriismeler sonrasinda Kasim 1995 tarihinde PEG
3000 ile igiincii asamaya baglanabilmis ve 19 yillik
konservasyon sonrasinda 1999 yilinda Noel tatilinden
kisa bir siire once %70’e ulasilabilmistir (Fig. 2)

Batik iizerindeki kalmti PEG tabakalar1 2000 yil
ilkbaharinda sicak hava tabancasi ve firga kullanilarak
temizlenmis olup, yaklasik alt1 ayda kurutulmustur.

3. SERGILEME: PLANLANMADAN UYGULAMAYA (ASAMA 4)
Sergi plam1 Berlin Universitesi Uygulamali Mekanik ve
Gemi Inga Boliimii miihendisleri tarafindan yapilmistir.2*
Uzmanlarin yani sira halkin da geminin tiim pargalarina
erigiminin saglanmasi temel bir gereklilikti, hi¢bir seyin
genel goriiniimii engellememesi gerekiyordu.”® Bagka
bir deyisle, dncelikle estetik bir sunumunun olmasina ve
batigin sergi alaninda neredeyse “zahmetsiz” duracak
sekilde sergilenmesine verildi.

23 HOFFMANN 2013, 49; HOFFMANN 1986 a
24 HOHEISEL 2003
25 HOHEISEL 1969

1979-1984 Ahsap Analizleri PEG Hoffmann
izlenmesi

1979-1984: Wood analyses PEG Hoffmann

Asama 1: PEG 1500
Stage 1: PEG 1500

Asama 2: PEG 200
Stage 2: PEG 200
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In summer 1985, the solution was switched to
PEG 200 for stage 2.* After reaching 40% PEG
concentration in the water solution and after two
years of discussion with the local water company
about disposing the old solution, stage 3 was able to
begin in November 1995 with PEG 3000 and reached
70% shortly before Christmas in 1999, after 19 years
of conservation (Fig. 2).

The ship was cleaned from her remaining PEG
shell over the spring of 2000, and the surface was
smoothened using a heat gun and some brushes, then
dried for about six months.

3. EXHIBITION: FROM PLANNING TO REALITY (PHASE 4)

The exhibition was planned by engineers from
Applied Mechanics and Naval Architecture in Berlin
University.* A primary requirement of the project
was public access to all the ship’s parts, including
access for the specialists; nothing was to obstruct
global access.” In other words, priority was given to
the aesthetic aspects, presentation and display. The
ship was meant to stand almost “effortlessly” in the
exhibition.

23 HOFFMANN 2013, 49; HOFFMANN 1986 a
24 HOHEISEL 2003
25 HOHEISEL 1969
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Sunum tasarimi bile “teknenin ana yiikii yukaridan
tutulacak ve ilerideki sergi binasmim gatisindan
destek alacak sekilde bir tiir asma yap1” seklinde
tanimlanmisti.?

Govdenin etrafinda bagka herhangi bir ek unsur
olmasinin Oniine gegmek igin i¢ kaplamanin yani sira
omurganin altina da bir dizi destek konmugtur. Agirlik
dagilimi hesaplanmis olup, ilgili tablo ve hesaplama
ayrintilart  Hoheisel’in 1969  yilindaki yayminda
bulunabilir. Iki adet uzunlamasina ve sekiz adet capraz
destek uygulamasi geminin seklini korumak amacryla
tasarlanmis olup, tekneyi konservasyon sirasinda, daha
sonra da kuruma siireci ve sonrasinda desteklemek
amaciyla bir i¢ takviye olusturmustur.?’ (Fig. 3-4)
Mayis 2000 tarihinde yapilan agilig téreninde Bremen
Cog’u halka tamitmak i¢in Bremen siyasetcileri
ve Almanya Federal Cumbhuriyeti temsilcileri bir
araya gelmistir. Ne yazik ki sadece bir yil sonra
gozlemlenen ilk deformasyonlar konservator ve miize
yonetim  kurulunu endiselendirmeye baslamistir.?
Asili sergileme sisteminin yeterli olmadigi ortaya
ciktigindan, Danimarka ve Alman Denizcilik
Miizesi’nden uzmanlardan olusan bilimsel bir komite
olusturulmustur.?

Proje, herkesin durumun ciddiyetini anlamasinin farkina
vardigim gosterecek sekilde “diizeltme, stabilizasyon
ve sergileme” olarak adlandirilmistir. Hoffmann ii¢
secenekten bahsetmistir: 1) batigin Werner Lahn’in
rekonstriiksiyon planina uygun olarak sokiilmesi ve
yeniden monte edilmesi;

26 FLIEDNER 1974, 79
27 HOHEISEL 1969, 171
28 HOFFMANN 2011

29 HOFFMANN 2010

The presentation design was even described as “a
kind of suspended construction by which the main
load of the cog is to be held from above and which is
to be supported from the roof of the future exhibition
building”.*

A series of supports were fixed to the ceiling and under
the keel to avoid having any additional elements around
the hull. The weight distribution was calculated. The
corresponding tables and detailed calculations can
be found in Hoheisel’s publication from 1969. The
implementation of two longitudinal steel supports and
eight crosswise supports was designed to maintain the
shape of the ship, with an inner brace for support during
conservation and later during the drying process and
beyond.”” (Fig. 3 and Fig. 4)

In May 2000, politicians from Bremen and
representatives of the German Federal State presented
the Bremen Cog to the public during the opening
ceremony. Unfortunately, only one year later the first
deformations were observed, and the conservator
and the museum board became concerned.”® When
the suspended exhibition system turned out to be
inadequate, a scientific committee was put together
with experts from Denmark and the German Maritime
Museum.”

This project phase was entitled, “Correction,
stabilisation, and presentation,” showing how
aware everyone was of the severity of the situation.
Hoffmann mentioned three options: 1) disassemble
and reassemble the ship according the reconstruction

26 FLIEDNER 1974, 79
27 HOHEISEL 1969, 171
28 HOFFMANN 2011
29 HOFFMANN 2010

Fig. 3: Batigin i¢indeki metal destek (Alman Denizcilik
Miizesi arsivi, Bremerhaven).

Fig. 3: Metal support inside the ship (Archive German
Maritime Museum, Bremerhaven).
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Fig. 4: Metal destegi ile Bremen Cog’un yukaridan goriintiisii
(Alman Denizcilik Miizesi arsivi, Bremerhaven).

Fig. 4: Bremen Cog from above with her metal support
(Archive German Maritime Museum, Bremerhaven).



2) deforme olan goévdenin Lahn’in planma gore
diizeltilmesi ve tekneye metal bir destek saplayarak
biitiiniinii sabitleyebilmek igin tabana baglanmasi; 3)
oldugu gibi stabil hale getirilmesi.

Bu kadar hassas bir konuda karar almak cesaret
gerektirmekteydi ki Hoffmann ve arkadaglarmin
karsilastigt etik ikilem yaymlarinda agik¢a ifade
edilmistir. Bununla birlikte, nihayetinde 2006 yilinda
danmigma kurulu ve miize yonetim kurulu 2. secenek
tizerinde uzlagmaya varmigtir.>

Subat 2017°de 100 noktaya yapilan baglantilarla 30
metal destek kullanarak govdede “diizeltmeler” yapilmig
olup, Hoffmann’m bildirdigine gore ahsap “orijinal”
konumuna getirilmistir. Ekim 2008 tarihinde batigin
altindaki tabanin seviyesini yiikseltmek amaciyla beton
dokiilmiis olup, batigin i¢inden orijinal celik destegin
yami sira i¢ kaplamalar sokiilmiistiir.*! Ayni ay icerisinde
Per Hoffmann’in emekliye ayrilmasiyla birlikte geride
yarida kalmis bir konsept kalmistir.

4. UZUN-SURELI KORUMA

Zaman gectikge ve Hoffmann isten ayrildigindan beri
Bremen Cog artik Alman Denizcilik Miizesi’nin ilgi
alanindan ¢ikti. Beton zemin nedeniyle gévdeye erigim
cok kisitli hale gelmisti ve ahsap elemanlarin ¢ogu sergi
salonunda desteksiz tutuluyordu.

Kasim 2013’de Arkeoloji, Konservasyon, Miize
Tasarimi, Miras Koruma ve Konservasyon Bilimi gibi
cesitli alanlardan uzmanlarin katilimiyla bir bilimsel
komite toplantis1 yapilmistir. Yeni bir destege gerek
duyulduguna siiphe yoktu, ancak batigin mevcut
durumuyla ilgili daha fazla bilgi toplanmasi gerektigi
konusunda tartigmalar yapildi. Komite gemiyi oldugu
sekliyle stabil hale getirerek mevcut seklinin etrafinda
diizenlemeler yapmayi igeren 3. segenegi tercih etme
egilimindeydi.*?

Bu tartigmalar birkag ay ile birkag yil arasinda degisen
bir zaman araliginda gozlerin batigin {izerinde olmasini
ve yeni bir destek sistemi tasarlanmasi igin bilgi
toplanmasini  saglayacak bir deformasyon izleme
sistemi olusturma konusunda fikir vermistir.

30 HOFFMANN 2011
31 HOFFMANN 2011
32 Toplantiya sahsen katilan yazarin notlar
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plan of Werner Lahn; 2) correct the deformed hull
according to Lahn’s plan and insert a metal support
inside the ship, then anchor it to the floor in order
stabilize the whole; 3) stabilize it as is.

Making a decision on such a delicate matter demands
courage, and the ethical dilemma faced by Hoffmann
and his colleagues is clearly stated in his publications.
Nevertheless, option 2 was finally agreed upon in
2006 by the advisory panel and the museum board.*
In February 2017, the hull “corrections” were
implemented with 30 metal supports connected to
100 points. The wood was in its “original” position
after a few days, reports Hoffmann. In October 2008,
concrete was poured to raise the floor level under
the ship. The inner planking and the original steel
support were removed from inside the ship.’' That
same month, Per Hoffmann retired and left behind a
concept yet to be fully implemented.

4. LONG-TERM PRESERVATION

Time passed, and since Hoffmann was gone, the
Bremen Cog was no longer a central concern of the
German Maritime Museum. Access to the hull was
very limited due to the concrete floor and the fact
that a lot of the wooden elements were stored in the
exhibition hall without support.

In November 2013, a scientific committee meeting

was organized with experts from several fields:
Archaeology, Conservation, Museum Design,
Heritage Protection, and Conservation Science. The
necessity of a new support was indisputable, but the
need to collect more information on the ship’s current
state in debate. The committee was leaning toward
option 3: to stabilize the ship as she was and work
around the current shape.??
These discussions led to the first concept of a
deformation monitoring system to keep an eye on the
ship over time (several months to several years) in
order to collect more information for designing a new
support system.

30 HOFFMANN 2011
31 HOFFMANN 2011
32 Notes from the author, who participated personally in the meeting
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Aslina bakilirsa, Bremen Cog diinyada sergilenen
tek arkeolojik ahsap tekne degildi. Bununla birlikte,
sergilenen gemilerin sorunlar1 siradan degildir. Ahsap
bir gemi kuru havuzda deforme olma egilimindedir ve
alt1 aydan fazla sudan uzak tutulamaz *, zaten miizelere
arkeolojik gemiler yerlestirirken yapilan da budur.
Bir konservasyon uzmaninin gdzetiminin ve ilgisinin
gerekliligi inkar edilemez. Ancak bir miizede, tamamen
sadece bir esere bir konservatoriin tahsis edilmesi de
gergekei bir durum degildir.

5. BREMEN COG'UN 3 BOYUTLU TAKIBI

Makale yazari “Bremen Cog” vaka calismasi
koordinatorii olarak 2014 -2015 yillar1 arasinda
European Cost Action “Colour and Space in Cultural
Heritage (COSCH)” programina katilm yoluyla
deformasyon takip sisteminin fizibilitesi ve gerekliligi
konusunda bir 6n ¢alisma yapmustir.** Projenin bilimsel
Onemini anlayan miize yonetim kurulu, 2015 yilinin
sonbahar1 sonlarinda ii¢ yillik bir arastirma bursu
verecegini ilan etmigtir. Olagan ise alma siiregleri
sonucunda makale yazar1 se¢ilmis ve projeye Mart 2016
tarihinde baglanmustir.

Bu makale hazirlandigi sirada miizelerdeki ahsap
gemilerin deformasyon takibiyle ilgilenen sadece
birkag girisim vardi: Vasa Miizesi (Stokholm, Isvec);
Viking Gemileri Miizesi, Kiiltiirel Tarih Miizesi
biinyesinde (Oslo Universitesi, Norveg); Mary Rose
Miizesi (Portsmouth, ingiltere); Arles-Rhone 3, Arles-
Antik Miizesi (Arles, Fransa); Newport Ortagag Gemisi
(Newport, Galler); ve Bremen Cog. Miize yonetimlerinin
dogrudan ise aldig1 veya arastirma projelerinin parcasi
olarak bu projelerde yer alan profesyonellerin hepsi
“Korunan Gemilerin Izlenmesi (MoPS)” adinda bir
Avrupa Calisma Grubu kurarak giiglerini birlestirmistir.
Haziran 2017 tarihinde makale yazarinin diizenledigi
Alman Denizcilik Miizesi’ndeki ilk toplanti sirasinda
fon saglanmis olup, o tarihten beri yazar tarafindan
koordine edilmektedir.*®

33 Pat Tanner ile sahsi gortismeler

34 www.cosch.info - Mithendisler ile miize profesyonelleri arasinda ag

olusturma eylemi
35 COLSON vd. 2019 b
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The Bremen Cog is not the only archaeological
wooden ship on display in the world. Nonetheless, the
problem of ships on display is not trivial. A wooden
ship will tend to deform in a dry dock and cannot be
kept more than six months out of water®® and yet this
is what is done in putting an archaeological ship in
a museum. The need for supervision and care from
a conservation professional is hardly deniable. But
having a conservator entirely dedicated to only one
artifact in a museum is not realistic either.

5. 3D MONITORING OF THE BREMEN (C0G

A preliminary study on the feasibility and need for
a deformation monitoring system was conducted
by the author between 2014 and 2015 through her
participation in the European Cost Action,“Colour
and Space in Cultural Heritage (COSCH),”* as
coordinator for the case study: “Bremen Cog”.
The museum’s board of directors saw the scientific
relevance of the project, and a three-year research
fellowship was announced in late autumn 2015. After
a regular recruiting process, the author was selected
and began the project in March 2016.

During the writing of this article, only a few initiatives
were in existence that dealt with deformation
monitoring of wooden ships in museums: the Vasa
Museum (Stockholm, Sweden); the Viking ships
Museum, part of the Museum of Cultural History
(Oslo University, Norway); the Mary Rose Museum
(Portsmouth, England); Arles-Rhone 3, Arles-
Antique Museum (Arles, France); the Newport
Medieval Ship (Newport, Wales); and the Bremen
Cog. All professionals involved in these projects,
either employed directly in museum institutions or
part of research projects, joined forces through a
European working group: “Monitoring of Preserved
Ships” (MoPS). In June 2017, the group was funded
during the first meeting at the German Maritime
Museum organized by the author and since then
coordinated by her.*

33 Personal discussions with Pat Tanner

34 www.cosch.info — Networking action between engineers and

museum professionals
35 COLSON etal. 2019 b



Bremen Cog vaka caligmasmin amaci geminin sekli
konusunda 1 mm hassasiyetle geometrik bilgi saglamak
amactyla verilerin yilda en az iki kez toplanacagi
bir deformasyon takip sistemine yonelik 3 boyutlu
teknolojilerin uygulanmasiydi.

Enstitii Miidiirii Profes6r Thomas Luhmann ve meslektasi
Heidi Hastedt’in katkilartyla Alman Denizcilik Miizesi
ile Uygulamali Fotogrametri ve Cografi Bilgi Enstitiisti
(TAPG) arasinda bir ortaklik olusturuldu.*

Bremen Cog’un geometrisi kesfedildiginden bu
yana bircok kez c¢ikartilmigtir. Aragtirmalarin farkh
amagclari, farkli yaklasimlar vardi ve farkl teknolojiler
kullaniliyordu (arastirma kampanyalarinin kronolojisi
Tablo 1’de goriilebilir).
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The aim of the Bremen Cog case study was to
implement 3D technologies for a deformation
monitoring system in which data would be collected at
least twice a year to provide geometrical information
on the ship’s shape, ideally with a precision of 1 mm.
A partnership was made between the German
Maritime Museum and the Institute of Applied
Photogrammetry and Geoinformation (IAPG),*
with the help of the Professor Thomas Luhmann (the
institute’s director) and his colleague Heidi Hastedt.

The geometry of the Bremen Cog has been acquired
many times since she was discovered. The surveys
had different goals, different approaches, and were
using different technologies (see the chronology of
survey campaigns in Table 1).

Tarih | Teknoloji Bilgi edinme sekli

1981 Fotogrametri (analog) dokiimantasyon Date Technology Type of acquisition

2003 Fotogrametri (dijital) veri karsilagtirma 1981 Photogrammetry (analogue) documentation

2009 Lazer tarama planlama destegi 2003 Photogrammetry (digital) data comparison

2014 Hareket ile Nesne Olusturma 1 izleme 2009 Laser scanning planning support

2014 Lazer tarama izleme 2014 Structure-from-Motion 1 monitoring

2015 Hareket ile Nesne Olusturma 2 izleme 2014 Laser scanning monitoring

2015 Jeodimetri Theodolite 1 izleme 2015 Structure-from-Motion 2 monitoring

2016 Hareket ile Nesne Olusturma 3 izleme 2015 Total station Theodolite 1 monitoring

2016 Jeodimetri Theodolite 2 izleme 2016 Structure-from-Motion 3 monitoring

2016 Jeodimetri Theodolite 3 izleme 2016 Total station Theodolite 2 monitoring

2017 Lazerle takip izleme 2016 Total station Theodolite 3 monitoring

2017 Fotogrametri 1 izleme 2017 Laser tracking monitoring

2017 Fotogrametri 2 izleme 2017 Photogrammetry 1 monitoring

2017 Fotogrametri 3 izleme 2017 Photogrammetry 2 monitoring

2017 Fotogrametri 4 izleme 2017 Photogrammetry 3 monitoring

2018 Fotogrametri 5 izleme 2017 Photogrammetry 4 monitoring

2018 Lazerle takip 2 izleme 2018 Photogrammetry 5 monitoring
Tablo 1 Arastirma kampanyalarinin kronolojisi 2018 Laser tracking 2 monitoring

Konservasyon sonrasinda deformasyonlar olustugunda
degerlendirme ¢abalarmin bir pargasi olarak 1980
yilinda elde edilen verilerle o siradaki durum arasinda
bir karsilastirma yapilmasi istenmistir. 2003 yilinda
Hannover Universitesi bir fotogrametrik arastirma
gergeklestirmis olup, elde edilen sonuglar teknenin bel
verdigini, sancak tarafina yattigin1 ve 25 cm’ye varan
degisikliklerle yatay bir eksen iizerinde burkuldugunu
ortaya koymustur.”’

36 Uygulamali Bilim Universitesi, Oldenburg
37 WIGGENHAGEN vd. 2004, 56

Table 1 Chronology of survey campaigns

When the deformations occurred after conservation,
a comparison of the data from the 1980s and the
current situation was commissioned as part of
the assessment effort. In 2003, the University of
Hannover conducted a photogrammetrical survey,
and the results indicated that the ship was sagging,
falling towards her starboard side and twisting on a
horizontal axis with changes up to 25 cm.?*’

36 University of Applied Science, Oldenburg
37 WIGGENHAGEN et al. 2004, 56
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Deformasyon takip sisteminin yazarm koordinasyonuyla
tasarlanmaya baglanmasi ancak 2014 yilin1 bulmustur.
Avrupa Maliyet Eylemi (yukariya bakiniz) ile isbirligi
icerisinde bir On ¢alisma yapilmis olup, c¢esitli
teknolojiler denenmistir. Bu siire zarfinda Bremen Cog
lizerinde Hareket ile Nesne Olusturma (SfM), Total
Station teodolit ve karasal lazer tarama yontemleri
uygulanmstir. Elde edilen her bilgiye ait ayrmntili bir
aciklama Cost Action’innihai yayininda bulunabilir.** Bu
biiyiikliikte bir nesne ve arzu edilen kesinlik s6z konusu
oldugunda veri edinme seklinde yasanan giicliiklere
uyum saglamak kolay degildi. Toplanan tiim bulgulart
ve verileri degerlendirebilmek i¢in IAPG, deformasyon
takip sisteminin tasarimi konusunda &6zel Onerilerde
bulunmak amaciyla kapsamli bir rapor hazirlamistir.>
2017 ve 2018 yillarinda Jurij Schmik’in yiiksek lisans
tezi nedeniyle daha fazla sayida test yapilmigtir.*°
Deformasyon protokoliinii jeodezi ve fotogrametri
acisindan bir yandan Heidi Hastedt ve Thomas
Luhmann, diger yandan konservasyon gereklilikleri
agisindan yazar hazirlamistir. Teknik ve teknolojik
olasiliklar konservasyon etiginin yani sira Alman
Denizcilik Miizesi’nin personel ve mali durumuna da
uygun olmak zorundaydi. Bu nedenle gelistirilen ¢6ziim
bu spesifik 6rnege cok dzeldir.

Giinlimiizde uygulanan takip sisteminde sunlar yer
almaktadir: 1) 22 kontrol noktasi; iic boyutlu gozle
gorlinmeyen bir kutu monte edilerek binada sabit
durumdadir ve dis zemin kontrol ag1 saglar; 2) geminin
tizerinde 120 yansitict hedef; bugday nisastastyla Japon
kagidi tzerine yapistirilmistir; 3) 450 kodlu baglanti
noktast; bilgi edinmeyi desteklemek ve veri islemi
giivenceye almak i¢in yazilima aktarilir. Egitimli biri
tarafindan 2-3 saatte bilgi edinme saglanabilir.*!
Binanin ve miizenin dogrudan kiyida olmasi ve gelgit
hareketlerinin etkisi nedeniyle 1 mm’lik asil hedefe
ragmen oOlgiilen her bir noktada 2 mm’lik bir dogruluk
garanti edilebilmisir.

38 COLSON - TAMAS 2017

39 HASTEDT - LUHMANN 2018

40 SCHMIK vd. 2018

41 HASTEDT vd. 2019; COLSON vd. 2019 a
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It was only in 2014 that a deformation monitoring
system began to be designed under the supervision
of the author. A preliminary study was conducted
in conjunction with the European Cost Action
(see above) and various types of technology were
tested. During that period, structure-from-motion
(SftM), total station theodolite, and terrestrial laser
scanning were utilized on the Bremen Cog. A detailed
description of every acquisition can be found in the
final publication from the Cost Action.*® Considering
the size of the object and the precision required,
meeting the challenges of data acquisition was not
trivial. In order to evaluate all the results and data
gathered, an extensive report was made by the IAPG
to prepare specific recommendations on the design
of the deformation monitoring system.** In 2017 and
2018, more tests were run as part of the masters thesis
research of Jurij Schmik.*°

Heidi Hastedt and Thomas Luhmann designed
one part of deformation protocol, specifically the
geodesy and photogrammetry aspects, while the
author designed the conservation requirements. The
technical and technological aspects had to comply
with the conservation ethics as well as the personnel
and financial resources of the German Maritime
Museum. The solution as it was developed is therefore
very singular to this specific case.

Today the monitoring includes: 1) 22 control points
that are fixed in the building to establish a three-
dimensional invisible box that makes it possible
for an external ground control network; 2) 120
reflective targets on the ship glued on Japanese paper
with wheat paste adhesive; 3) 450 coded tie points
recognized by the software to support the acquisition
of data and secure its processing. Using this system,
an acquisition conducted by a trained non-survey
staff member can be achieved in 2-3 hours.*

Due to the museum’s location directly on the shore
and the influence of tidal movements, an accuracy of
only 2mm on each measured point can be guaranteed,
despite the original goal of 1mm.

38 COLSON - TAMAS 2017

39 HASTEDT - LUHMANN 2018

40 SCHMIK et al. 2018

41 HASTEDT et al. 2019; COLSON et al. 2019 a



SONUC
Bremen Cog’un konservasyon hikayesi heniiz
bitmemistir. Ug boyutlu takiple ilgili arastirma projesi
Haziran 2019’da tamamlanmistir. Bu makale yazildig1
strada miize, Oldenburg Uygulamali Bilim Universitesi
Uygulamali Fotogrametri ve Cografi Bilgi Enstitiisii
ile birlikte ileride yapacaklari ¢aligmalar1 garanti altina
almak amaciyla bir isbirligi sozlesmesi imzaliyordu.
Takipten elde edilen verileri dikkate alarak halen
yeni destek sisteminin planlanmasinin  yapilmasi
gerekmektedir. Bremen Cog 2008 yilindan bu yana, i¢
kaplamalar1 sokiilmiis bir sekilde orijinal destegi ve
yeni bir destek olmadan durmaktadir.

Bu katkinin amaci asla batig1 korumak i¢in uzun yillar
calisan meslektaglar elestirmek degildir. Amag sert bir
hiikiimde bulunmak degil, ancak herseyi dikkate almak
icin gerekli mesafeyi korumak ve batigin hala yeterince
korunamamasinin nedenini anlamaya ¢alismaktir.

Ug boyutlu teknolojilerin ancak miizede bu teknolojiyi
uygulayacak ve devamliligini saglayacak gerekli altyap1
ve personelin bulunmasi durumunda gergekten yenilikgi
bir potansiyeli olan 6nleyici konservasyon baglaminda
cok faydali bir ara¢ oldugu anlagilmistir. Su ana kadar
tic boyutlu teknolojiler konservasyon siirecinin ya da
Onleyici konservasyon siirecinin standart is akisina
dahil edilmemistir.

Arkeolojik bir tekneyi “kuru havuz” durumunda
sergilemek oldukga gii¢ bir istir. Bazen heves ve tutku
tim engellerin asilabilecegini diigiinmemize neden
olur. Ancak Avrupa ve Otesinde kiiltiiriin topluma daha
yakin olmak i¢in kendini yeniden icat etmesi gereken
yerlerde biitcelerdeki kesintiler baglaminda bir batiga
milyonlarca avro harcamayi hakli gdstermek zor olabilir.
Sahadaki profesyonellerin gorevi, amaglar1 konusunda
cok daha seffaf hale gelerek yapici onerilerde bulunmak
olmalidir.
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CONCLUSION

The conservation history of the Bremen Cog is far
from being completed. The research project on 3D
monitoring ended in June 2019. At the time this
article is being written, the Museum and the Institute
of Applied Photogrammetry and Geoinformation,
University of Applied Science in Oldenburg are
signing a cooperation contract to ensure future
monitoring campaigns. The new support system
still has to be planned and take into account the
data collected from the monitoring. Since 2008,
the Bremen Cog stands without the original support
structure, which was dismantled together with the
inner planking, and without a new support.

This contribution is by no means intended to criticize
colleagues who spent a lifetime working to preserve
the ship. The goal is rather to take the necessary
distance to put everything into perspective and to
try to understand why the ship is still not adequately
preserved.

3D technologies have turned out to be a very useful
tool in the context of preventive conservation,
with real innovative potential if a museum has the
infrastructure and the personnel to implement and
maintain it. So far, 3D technologies have not been
included in the standard workflow of conservation,
nor in preventive conservation.

Exhibiting an archaeological vessel in a “drydock”
situation is very challenging. Sometimes enthusiasm
and passion make us think that all obstacles are
manageable. But in the context of reduced budgets in
Europe and elsewhere, where culture has to reinvent
itself to be accessible to the public, spending millions
of euros on a ship can be difficult to justify.

It is the role of professionals in the field to become
even more transparent about their goals and come up
with constructive proposals.
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TESEKKURLER

Yazar arastirmalarini destekledigi igin Alman Denizcilik
Miizesi’ne; Bamberg Universitesi’ne, dzellikle doktora
tezinin danigmanhigl i¢in Konservasyon Mirasi’nda
Dijital Teknolojiler bdliim bagkani Prosefér Mona
Hess’e; Jeodezi ve Cografi Bilgi konusundaki temel
kavramlar1 agiklarken gosterdigi sabir ve tavsiyeleri
icin Profesor Thomas Luhmann ve Heidi Hastedt’e;
3 boyutlu takip konusundaki calismasini paylastig
icin David Hauer’e (Viking Gemisi Miizesi, Oslo
Universitesi); destegi ve ilgisi icin Profesér Eleanor
Schofield’e (Mary Rose Vakfi), ayrica yol boyunca
gosterdikleri ilgi ve yardim igin tiim meslektaslarina
tesekkiirii borg bilir.
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OZET

“Nanhai I”” batigi, biiyiik bir arkeoloji ve tarih degeri
olan Cin Giiney Song Hanedanligi’na (MS 1127-1279)
tarihlenebilir. Sun Yat-sen Universitesi Arkeometri
Laboratuvarindaki arastirma grubumuz 2010 yilindan
bu yana bir dizi deney yoluyla batigin konservasyon ve
arkeolojik c¢aligmalarinda yer almistir. Bu makalede,
farkli depozitlerinin analizi ve olusum mekanizmasi,
farkli kalker sorunlarinda yumusatma i¢in kullanilacak

ABSTRACT

The “Nanhai I” shipwreck can be dated back to the
China Southern Song Dynasty (1127-1279 AD), whi-
ch is an important period for archaeology and history.
Since 2010, our research group in the Archaecometry
Lab of Sun Yat-sen University has participated in the
conservation and archaeological study of the shipw-
reck through a series of experiments. This paper sum-
marizes our work on the analysis of different types

yeni fiziksel yontemlerin tasarimi ve batiktan ¢ikarilan
bazi canak ¢Omleklerin menseini bilimsel olarak
tanimlama ¢alismalarimiz 6zetlenmistir. Nanhai [
batig1 {izerindeki ¢alismamiz sadece bir baslangigtir
ve Nanhai | batiginin daha iyi korunmasi ve arkeolojisi
icin diinyanin farkli bolgelerinden ve farkl alanlardan
uzmanlar1 birlikte ¢aligmaya davet ediyoruz.

of concretion and their formation mechanisms, the
design of new physical methods to soften different
types of concretion, and the scientific identification
of the provenance of some ceramic samples from the
shipwreck. Our work on the Nanhai I shipwreck is
just a beginning, and we welcome experts from diffe-
rent fields and different areas of world to come work
together to improve the conservation and archaeo-
logy of the Nanhai I shipwreck.
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1 GIRIS

Cin’in Guangdong Eyaleti Yangjiang Sehri Dongping
limanimin yaklagik 20 deniz mili giineyinde bulunan
(Fig. 1) “Nanhai I” batigi, Giiney Cin Song
Hanedanligi'na (MS 1127-1279) tarihlenebilir.
1987°de kesfedilen batik 2007 yilinda biitlinliigi
bozulmadan ¢ikarilmistir. Yapilan 6n tahminlere gore
batik, ¢ogu ¢anak ¢omlek olmak iizere alt1 bin adedin
tizerinde kargo i¢eriyordu.! Goriinlise gore, bu ¢canak
¢omlekler deniz ticareti de dahil olmak iizere antik Cin
canak ¢omleklerinin tarihini incelemek acisindan iyi
malzeme sunuyordu. Bununla birlikte, deniz suyunun
ve sedimantasyonun uzun siireli etkisi nedeniyle,
canak c¢omlekler biiyiik 6l¢iide agmmmisti ve deniz
dibi ¢okeltileri, kabuklu deniz hayvanlar1 ve baska
maddeler gibi farkli tipte kabuklarla kaplanmisti.
Depozitlerin varligi, bu canak ¢omleklerin sadece
zarif ve giizel gorliniimiinii 6rtmekle kalmamais, ayni
zamanda bunlarin derinlemesine aragtirilmasini ve
korunmasini da engellemistir. Bu nedenle, “Nanhai
I” batigindaki ¢anak c¢omleklerden kabuklanmanin
uzaklastirilmasi1 konservatorler agisindan 6nemli bir
gorevdi.

1 ZHANG 2007

TINA

1 INTRODUCTION

Located about 20 nautical miles to the south of Don-
gping port, Yangjiang City, Guangdong Province,
China (Fig. 1), the “Nanhai I” shipwreck can be
dated back to the Southern Song Dynasty of China
(1127-1279 AD). It was discovered in 1987 and then
rescued integrally in 2007. According to a prelimi-
nary estimation, this shipwreck contained more than
six thousand pieces of cargo, and most of them were
ceramics.'These ceramics are good samples for stud-
ying the history of Chinese ancient ceramics, inclu-
ding their maritime trade patterns. However, due to
the long-term impact of sea water and sedimentati-
on, the ceramics have been greatly corroded and are
covered by different types of concretion, including
seabed sediment, shellfish, and other substances. The
presence of concretion not only obscures the elegant
and fine appearance of these ceramics, but also ham-
pers more detailed research and conservation. There-
fore, removing concretion from the ceramics of the
“Nanhai I” shipwreck is an important task for the
conservators.

1 ZHANG 2007

Yang Jiang

Dongping
Port

"\ Hailing . /

| P Cj
(S /

About 20 nautical miles Eltg'vla: Nalnhalil
- atiginin j€o10j1
to the south of Dongping Port EIMIJE0te)
= & K konumu.
____!__ L Fig. 1a: Geological
10 km - — location of “Nanhai I”
e shipwreck.
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Fig. 1b: “Nanhai I” batiginin 2017 kazis1 sirasindaki diisey gortiniimii.

Fig. 1b: Vertical view of the “Nanhai I” shipwreck during its excavation in 2017.

1970’lerin  baglarinda, Macleod,> North &
Pearson,® North,* Oddy® ve Rees&Jones® gibi pek
cok arastirmaci kendini antik gemi batiklarin1 ve
yiiklerinin konservasyonuna adamisti. 1980’lere
gelindiginde, Cin’deki ¢ok sayida antik gemi batiginin
kesfedilmesiyle ve kazilmasiyla birlikte, giderek daha
fazla Cinli bilim insani, batiklardan ele gegirilen antik
eserlerin konservasyon calismalarina basladi. Yang
ve Tian,” Nan’ao I batigindaki kahverengi eserlerin
korozyonunu analiz etmek i¢in X-1511 floresansi
(XRF), X-15m1 difraktometresi (XRD) ve enerji
dagitict  spektroskopi (SEM-EDS) ile donatilmig
taramali elektron mikroskobu kullanarak korozyon
iiriinlerinin esas olarak bakir kloriir oldugunu ve
az miktarda bakir siilfiir icerdigini saptamistir. Liu,
Zhang, Li ve Ma® Nanhai I batigi, Nan’ao I batigi
ve Huaguangjiao 1 batig1 dahil olmak {iizere {i¢
batiktan elde edilen demir eserlerdeki depozitleri
analiz etmistir. XRF, XRD ve SEM-EDS kullanarak,
Huaguangjiao I ve Nan’ao I batigindaki kabuklarin
cogunlukla demir ve kalsiyum igerdigini, Nanhai I
batigindaki depozitlerinin ise kalsiyum ve silisyum
icerdigini saptamistir. Bunlara ek olarak, Bao, Jia,
Fu ve Liv’® SEM-EDS, XRF ve XRD kullanarak
“Huaguangjiao I” batigindaki farkli kabuklagsma
tiirlerini analiz etmistir.

2 MACCLEOD 1991
3 NORTH 1978

4 NORTH 1976

5 ODDY 1975

6 JONES 1972

7 YANG vd. 2012

8 LIU vd. 2011

9 BAO vd. 2014
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As early as the 1970s, many researchers worldwide
had already devoted their careers to the preservati-
on of ancient shipwrecks and their cargo, including
Macleod,> North & Pearson,® North,* Oddy,” and
Rees & Jones.® By the 1980s, after the discovery and
excavation of numerous ancient shipwrecks in China,
more and more Chinese scientists began to research
the preservation of ancient artifacts from shipwrecks.
Yang and Tian’ utilized X-ray fluorescence (XRF),
an X-ray diffractometer (XRD), and a scanning ele-
ctron microscope equipped with energy dispersive
spectroscopy (SEM-EDS) to analyze the corrosion of
brown artifacts from the Nan’ao I shipwreck. They
found that the corrosion products were primarily cop-
per chloride with a small quantity of copper sulfide.
Liu, Zhang, Li, and Ma® analyzed the concretion of
iron wares from three shipwrecks, including the Nan-
hai I shipwreck, the Nan’ao I shipwreck, and the Hu-
aguangjiao I shipwreck. Using the XRF, XRD, and
SEM-EDS, they found that concretion from the Hu-
aguangjiao I and Nan’ao I shipwrecks primarily con-
tained iron and calcium, while concretion from the
Nanhai I shipwreck contained calcium and silicon.
Moreover, Bao, Jia, Fu, and Liu’ analyzed different
types of concretion in the Huaguangjiao I shipwreck
by using the SEM-EDS, XRF, and XRD.

2 MACCLEOD 1991
3 NORTH 1978

4 NORTH 1976

5 ODDY 1975

6 JONES 1972

7 YANG et al. 2012
8 LIUetal 2011

9 BAO et al 2014



Kuskusuz, onceki arastirmacilar depozit olusumunun
derinlemesine  aragtirmalarina  biiyiik  katkida
bulunmuslardi. Ancak depozit olusumu ve uzaklastirma
yontemlerini belirlemenin vazgegilmez bir parcasi
olan kristal morfolojisi, boyutu ve dagilimi gibi
kabuklagsmanin mineralojisi ile ilgili neredeyse hig
caligma yapilmamistir. Bu arada, su anda genellikle
batiktaki c¢anak ¢omleklerin kalkerlerini temizlemek
icin kimyasal ¢ozelti uygulanmaktaydi, ancak batiktaki
asitle kolayca asinabilecek ¢ok sayida sirli ganak ¢omlek
diisiiniildiigiinde kimyasal yontemin uygun olmadigi
anlagilmaktadir.

Konservasyon konusundaki bu zorlu sorunu
¢ozebilmek icin Sun Yat-sen Universitesi Arkeometri
Laboratuvari’ndaki aragtirma grubumuz, Guangdong
Deniz Ipek Yolu Miizesi ile isbirligi iginde, 2010
yilindanbuyanaantik¢anak¢dmleklerinkabuklanmasi
lizerine bir dizi aragtirma gerceklestirmistir. XRD,
mikro-Raman spektrometresi (RS) ve Enerji
dagilimli spektroskopi (SEM-EDS) ile donatilmig
taramali elektron mikroskobu, mikro X-151m1
floresans spektrometresi (XRF), vb. gibi bir dizi
analitik imkandan faydalanarak depozit olusumu ve
Nanhai [ batigindan alinan ilgili 6rnekler dikkatli
bir sekilde analiz edilmistir. Analize dayanarak
Nanhai I batigindaki farkli depozit tiirlerinin olusum
mekanizmasi ayrintili bir gsekilde ele alinmis olup, bu
arada, kabuklanmanin ¢ogunda verimli bir yontem
oldugu onaylanan yeni bir konservasyon yontemi
tasarlanmistir. Ek olarak, antik batiktan elde edilen
canak ¢Omleklerle ilgili ¢aligmalarda bilimsel
yontemlerin uygulanmasini arastirmak amaciyla
canak ¢Oomlek parcalarinin kimyasal bilesimini de
analiz edilmektedir.

TINA

Undoubtedly, previous researchers have contribu-
ted a great deal to the deep research of concretion.
However, related studies on the mineralogy of conc-
retion, including the crystal morphology, size, and
distribution, have rarely been reported, despite the
fact that this is an indispensable basis for learning
about the formation of concretion and discerning re-
moval methods. Meanwhile, chemical solutions are
usually applied to remove concretion from ceramics
recovered from shipwrecks, however considering the
number of glazed ceramics found on the shipwreck
which would easily be eroded by acid, chemical met-
hods do not seem to be suitable in this case.

In order to solve this difficult problem of conserva-
tion, since 2010 our research group in the archaeo-
metry lab of Sun Yat-sen University has carried out a
series of studies on the concretion of ancient ceramics
in cooperation with the Maritime Silk Road Museum
of Guangdong. By using a series of analytical techno-
logies, including XRD, a micro-Raman spectrometer
(RS), a scanning electron microscope equipped with
energy dispersive spectroscopy (SEM-EDS), and
micro X-ray fluorescence spectrometry (XRF), we
carefully analyzed the concretion and related samp-
les from the Nanhai I shipwreck. Based on this analy-
sis, we considered the mechanism for the formation
of different types of concretion from the Nanhai [
shipwreck, and we designed a new conservation met-
hod, which was certified as an efficient method for
removing most types of concretion. In addition, we
analyzed the chemical composition of ceramic shar-
ds to further identify their provenance and to explore
the application of scientific methods in the study of
ceramics from ancient shipwrecks.
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2 ORNEKLEME

Bu g¢aligmada, “Nanhai [” batigma ait c¢anak
¢omleklerden alman depozit oOrnekleri Cin
Guangdong Deniz Ipek Yolu Miizesi tarafindan
saglanmistir. Test i¢in “Nanhai I batigindan (Cin,
Guangdong Deniz Ipek Yolu Miizesi tarafindan
saglanan) farkli depozitlere sahip yirmi yedi numune
secildi. Depozitlerin goriiniimiine dayanarak drnekler
dort kategoriye ayrildi: beyaz kabuklu deniz hayvani
kabuklanmalari, gri kabuklanmalar, kahverengi
kabuklanmalar ve ylizeysel gri kabuklanmalar. Bu
arada, Qingbai mali, beyaz porselen, Longquan Stili
seladonlar1 (uguk yesil renkli Cin porslenleri) vb
dahil olmak {izere 12 parca canak ¢omlek parcasi
toplandi, tiim tipik 6rnekler Fig. 2°de gosterilmistir.

2 SAMPLING

In this study, concretion of ceramics collected from
the “Nanhai I” shipwreck was provided by the Ma-
ritime Silk Road Museum of Guangdong, China.
Twenty-seven samples with different concretions
from the “Nanhai I” Shipwreck were selected for the
experiment. From the appearance of the concretions,
the samples were divided into four categories: white
shellfish concretions, gray concretions, brown conc-
retions, and shallow gray concretions. In the mean-
time, we also collected 12 pieces of ceramic shards,
including Qingbai ware, white porcelain, and cela-
don with Longquan style. All of the typical samples
are shown Fig 2.

2(a) X 2(b) L

1(a): Ornek N0, deneyden ince
Iak:sample NOD before experiment
2(a): Ornek N20, deneyden énce
2ia):sample N20 before experiment
3(a): Ornek N14, deneyden ince
Ia).sample NI4 before experiment
4(a): Ornek N25, deneyden ince
dfa):sample N2§ before experiment
5: Ornek NO1 6: Ornek NO3
5: sample N01 G:sample NO3

1(b): Ornek N0Y, deneyden sonra
Ihi:sample NOY after experiment
2(b): Ornek N20, deneyden sonra
2ib):sample N20 after experiment
3(b): Ornek N14, deneyden sonra
3(bj:sample N14 after experiment
4(b): Ornek N25, deneyden sonra
d(b)-sample N23 after experiment

7: Ornek N12 8: Ornek N16
Tisample N12 B:sample N16

Fig. 2: Farkli kabuklanma ve mal gruplarina ait tipik &rnekler.

Fig. 2: Typical samples with different concretions and type of ware.
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3 ANALITIK YONTEMLER

XRF, XRD, Raman spektroskopisi ve SEMEDS
kullanarak yapilan tiim deneyler Sun Yat-Sen
Universitesi’nin  analitik arastirma merkezinde
gerceklestirilmis olup, deneylerle ilgili ayrintil
ayrintilar agsagidaki gibi rapor edilmistir.
Numunelerin kimyasal bilesimini analiz etmek i¢in
Mikro X-i15mm1  Spektroskopisi (EAGLE-III.XXL,
ABD) kullanildi. Spektroskopi, 40 kV X 1s1n1 tiipii
voltajinda, 200 mA akimda, 300 um vakumlu optik
yol ve 151n spot boyutunda calistirildi. Coziiniirliik
Mn —Ka’da 137,5 eV, 6li zaman ise % 30’°a yakindi.
Spektrum toplama ve analiz yazilimi, cihaza bagh
olarak calistirilan VISION32 programiyda.

Toz haline gelmis numunelerin kristal yapisi, bir
Cu X-1sm tiipl ile donatilmis MXPI8AHF XRD
(Mc. Japan) kullanarak incelenmistir. XRD 6l¢timii
sirasinda voltaj 40 KV’ye ayarlanmis olup, akim 100
mA idi. Diverjans yarik, Soller yarik ve alict yarik
sirastyla 18, 18 ve 0.15 mm idi.

Numunelerin mineral bilesenlerini belirlemek icin
lazer es odaklt Raman mikroskobu (Renishaw)
kullanildi. Argon 514 nm hatti kullamilarak farkli
depozit olusumlar1 aydinlatildi. Numune ylizeyinde
100-2,000 cm-1 Raman kayma araligindaki ortalama
spektral ¢ozliniirlik 1 cm-1, spektral ayak izi ¢ap1
1-2 pm (50 X mikroskop nesneleri) idi. Cihazin
kalibrasyonu giinliik olarak 520 cm-1 silikon Raman
bandiyla yapildi. Raman spektrumlari, numunedeki
ornekleme noktalariin se¢imine de yardimci olan
yerinde optik mikroskopi ile kaydedildi.

SEM gozlemi i¢in enerji dagitict  X-151m1
spektrometresi ile donatilmis bir termal alan emisyon
ortami taramali elektron mikroskobu kullanildi.
Numune, SEM’in numune odasina yerlestirilmeden
once ultra ince bir Au filmi ile kaplandi. Gozlem
sirasinda, ikincil elektron goriintiilerini yakalamak
icin hizlanma voltajt 20 kV’a ayarlandi. Ayrica
yerinde kimyasal bilesimleri 6lgmek igin enerji
dagilimli X-151m1  spektroskopisi (EDS) 0dlglimii
yapildi.
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3 ANALYTICAL METHODS

All of the experiments, including XRF, XRD, Raman
spectroscopy, and SEMEDS, were performed in the
analytical research center of Sun Yat-Sen University.
The detailed experimental conditions are reported as
follows.

Micro X-ray Spectroscopy (EAGLE-IIL.XXL, USA)
was employed to analyze the chemical composition
of the samples. It was operated at a voltage of 40 kV
and current of 200 mA of the X-ray tube, with a va-
cuum optical route and a beam spot size of 300 pum.
The resolution was 137.5 eV at Mn—Ka and the dead
time was close to 30%. The software for spectrum
collection and analysis was the VISION32 program
connected with the instrument.

The crystalline structure of powdered samples was
studied using MXP18AHF XRD (Mc. Japan) equip-
ped with a Cu X-ray tube. During XRD measurement,
the voltage was set to 40 KV and the current was 100
mA. The divergence slit, Soller slit, and receiving slit
were 18, 18, and 0.15 mm respectively.

Laser confocal Raman microscopy (Renishaw) was
employed to determine the mineral components of
the samples. Different concretion types were illu-
minated using the argon 514 nm line. The average
spectral resolution in the Raman shift range of 100—
2,000 cm™ was 1 cm™ and the spectral footprint dia-
meter was 1-2 pm (50 X

microscope objects) at the specimen surface. Calibra-
tion of the instrument was performed on a daily basis
with the 520 cm! silicon Raman band. The Raman
spectra were recorded by in situ optical microscopy,
which also assisted in the selection of sampling po-
ints on the specimen.

A thermal field emission environment scanning ele-
ctron microscope equipped with energy dispersive
X-ray spectrometer was used for SEM observation.
The sample was coated with an ultra-thin film of Au
before being placed in the sample chamber of SEM.
During observation, the accelerating voltage was set
to 20 kV to capture the secondary electron images.
Energy dispersive X-ray spectroscopy (EDS) mea-
surement was also performed to measure the in situ
chemical compositions.

199



TINA

Tablo 1: Farkli depozitlerin kimyasal bilesimi ve mal grubunun XRF ile yesil sirlar (agirlikca%)

Num Mg0  ALO, S0, PO, KO Ca0  TiO, Fe0, CoO  CuO  PbO
N5(beyaz alan) - 0.47 297 0.24 0.15 0.35 0.08 1.41 0.05 1.07 93.2

N8 (siyah alan) - 0.43 3.16 0.66 - 0.77 0.1 2.54 0.1 2 90.23
NS(s1r alan) 1.46 3.15 2378 0.63 0.61 0.22 0.21 0.52 0.12 5.02 64.28
N8(gri alan) 0.47 19.16 4821  0.09 6.03 0.2 0.31 218 - 0.94 242
N8(sart alan) - 8.24 2987 0.54 3.62 0.77 0.88 5.15 0.13 136 47.44
NO(gri alan) - 233 19.68  0.52 0.51 0.27 0.18 1.62 0.06 0.85 73.98
N9(yesil alan) 0.6 3.43 2158 048 1.01 0.39 0.1 0.67 0.09 2.66 68.98
N10(yesil sir) 0.42 4.02 40.53 025 0.8 0.65 0.22 0.56 - 2.53 50.01
N10(gri alan) 0.53 2.62 5475 023 0.82 0.67 0.17 0.49 0.03 1.49 382

N10(sar1 alan) 1.88 8 2552 498 2.45 3.14 0.43 3.48 0.04 1.6 48.48
N1 (yesil sir) 1.16 5.22 3199 052 1.43 0.78 032 1.16 0.08 3.25 54.09
N11(gri alan) 0.68 3.63 8374 - 0.63 0.85 0.13 1.22 0.08 1.71 47.34
NI16 (siyahalan) ~ 0.71 1 3.07 0.81 113 122 0.1 1.26 0.05 2.12 88.3

N16 (yesil sir) - 3.49 2638 0.27 0.8 0.59 0.13 1.05 0.12 2.38 64.79
N16 (gri alan) 0.68 0.74 2.83 0.64 0.5 0.42 0.09 0.91 - 1.17 91.45

Table 1 The chemical composition of different concretions and the green glaze of the wares by XRF(wt%)

Num MgO  ALO,  SiO, P,0, K,0 CaO TiO,  Fe,0,  CoO Cu0 PO

N5(white area) - 0.47 2.97 0.24 0.15 0.35 0.08 1.41 0.05 1.07 93.2

N8(black area) - 0.43 3.16 0.66 - 0.77 0.1 2.54 0.1 2 90.23
N8(glaze area) 1.46 3.15 2378 0.63 0.61 0.22 0.21 0.52 0.12 5.02 64.28
N8(gray area) 0.47 19.16 4821  0.09 6.03 0.2 0.31 2.18 - 0.94 22.42
N8(yellow area) - 8.24 2987  0.54 3.62 0.77 0.88 5.15 0.13 136 47.44
N (gray area) - 233 19.68  0.52 0.51 0.27 0.18 1.62 0.06 0.85 73.98
N9 (green glaze) 0.6 3.43 2158 048 1.01 0.39 0.1 0.67 0.09 2.66 68.98
N10 (green glaze) ~ 0.42 4.02 40.53 025 0.8 0.65 0.22 0.56 - 2.53 50.01
N10 (gray area) 0.53 2.62 5475 023 0.82 0.67 0.17 0.49 0.03 1.49 382

N10 (yellow area) 1.8 8 2552 4.98 2.45 3.14 0.43 3.48 0.04 1.6 48.48
N1 (green glaze)  1.16 5.22 3199 0.52 1.43 0.78 032 1.16 0.08 3.25 54.09
N11(gray area) 0.68 3.63 4374 - 0.63 0.85 0.13 122 0.08 171 47.34
N16 (black area) ~ 0.71 1 3.07 0.81 113 122 0.1 1.26 0.05 2.12 88.3

N16 (green glaze) - 3.49 2638 027 0.8 0.59 0.13 1.05 0.12 238 64.79
N16 (gray area) 0.68 0.74 2.83 0.64 0.5 0.42 0.09 0.91 - 1.17 91.45
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4 TARTISMA . . .
4.1 DEPOZIT OLUSUM MEKANIZMASININ iNCELENMES]

Depozit ornekleri goriiniimlerine gore bes kategoriye
ayrildi: beyaz kabuklu deniz hayvanlariyla olusanlar, gri,
gri siyah, kirmizimsi ve gri beyaz depozit olusumlart.

4.1.1 BEYAZ KABUKLU DENIZ HAYVANLARININ OLUSTURDUGU DEPOZITLER
Beyaz kabuklu deniz iirlinleri depozitlerinin mikroskopi
gozlemleri Fig. 3’te gosterilen, kabuklardan gelen mukus
kalintilar1 gibi goriinen alanlar1 gostermektedir. Onceki
caligmalar midye gibi kabuklu deniz canlilarinin genellikle
kabuklu deniz hayvanlarinin metallerin ve kayalarin
ylizeyine kompakt bir sekilde yapigmasina yardimci olan
ayak proteininde Dopa olarak adlandirilan bir tiir adhezyon
proteini salgilayabildigini gostermektedir'® (Fig 3). Genel
olarak midyenin igerdigi Dopa orani ne kadar ytiksekse, o
kadar fazla yapigkan olacaktir.!

4.1.2 GRI DEPOZITLER

Mikroskop altinda gri kabuklanma c¢ok yumusak ve
gevsek goriinmektedir (Fig. 4), yapilan XRD analizi ise
agirlikli olarak gdmiilme siireci esnasinda olusan a-kuvars
ve kalsitten (Fig. 5) olustugunu ortaya koymaktadir.

10 HAN 2013
11 OOKA-GARRELL 2000

Fig. 3: NO7 6rneginin mikroskopik fotografi.
Fig. 3: Micro-photo of sample NO7.

S
1500pm

Fig. 4: Uzerlerinde gri depozit bulunan numunelerin mikrografisi.

Fig. 4: Micro-graph on samples with gray concretion.
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4 DISCUSSION

4.1 ANALYSIS OF THE CONCRETION FORMATION MECHANISM
From the appearance of the concretions, the samples
were divided into five categories: white shell-fish conc-
retions, gray concretions, the gray-black concretions,
reddish concretions, and gray-white concretions.

4.1.1 THE WHITE SHELL-FISH CONCRETIONS

For the white shellfish concretions, microscopic obser-
vations show areas with what seems to be residue of
mucus from the shells, which is shown in Fig. 3. Previ-
ous studies indicate that shellfish organisms like mussels
can secrete a kind of adhesion protein with the name of
Dopa from its foot protein, which usually helps shellfish
organisms compactly attach to the surface of metals and
rocks'?(Fig.3). Generally, the higher proportion of Dopa
the mussel contains, the more adhesive it will be.!!

4.1.2 THE GRAY CONCRETION

Under the microscope, the gray concretion seems very
soft and loose (Fig. 4), and the XRD analysis further
reveals that it was mainly composed of a-quartz and cal-
cite (Fig.5), which was formed during its burial process.

10 HAN 2013
11 OOKA-GARRELL 2000
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Fig. 5: Gri depozitlerin XRD spektrumu.
Fig. 5: XRD spectrum of the gray concretion.
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Denizcilik Arkeolojisi Dergisi

4.1.3 GRI SIYAH DEPOZITLER

Mikro-XRF’nin sundugu olumlu avantajlarindan
faydalanarak yesil sir alan1 ve kalkerli bolge analiz
edildi. Analiz, yesil sirin yiiksek Pb205 (% 50.01
~% 73.98) ve CuO (2.% 38 ~% 5. 02) igerigine
sahip oldugunu ortaya ¢ikardi, bu da yesil sirin daha
diisiik sicaklikta pigirilen sirlara ait oldugunu ve ana
kromojenik maddenin bakir oldugunu gosterdi. Yesil
sirin kimyasal bilesimi ile karsilagtirildiginda, kalker
olusumu PO, (% 0.09 ~% 0.63), CaO (% 0.22 ~%
0.78), Fe,0, (% 0.52 ~% 1.62) daha yiiksek, CuO (%
0.85-2.12) ise daha diisiiktiir. Ayrica yapilan Raman
analizi ana bilesimlerin karbon siyahi, seriizit ve
kursun fosfat oldugunu gosterdi (Fig. 6 ve 7).

4.1.3 THE GRAY-BLACK CONCRETION

By using the advantages of micro-XRF, we analy-
zed the green glaze area of a concretion. The analy-
sis revealed that the green glaze has a high content
of Pb,0, (50.01% ~ 73.98%) and CuO (2.38% ~ 5.
02%), which suggests the green glaze belonged to
a lower temperature-fired glaze and copper was the
main chromogenic substance. Compared to the che-
mical composition of the green glaze, the concretion
has a higher content of P,O, (0.09%~0.63%), CaO
(0.229%~0.78%), Fe O, (0.52%~1.62%) and lower
CuO (0.85-2.12%). The Raman analysis further in-
dicated that it is mainly composed of black carbon,
cerussite, and lead phosphate (Fig. 6,7).

Fig. 6: Gri ve

siyah depozitlerin
mikrografisi.

Fig. 6: A micrograph
on gray-black
concretion.
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Fig. 7: Gri ve siyah depozitlerin Raman spektrumlari.
Fig. 7: Raman spectrums on gray & black concretions.

202



4.1.4 KIRMIZI RENKLI DEPOZIT OLUSUMLARI

X-1g1m1 kirinim analizi kabuklanmalarin ¢ogunlukla
pirit, a-kuvars ve algidan olustugunu gosterdi (Fig.
8). Piritin varlig1 ayrica mikro-Raman analizi ile
teyit edildi, hematit de RS ile belirlendi (Fig. 9). Pirit
kristalleri, kirmizims1 depozitlerin ana kisimlarmdan
birini olusturur. SEM gozlemi piritin framboyidler
veya ¢oklu framboyid kiimeleri halinde olustugunu
gostermistir (Fig. 10). Algitasi, kirmizims: kabukta
kiiciik bir bilesen olarak bulundu ve her bir kristalde
1-2 um boyutunda kristal kiimeleri seklinde goriildii.
Kirmizimsi depozit olusumuna gelince, uzun siire
deniz suyunun icersinde kalma nedeniyle deniz
tabanmin redoks durumunun birgok faktdrden
etkilenebilecegi ve sirastyla pirit ve al¢g1 olusumuna
yol agmis olabilecegi diisliniilmektedir. Ayrica
pirit, c¢ikarma sirasinda ve sonrasinda kolayca
oksitlenebilir'> bu da asagidaki denklemlerde
aciklandig1 gibi spesifik reaksiyon yolu ile alg1 ve
hematit olusumuna katkida bulunabilir.

4FeS,+170,+4H,0—2Fe 0,+8S0,>+8H"
Ca+S0O*— CaSO,.2H,0
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4.1.4 THE REDDISH CONCRETION

X-ray diffraction analysis indicated that the reddish
concretions were mostly composed of pyrite, a-qu-
artz, and gypsum (Fig.8). The existence of pyrite was
also confirmed by micro-Raman analysis, and hema-
tite was also identified by RS (Fig. 9). Pyrite crystals
compose one of the major parts of reddish concreti-
on. SEM observation showed that pyrite occurred as
framboids or poly-framboidal clusters (Fig. 10). Gy-
psum was found in the reddish concretion as a minor
component and appeared to be crystal clusters with a
size of 1-2 um for individual crystals.

As for the formation of reddish concretion, it is be-
lieved that during long-term submersion in seawater,
the redox condition of the seabed could be affected
by many factors and lead to the formation of pyrite
and gypsum respectively. Moreover, pyrite can easily
be oxidized during and after salvage,'? which might
contribute to the formation of gypsum and hematite
through a specific reaction pathway as described by
the equations below.

4FeS +170,+4H,0—2Fe 0, +8S0 *+8H"
Ca+S0,*— CaSO,.2H,0

12 FORS — SANDSTROM 2006
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Fig. 8: Kirmiz1 depozit olusumlari (A) ve gri beyaz depozit olusumlari (B) {izerindeki XRD spektrumlari.
Fig. 8: XRD spectrums on the reddish concretions(A)and gray-white concretions (B).
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Fig. 9: Farkli kirmizimsi depozit olusumlar: ve gri beyaz depozit olusum alanlarindaki mikro-Raman spektrumlari.
Fig. 9: Micro-raman spectrums on different areas of reddish concretions and gray-white concretion.
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Fig. 10a: Kirmizimsi depozitlerdeki pirit framoyidler ve ilgili EDS spektrumu.
Fig. 10a: Pyrite framboids in the reddish concretion and the related EDS spectrum.

204



TINA

0
ull Scale 2450 cts Cursor: -0101 (1 cig)

Ekment | Wemhite  Alomicte
113 4524 BT #
SiK L0 1.28

5k 209 1460

Cak 2E 21 1583
Felk 10% n42

1ML K]

kel

Fig. 10b: Kirmizims1 depozitlerdeki algitasi ve ilgili EDS spektrumu.
Fig. 10b: Gypsum in the reddish concretion and the related EDS spectrum.

4.1.5 GRI BEYAZ DEPOZITLER

Gri depozit olusumunun XRD spektrumu (Fig. 8)
esas olarak a-kuvars, kalsit ve aragonitten olustugunu
gostermistir; bu bulgu, diger alandaki c¢anak
comleklerde gozlenen kabuklanmayla ilgili daha dnce
yapilan ¢alismaya oldukga benzerdir.!* XRD yalnizca
toznumuneyeiliskin bilgi saglayabildiginden, depozit
olusumu par¢alariin mineral bilesimini ve dagilimini
incelemek i¢in in sifu mikro-Raman spektrometresi
(Fig. 9) ve SEM uygulanmistir. Sonuglar, aragonitin
esas olarak gri depozitlerin kenarinda, kalsitin ise
genellikle i¢ kisminda olustugunu gostermistir. Bu
iki kalsiyum karbonat mineral tiirii, SEM go6zlemiyle
gosterildigi gibi farkli kristal sekillerine sahiptir.
Aragonit igne seklinde olusurken, kalsit diizenli bir
altigen olusturur (Fig. 11).

13 BAO vd. 2014

4.1.5 THE GRAY-WHITE CONCRETIONS

The XRD spectrum of the gray concretion (Fig.8.)
indicated that it was mainly composed of a-quartz,
calcite, and aragonite, which was quite similar to the
previous study of the concretion of ceramics in ano-
ther area."® Since XRD can only provide information
for a powdered sample, an in situ micro-Raman spe-
ctrometer (Fig. 9) and SEM were utilized to study the
mineral composition and distribution of concretion
fragments. The results show that aragonite mainly
occurred at the margin of the gray concretion, while
calcite commonly occurred at the inner part. These
two kinds of calcium carbonate minerals have diffe-
rent crystal shapes, as shown by SEM observation.
Aragonite formed in a needle-like shape, while calci-
te formed in a regular hexahedron (Fig. 11).

13 BAO et al. 2014
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Fig. 11a: Gri beyaz depozitlerde gbzlemlenen aragonit kristalleri ve ilgili EDS spektrumu
Fig. 11a: Aragonite crystals observed in gray-white concretion and the related EDS spectrum.
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Fig. 11b: Gri depozitlerde gozlemlenen kalsit kristalleri ve ilgili EDS spektrumu.
Fig. 11b: Calcite crystals observed in grey concretion and the related EDS spectrum.
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Yumusakga depozitlerinin 6nemli bir kismi biyolojik
olarak olugsmus kalsit ve aragonitten olustugu
icin kabuklanmada saptanan kalsiyum karbonat
deneysel olarak deniz kabugu pargalar1 olarak kabul
edildi."* Genel olarak, depoziti olusturan kalsiyum
karbonat kristalleri, genellikle belirli bir katmanda
diizenlenmistir. Depozitin herhangi bir katmanindaki
kalsiyum karbonat kristalleri gubuk, plaka, yaprak vb.
seklinde olusabilirdi.'® Bu mikro yapilar, biyogenetik
karbonatlarin ~ tanmimlanmasinda  kullanilabilir.
Depozitlerde saptanan aragonitkristallerinin dagilima,
hem daginik model hem de diizenli prizmatik model
gostermistir, bu da muhtemelen farkli olusum
yollarina (kimyasal ¢okelme ve biyomineralizasyon)
isaret etmistir. Benzer sekilde, kalsit kristallerinin
daginik dagilim modeli muhtemelen inorganik bir
koken gostermistir.

4.2 FARKLI DEPOZITLERDE YUMUSATMA TEKNIGI

Farkli depozitlerin analizine dayanarak, Fig. 12°de
gosterilen fiziksel bir 1sitma protokolii tasarlanmaistir.
Bu yontem, islem sirasinda kimyasal ve faz
degisimlerinin yani sira kabuklanmada malzemelerin
farkl1 genlesmesi, gaz ve su salmimi ilkesine
dayanmaktadir. Buna ek olarak, fiziksel yontem,
canak ¢omleklerin sirr1 lizerinde asit korozyonunu
Onleyebilir ve c¢anak c¢omleklere zarar vermeden
kabuklanmalar ortadan kaldirabilir.

Yesil sir yiizeyindeki siyah ve gri depozitlerin olasi
hasara yol agmayip, tam tersine tarihsel degerini
de artirabileceginden bu yontem kullanilarak iglem
yapilmadi. Diger kabuklanmalarda bu yontemin ¢ok
verimli oldugunu gordiik.

14 SUN vd. 2015
15 PAULA - SILVEIRA 2009

Numuneleri 170 °C sicaklikta 1,5 saat siireyle iiflemeli kurutma
haznesine yerlestirin

Put the samples into the blast drying chamber for 1.5 hour at
the temperatura of 170
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Empirically, calcium carbonate found in concretion
has been regarded as fragments of shell, since a subs-
tantial part of mollusk shells were composed of bio-
logically-formed calcite and aragonite.'* Generally,
calcium carbonate crystals which constituted the shell
were arranged in a particular type of layering. In any
given layer of the shell, the calcium carbonate crystals
might be arranged as rods, tablets, blades, and so on.'
These micro-structures can be used for the identification
of biogenetic carbonates. The distribution of aragonite
crystals found in the concretion show both a scattered
pattern and a regular prismatic pattern, which probably
indicates different formation pathways (chemical preci-
pitation vs. biomineralization). Comparably, the scatte-
red distribution pattern of calcite crystals probably indi-
cates an inorganic origin.

4.2 THE SOFTENING TECHNIQUES FOR DIFFERENT TYPES OF
CONCRETION

Based on the analysis of the different concretions,
a physical heating protocol was designed, which is
shown in Fig 12. This method is based on the prin-
ciple of different types of expansion of the materials
in concretion, the release of gas and water, as well as
the chemical and phase changes during the treatment.
The physical method can avoid acid corrosion on the
glaze of the ceramic and eliminate the concretion
without damaging the ceramics.

As the black and gray concretion on the surface of
green glaze will not result in potential damage, and
on the other hand, it could increase its historical va-
lue, we did not treat it by using this method. For other
types of concretion, we found this method was very
efficient.

14 SUN etal. 2015
15 PAULA - SILVEIRA 2009

Depozitler hala sert ise
If the concretions are still hard

i

L

i1l har
Depozitler yumusak ve will bard
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) sicaklikta su banyosuna koyun
If the concretions Depozitler yumugak Put the samples into the water bath
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Fig. 12: islem siireci.
Fig. 12: Process of the treatment.
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1) Beyaz kabuklu deniz iiriinlerinden olusan
depozitlerde, hizli kurutma odasinda 1sitma
yontemiyle gevsemeye basladi. Daha sonra, kabuklar
ve canak comlekler arasindaki baglanti noktasindan
kolayca canak c¢Oomlekten ayrilabildi. Son olarak,
Fig. 2-1 (b)’de gosterildigi gibi beyaz kabuklu deniz
iirtinlerindeki depozitler temizlenebildi.

2) Ayni olay 1sitma sirasinda gri depozitlerde de meydana
geldi. Depozitler tanecikli, kirilgan ve dogrudan elle
ayrilabilir hale geldi. Fig. 2-2 (b) ‘de gosterildigi gibi,
islemden sonra ti¢ farkli boyutta ¢anak ¢omlek parcasi
ortaya ¢ikti.

3) Kirmizi, koyu kirmizi ve kahverengi parcaciklart
iceren kahverengi depozitlerde (Fig. 2-3 (a), Fig. 2-4 (a)),
1sitma ve kaynatma islemleri 2-5 kez tekrarlandiktan
sonra arayliz o kadar giiclii degildi. Hala zor olmasma
ragmen kabuklanmalarin bir nester ile ¢ikarilmasi
miimkiin oldu. Fig. 2-3 (b) ve Fig. 2-4 (b)’de gosterildigi
gibi, olusumlar ¢ikarildiktan sonra birkag kiigiik canak
comlek pargasi ortaya cikt1.

S1g gri birka¢ denemeden sonra maalesef ¢ok yogunlasti
ve sertlesti, bu ylizden 1sitma ve kaynatma ydntemi
burada ise yaramadi.

1) The white shellfish concretion began to loosen
after the heating method in the blast drying cham-
ber. It could then easily be pried up from the ceramic
through the junction between shells and ceramics.
The white shellfish concretion could be removed as
shown in Fig. 2-1(b).

2) The same phenomenon happened with the gray
concretions during heating. The concretions beca-
me granular, fragile, and could be straightforward-
ly removed by hand. As shown in Fig. 2-2(b), three
different sizes of ceramic pieces appeared after the
treatment.

3) With the brown concretions (Fig. 2-3(a), Fig.
2-4(a)), which contained red, dark red, and brown
particles, the interface was not that strong after 2-5
cycles of treatments involving repeated heating and
boiling. Although still hard, the concretions could be
removed by scalpel. As shown in Fig. 2-3(b) and Fig.
2-4(b), several smaller ceramic pieces were left after
removing the concretion.

It was a pity that the shallow gray was very compact
and hard after several attempts, so the method of hea-
ting and boiling did not work in this case.

Tablo 2. XRF’ye gore farkli tipteki numunelerin kimyasal bilesimi
(temel element: agirlik¢a%); eser miktarda element: ng/ g)

Temel elementler Eser miktarda elementler
Numara ALO, SiO, TFe0, |[TiO, MgO CaO Na,0 K,0 Cr Cu Mn P Rb Sr Zr Zn
N1(govde) 21 72.3 0.85 0.16 0.25 0.22 1.67 2.55 19 72 271 271 193 62 254 131
N2(govde) 20.37 73.63 1.02 0.16 0.04 0.23 0.93 2.63 17 83 270 242 216 69 284 112
N3(govde) 17.85 73.57 | 0.55 0.12 0.69 0.91 2.39 2.92 - 0 309 271 381 67 85 68
N4(govde) 18.91 73.84 043 0.15 0.6 0.31 1.61 3.14 32 38 232 197 208 61 254 59
N7(govde) 19 7329 |0.92 0.15 0.66 0.45 1.86 2.68 11 21 582 272 411 62 130 28
N22(gévde) 22.32 70.02 |0.78 0.16 0.34 0.31 1.08 4 60 71 257 251 310 73 360 158
N(sir) 14.89 66.5 0.79 0.13 0.63 1278 | 091 2.37 - 14 1096 | 993 164 242 228 67
N2(str) 17.5 67.72  |0.72 0.15 0.28 9.28 0.75 2.58 - 28 692 639 164 170 240 78
N3(sir) 14.19 66.37 |0.83 0.13 0.43 14.02 |0.97 2.05 - 2 455 708 263 209 111 119
Nd(s1r) 17.61 65.67 |03 0.13 0.43 10.58 [0.84 3.44 - - 748 611 161 186 223 65
N7(sir) 13.85 70.18 | 0.61 0.13 0.01 8.56 1.74 3.92 15 8 738 723 396 194 88 21
N22(sir) 17.87 64.64 |0.72 0.13 1.03 9.36 0.86 4.41 - - 703 1020 | 224 167 252 96
N12(govde) 15.45 75.59 |2.08 0.53 0.04 0.21 1.75 335 97 7 292 210 308 53 247 91
N13(govde) 19.12 72.89 1.65 0.26 0.55 0.19 1.75 2.6 34 8 304 253 160 68 173 27
N20(govde) 13.32 78.30 1.73 0.45 0.70 0.24 1.36 2.90 130 |37 460 232 245 65 302 95
N12(sir) 12.01 67.88 1.29 0.31 1.67 1234 10.95 2.54 - - 2716 | 1498 | 202 376 273 154
N13(sir) 15.85 7158 0.74 0.24 1.13 4.38 0.71 4.38 - 43 2395 | 1265 | 201 222 172 173
N20(s1r) 12.35 61.89 1.24 0.28 2.38 16.28 | 1.57 3.01 - 26 2437 | 2875 187 719 269 162
N5(govde) 232 6576 |2.32 0.66 1.08 0.32 2.65 3 19 162 386 215 206 129 286 149
N8(govde) 26.81 6328 |2.06 0.88 0.73 0.29 1.58 3.39 42 36 557 388 207 104 238 65
N8(govde) 23.91 65.71 1.84 0.7 0.91 0.32 2.35 3.27 56 47 449 288 212 94 297 116
N9(govde) 23.46 6544 |23 0.66 1.28 0.48 2.53 2.85 34 284 489 347 176 141 266 100
N10(g6vde) 21.82 6729 249 0.63 1.46 0.31 2.53 2.47 41 97 458 279 184 99 212 102
N11(govde) 24.57 6537 |25 0.7 0.85 0.38 1.57 3.04 25 16 476 274 223 151 237 132
N16(g6vde) 24.23 6527 | 245 0.67 1.03 0.36 2 2.99 37 135 589 378 192 110 321 92
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Table 2. Chemical composition of different type of samples by XRF
(major element:wt%) ; trace element:pug/g)

Major elements Trace elements
num ALO, Sio, TFe,0, TiO, MgO [ CaO Na,0 K,0 Cr Cu Mn P Rb Sr Zr Zn
N1(body) 21 72.3 0.85 0.16 0.25 0.22 1.67 2.55 19 72 277 277 193 62 254 131
N2(body) 20.37 73.63 1.02 0.16 0.04 0.23 0.93 2.63 17 83 270 242 216 69 284 112
N3(body) 17.85 73.57 0.55 0.12 0.69 0.91 2.39 2.92 - 0 309 271 381 67 85 68
N4(body) 18.91 73.84 0.43 0.15 0.6 0.31 1.61 3.14 32 38 232 197 208 61 254 59
N7(body) 19 73.29 0.92 0.15 0.66 0.45 1.86 2.68 11 21 582 272 411 62 130 28
N22(body) 22.32 70.02 0.78 0.16 0.34 0.31 1.08 4 60 71 257 251 310 73 360 158
Nl(glaze) 14.89 66.5 0.79 0.13 0.63 12.78 091 2.37 - 14 1096 | 993 164 242 228 67
N2(glaze) 17.5 67.72 0.72 0.15 0.28 9.28 0.75 2.58 - 28 692 639 164 170 240 78
N3(glaze) 14.19 66.37 0.83 0.13 0.43 14.02 0.97 2.05 - 2 455 708 263 209 111 119
N4(glaze) 17.61 65.67 0.3 0.13 0.43 10.58 0.84 3.44 - - 748 611 161 186 223 65
N7(glaze) 13.85 70.18 0.61 0.13 0.01 8.56 1.74 3.92 15 8 738 723 396 194 88 21
N22(glaze) 17.87 64.64 0.72 0.13 1.03 9.36 0.86 4.41 - - 703 1020 | 224 167 252 96
N12(body) 15.45 75.59 2.08 0.53 0.04 0.21 1.75 3.35 97 7 292 210 308 53 247 91
N13(body) 19.12 72.89 1.65 0.26 0.55 0.19 1.75 2.6 34 8 304 253 160 68 173 27
N20(body) 13.32 78.30 1.73 0.45 0.70 0.24 1.36 2.90 130 37 460 232 245 65 302 95
N12(glaze) 12.01 67.88 1.29 0.31 1.67 12.34 0.95 2.54 - - 2716 1498 | 202 376 273 154
N13(glaze) 15.85 71.58 0.74 0.24 1.13 438 0.71 4.38 - 43 2395 1265 201 222 172 173
N20(glaze) 12.35 61.89 1.24 0.28 2.38 16.28 1.57 3.01 - 26 2437 | 2875 187 719 269 162
N5(body) 232 65.76 2.32 0.66 1.08 0.32 2.65 3 19 162 386 215 206 129 286 149
N8(body) 26.81 63.28 2.06 0.88 0.73 0.29 1.58 339 |42 36 557 388 207 104 238 65
N8(body) 23.91 65.71 1.84 0.7 0.91 0.32 2.35 3.27 56 47 449 288 212 94 297 116
NI9(body) 23.46 65.44 2.3 0.66 1.28 0.48 2.53 2.85 34 284 489 347 176 141 266 100
N10(body) 21.82 67.29 2.49 0.63 1.46 0.31 2.53 2.47 41 97 458 279 184 99 212 102
N11(body) 24.57 65.37 2.5 0.7 0.85 0.38 1.57 3.04 25 16 476 274 223 151 237 132
N16(body) 24.23 65.27 2.45 0.67 1.03 0.36 2 2.99 37 135 589 378 192 110 321 92

4.3 CANAK COMLEKLERIN MENSEI

Bildigimiz gibi, batiktaki ¢anak ¢omleklerin mensei,
sadece batiktaki kargonun tiirlinli ve nereden
alindigin1 ortaya c¢ikarmakla kalmaz, ayni zamanda
geminin o zamanki seyir rotasini belirlemek icin de
iyi bir temel olusturabilir. 2019 y1l1 sonunda yapilan
son arkeolojik kazida Nanhai I batiginda 180.000
canak c¢Omlek parcast kesfedilmistir. Arkeolojik
siniflandirma yontemleriyle, ¢anak ¢omlegin mensei
konusunda bir 6n calisma yapilarak seramiklerin
agirlikl olarak Jiangxi eyaleti Jingdezhen bdlgesi,
Zhejiang eyaleti Longquan bdlgesi, Fujian eyaleti
Dehua bolgesi, Fujian eyaleti Cizao bolgelerinden
geldigi saptandi. Bununla birlikte, c¢iplak gozle
yapilan arkeolojik siniflandirma yoéntemlerinde de
tanimlama sirasinda bazi zorluklar yasanmaktadir.
Bu nedenle, XRF kullanarak Nanhai batigindan farkli
parcalar1 analiz edildi ve Nanhai I batigindaki ¢anak
¢omlegin nereden geldigi daha belirgin bir sekilde
teyit edildi.

4.3 PROVENANCE OF THE CERAMICS

As we know, knowing the provenance of ceramics
in a shipwreck not only reveals the type and sour-
cing of cargo in the shipwreck, but also may be a
good basis for discussing the navigation route of the
ship at that time. By the end of 2019, reports of the
most recent archaeological excavation indicated that
180,000 pieces of ceramic had been discovered in the
Nanhai I shipwreck. By methods of archaeological
classification, the preliminary study on the prove-
nance of ceramics was carried out, and they found
that the ceramics were mainly from Jingdezhen of
Jiangxi, Longquan of Zhejiang, Dehua of Fujian, and
Cizao of Fujian. However, methods of archaeological
classification with the naked eye met some difficulty
during identification. So by using XRF, we analyzed
different shards from the Nanhai shipwreck, and furt-
her certified the provenance of the ceramics.
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4.3.1 QINGBAI MAL GRUBU

Tarihi metinlere ve arkeolojik kayitlara gore,
Cin’in Song Hanedanligi’'ndaki Qingbai mallarinin
yapiminda kullanilan firinlar, Hubei, Jiangxi, Anhui,
Fujian, Guangdong ve benzer eyaletleri kapsayan
giiney Cin’de yaygin bir sekilde bulunuyordu.'®
Chen ve Chen,!” Li,'® Song,"” Feng2004% tarafindan
yapilan calismalar dahil olmak tizere daha Onceki
calismalarda farkli Qingbai firinlarindan gelen
zanaatkarlarin, kendi mallarinin kalitesini iyilestirme
ve satiglarin1 artirma umuduyla, diger firinlardan
iriinlerin  6zelliklerini 6grenme ve taklit etme
egiliminde olduklari, bunun da dogrudan farkli
firinlardan Uriinlerin  benzer goriinimiine neden
oldugu ortaya konmustur. Sonug¢ olarak, Qingbai
mallarin  firin tanimlanmasinda gorsel gozlem
yonteminin kullanilmasi bir engel olusturmustur.
Onceki  arastirmalar,”’  Huatian mallar1  ile
karsilastirildiginda, Anhui Eyaletindeki Qingbai
mallarinin daha diisiik K O igerigine sahip oldugunu
(% 1.33-1.88), Hubei’den gelenlerin daha fazla
Fe,O, (% 0,92-1.17) ve Fujian mallarinin ¢ok daha
fazla Fe,O, igerdigini gostermistir. (% 0,83-1,44) ve
daha yiiksek Pb (FJaver / HTaver = 3,65); Guangxi
ve Guangdong Qingbai mallari ise daha yiiksek AL,O,
igeriyordu (ortalama % 24,28).

Tablo 2’de gosterildigi gibi, mavimsi beyaz porselen
numuneleri (numune N3, N4, N7) diistik aliiminyum
igerigi ve yiiksek silikat (AL,0,% 19°dan az SiO,
icerigi neredeyse %73’tiir) ve diisik Jingdezhen
Hutian firinindan oldugu anlagilan TE,O, (<% 1);
bazi mavimsi-beyaz porselen numuneleri (numune
NI, N3 ve N22) ise daha yiiksek AL O, igerigine ve
daha yiiksek K,O igerigine sahiptir, bu da bunlarin
Fujian Eyaleti’nden olabilecegini diisiindiirmektedir.

16 Chinese Ceramic Association, 1982

17 CHEN - CHEN 1994

18 LI 1998

19 SONG 2001

20 FENG vd. 2004

21 LI 1998; CHENG 2004; TIEQUAN vd. 2010
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4.3.1 QINGBAI WARES

According to historical literature and archaeological
records, kilns for Qingbai wares in the Song Dynasty
of China were widely distributed in southern China,
found in the provinces of Hubei, Jiangxi, Anhui, Fu-
jian, Guangdong.'¢ Previous studies, including re-
search done by Chen and Chen,'” Li,'" Song,"” Feng
2004,% indicate that craftsmen from different Qing-
bai kilns tended to learn and imitate the features of
products from other kilns, in the hope of improving
the quality and increasing the sales of their own wa-
res. This resulted in the products from different kilns
having a similar appearance. Consequently, this has
proven to be an obstacle to the identification of kilns
for Qingbai wares using visual observation.

Previous research?' has indicated that, compared with
the Huatian wares, the Qingbai wares of Anhui Pro-
vince had a lower K O content (1.33-1.88%), those
from Hubei contained more Fe,O, (0.92-1.17%), and
the Fujian wares contained much more Fe,O, (0.83—
1.44%) and higher Pb (FJaver/HTaver = 3.65); the
Guangxi and Guangdong Qingbai wares contained
higher Al,O, (average 24.28%).

As shown in table 2, samples of bluish-white porcela-
ins (samples N3, N4, N7) are characterized by a low
content of aluminum and high silicate ( ALO, is less
than 19%, the content of SiO, is almost 73%) as well
as low TFe,O, ( <1%). This indicates the ceramics
were likely from the Jingdezhen Hutian kiln. Some of
the bluish-white porcelain (samples N1, N3 and N22)
have a higher content of Al,O, and a higher content
of K, O, which suggests they may be from the Fujian
Province.

16 Chinese Ceramic Association, 1982.

17 CHEN - CHEN 1994

18 LI 1998

19 SONG 2001

20 FENG et al. 2004

21 LI11998; CHENG 2004; TIEQUAN et al. 2010



4.3.2 LONGQUAN MAL GRUBU

Cin Song ve Yuan Hanedanligi’nda, Longquan
seladonlar1 denizasir1 pazarlarda giderek daha moda
hale geldik¢e, Longquan seladonunun taklidi daha
sonra Giiney Cin’in Fujian, Jiangxi, Guangdong gibi
farkli bolgelerinde ortaya ¢ikti.??

Zhouvd.? 1970’lerin baslarinda Cin’in Song, Yuan ve
Ming hanedanlarindaki Longquan seladonunun hem
govdesi hem de sirrinin ana kimyasal bilesimlerini
analiz etmis olup, yapilan analizde farkli tarihsel
zamanlara ait hem govde hem de sirlarin kimyasal
bilesiminde farkliliklar oldugu gdsterilmistir. 1989
yilina gelindiginde, arkeolojik kazilara dayanarak,
pek ¢ok bilimsel aragtirmaci, porselen kilinin bilesimi
ve mensei ile seladon govdesi ve sir tariflerini iceren
iiretim teknolojisine odaklanmaya basladi.?* Xiong
vd.® Longquan seladonunun farkli donemlerdeki
bilesen oOzelliklerini analiz etmek i¢in tahribatsiz
EDXREF yontemini kullandilar ve K, Ca, Mn ve Ti gibi
elementlerin Longquan seladonunun tarihlemesini
belirlemek i¢in kullanilabilecegini buldular. Wu vd.?
bir dizi deneysel yontem kullanarak Longquan’dan
gelen mallarin hem gévde hem de sirrinin ana element
bilesimlerini ve bunlarin Jingdezhen’deki taklidini,
ayrica iki atolyenin Longquan seladonunun atesleme
sicakligini belirlemistir. Yukaridaki calismalarin hepsi
Longquan Seladon’unun menseinin arastiriimasi
konusunda iyi bir temel olusturmustur.
Calismamizda bazi seladonlarin (N12, N13 ve
N20) yiiksek silikon icerigine ve diisiik alliminyum
igerigine (AL,0,:% 13.32 -% 19.12; SiO,:% 72.89
-% 78.30) sahip oldugu saptanmis olup, bu bulgu
Zhejiang Longquan Seladonunun kimyasal 6zelligi
ile uyumluydu. Bununla birlikte, li¢ numunenin
farkli K,O / CaO oranlarina sahip olmasi, bunlarin
Zhejiang Longquan’dan farkli bir firin isciligi
oldugunu gostermistir.

Yukaridaki bilgilere dayanarak, XRF’nin c¢anak
¢omlegin mensgeini belirlemede birgok yararhi bilgi
saglayabilecek olan batik seramiklerini analiz etmek
icin iyi bir yontem oldugunu gorebiliriz. Bununla
birlikte, XRF’nin tespit etme konusundaki smirlilig
nedeniyle, ana elementlerin ve birkag eser elementin
bilgilerini saptayacaktir belirleyecektir, bu da
canak ¢omlegin mensei ile ilgili kapsamli arastirma
yapilmasini engelleyecektir, bu nedenle gelecekte
arastirmay1 yiiriitmek i¢in La-ICP-MS, NAA, PIXI,
vb. gibi daha analitik yontemler uygulayacagiz.

22 Li 1998; FENG 2001
23 ZHOU vd. 1973

24 Bureau of Light industry 1989; GUO — ZOU 1992; China
Association of Silicate 1989.
25 XIONG vd. 2004

26 WU vd. 2013
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4.3.2 LONGQUAN WARES

During the Song and Yuan dynasties of China, as the
Longquan celadon was becoming increasingly fas-
hionable in the overseas markets, imitation of Lon-
gquan celadon appeared in different areas of South
China, such as Fujian, Jiangxi, and Guangdong.*

In the early 1970s, Zhou et al.*® analyzed the major
chemical compositions of both body and glaze of the
Longquan celadon in the Song, Yuan, and Ming dy-
nasties of China, and the analysis showed that there
were differences in the chemical composition of both
body and glaze during different historical time peri-
ods. In 1989, based on archaeological excavations,
many scientific researchers began to focus on ma-
nufacturing technology involved in the composition
and source of the porcelain clay and the recipes for
the celadon body and glaze.?* Xiong et al.> used the
non-destructive EDXRF method to analyze compo-
nent characteristics of Longquan celadon from dif-
ferent periods for scientific identification, and they
found that elements such as K, Ca, Mn and Ti could
be used to identify the dating of the Longquan cela-
don. Using a series of experimental methods, Wu et
al.? determined the major elemental compositions of
both body and glaze from Longquan and its imitati-
on in Jingdezhen, as well as the firing temperature
of Longquan celadon in the two workshops. All the
above work formed a good basis for researching the
provenance of the Longquan Celadon.

Our study discovered that the some celadons (N12,
N13 and N20) have a high content of silicon and low
content of aluminum (AL, O, : 13.32% - 19.12%; SiO,
: 72.89% -78.30%), which is in accordance with the
chemical characteristics of Zhejiang Longquan Cela-
don. However, the three samples had a different ratio
of K O/Ca0, which suggests that they were products
of a different kiln than Zhejiang Longquan.

Based on the above, we could see that XRF is a good
method for analyzing the shipwreck ceramics, one that
could provide a great deal of useful information for dis-
cussing the provenance of the ceramics. However, due
to the detection limitations of XRF, it only determined
information for the major elements and a few trace
elements, which would hamper deep research into the
provenance of the ceramic. So in the future, we plan
to apply much more analytical methods, including La-
ICP-MS, NAA, PIXI, to carry out the research.

22 Li1998; FENG 2001
23 ZHOU et al. 1973
24 Bureau of Light industry 1989; GUO - ZOU 1992; China Association

of Silicate 1989.
25 XIONG et al. 2004

26 WU et al. 2013
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5. SONUC

Bu makalede farkli depozitlerin ve olusum
mekanizmalarinin analizi, farkli kabuklanmalar
yumusatmak i¢in yeni fiziksel yOntemlerin

tasarimi ve batiktan alinan bazi ¢anak ¢omleklerin
mengeinin saptanmasi konusunda yapilan ¢aligmalar
aktarilmistir. Bilindigi gibi, Nanhai I batigi, ¢anak
¢omlek haricinde, tiimi biiylik 6l¢lide konservasyon
ve arkeolojik arastirmalara ihtiya¢ duyan bronz,
metal, altin, giimiis, kalay, cam, vernik, ahsap
gemi gibi bircok arkeolojik malzeme igermektedir.
Bu arada, Sun Yat-sen Universitesi ve Yangjiang
Belediye Hiikiimeti tarafindan ortaklasa Deniz Ipek
Yolu Ortak Arastirma Merkezi kurulmustur. Bu
merkezde Nanhai batiginin daha iyi korunmasi ve
konservasyonu i¢in farkli alanlardan ve diinyanin
farkli bolgelerinden uzmanlar ile birlikte calisma
yapmaya ag¢ik oldugumuzu belirtmek isteriz.
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5. CONCLUSION

This paper has demonstrated our work on the analy-
sis of different concretions and formation mechanis-
ms, the design of new physical methods to soften
the different types of concretion, and the identifica-
tion of the provenance of some ceramics from the
shipwreck. In addition to the ceramics, the Nanhai I
shipwreck finds involve lots of other archaeological
materials, including bronze, metal, gold, silver, tin,
glass, lacquer, and wood, all of which are in great
need of conservation and archaeological research.
Meanwhile, we cooperatively established The Joint
Research Center of the Maritime Silk Road with Sun
Yat-sen University and the Yangjiang Municipal Go-
vernment. Here, we would like to sincerely welco-
me experts from different fields and different areas
of world to work together for the better conservation
and preservation of the Nanhai shipwreck.
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DOR 2001/1 BATIGI
AHSAPLARININ KONSERVASYONU

CONSERVATION OF THE DOR 2001/1
SHIPWRECK TIMBERS

* Sophie COHEN

** Deborah CVIKEL

Anahtar kelimeler: Dor lagiinii; Emdirme; Polietilen glikol; Suya doymus ahsap konservasyonu
Keywords: Dor lagoon; Impregnation; Polyethylene glycol; Waterlogged wood conservation

OZET

MS 6. yiizyihn igiincii ¢eyregine tarihlenen Dor
2001/1 batigi, Hayfa Universitesi Leon Recanati
Denizcilik Caligsmalart Enstitlisii tarafindan 2002 ile
2006 yillar arasinda kazilmigtir. Govde yapisi iske-
let temellidir ve batik gévdesinden sualt1 bulgularini
desteklemek amaciyla 2,5 m uzunlugunda bir kesit
almarak karada analiz yapmak iizere cikarilmistir.
Ahsaplar, hiicre igeriklerinin yerini deniz suyu aldi-
gindan gii¢siiz durumdaydi ve konservasyon islemi,
suyun yerini yavag yavas polietilen glikol (PEG) ile
degistirildigi “%100 PEG” emdirme yontemiyle ger-
ceklestirilmisti. Orijinal hiicre igeriklerinin yerini de-
niz suyu aldigindan ahsaplar zayi1f durumdaydi, kon-
servasyon iglemi suyun yerini yavas yavag tamamen
polietilen glikoliin (PEG) aldig1 ‘PEG %100’ yonte-
mine dayaltydi. Konservasyon iglemi sonrasinda bazi
ahsap liflerinde ¢atlaklar tespit edilmistir. Bu durum
igne yaprakli agaclarin (traheidler) ve genis yaprakli
agaclarin (gozenekler) farkli hiicresel iletken yapilari
ve bunlarin PEG emdirme islemi tizerindeki etkisiyle
aciklanabilir. Yiiksek molekiiler agirlikli PEG kul-

ABSTRACT

The Dor 2001/1 shipwreck, dated to the first third of
the 6th century AD, was excavated in 2002-2006 by
the Leon Recanati Institute for Maritime Studies at the
University of Haifa. The hull construction was based
on frames, and to support the underwater findings,
a 2.5-m-long section of the hull was sawn out and
retrieved for analysis on land. The timbers had been
weakened as their original cell contents had been
replaced by seawater, and the conservation process
was based on the ‘PEG 100%’ method, in which the
water is slowly completely replaced by polyethylene
glycol (PEG). Following the conservation process,
cracks were found along some of the wood fibres. This
can be explained by the different cellular conducting
structures of softwoods (tracheids) and hardwoods
(pores), and their effect on PEG impregnation. Due to
the use of high molecular weight PEG, impregnation
of the polymer into the hardwood core was more
difficult, causing the wood to deform, creating cracks
and fractures.

* Sophie COHEN, Hayfa Universitesi, Leon Recanati Denizcilik Cahsmalar1 Enstitiisii, Deniz Medeniyetleri Boliimii, Hayfa israil.
* Sophie COHEN, Leon Recanati Institute for Maritime Studies and Department of Maritime Civilizations, University of Haifa, Israel.
**Dr. Deborah CVIKEL, Orcid ID: 0000-0002-4661-1603, Hayfa Universitesi, Leon Recanati Denizcilik Caliyjmalar1 Enstitiisii ve Denizci

Uygarliklar Boliimii, israil.

** Dr. Deborah CVIKEL, Orcid ID: 0000-0002-4661-1603, Leon Recanati Institute for Maritime Studies and Department of Maritime
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lanim1 nedeniyle polimerin genis yaprakli agaglarin
icine emdirilmesi daha gii¢ olmus; bu da deformas-
yona neden olup catlaklar ve yariklar olusturmustu .
Bu sorun iki asamali bir siire¢ uygulanarak ¢oziildii:
once diisik molekiiler agirlikli (MW 400) PEG, son
islem olarak da daha yiiksek molekiiler agirlikli PEG
kullanildi. Bu yontem, diisiik molekiiler agirlikli po-
limerin ahsabin i¢ine yeterince emdirilmesine olanak
saglayarak, yiiksek molekiiler agirlikli polimer em-
dirilmesi yoluyla ahsabin genel yapisini stabil hale
getirmektedir.

DOR 2001/1 BATIGI

Dor 2001/1 batig1 su jeti ile yapilan bir arastirma si-
rasinda Dor lagiiniinde kesfedilmis ve 2002 yilindan
2006 yilina kadar bes sezon boyunca Hayfa Univer-
sitesi Leon Recanati Denizcilik Caligmalar1 Enstitiisii
tarafindan kazilmistir. Batik, 17 metre uzunlugunda,
5 metre eninde, yapi taslari yiikli tahminen 50 tonluk
tagima kapasitesine sahip bir Bizans ylik gemisine ait
kalintilardan olusmaktadir. Govde konstriiksiyonu,
kenar birlestirmesiz kaplama tahtalariyla hem ya-
pim teknigi hem de konsept olarak iskelet temellidir.
Batik, MS 6. yiizyilin ii¢lincii ¢ceyregine tarihlenmis
olup, MS 540 tarihinden 6nce batmistir. Bu nedenle,
su ana kadar Akdeniz Bolgesi’nde bulunan en eski
iskelet-temelli batiklar arasindadir.! Proje Profesor
Yaacov Kahanov’un bagkanliginda yiiriitiilmiis olup,
batik ve igindeki buluntular Hadas Mor’un doktora
tezinin konusu olmustur.

Arkeolojik buluntunun 6nemi ve sualtt buluntulari-
n1 desteklemek amaciyla dordiincii kazi sezonunda
(2015 yilinda) govdeden 2,5-m uzunlugunda bir ke-
sit alinmigtir. Alinan kesitte geminin omurgasi, kont-
ra omurgasi, taban kirisi, boyuna kirigleri, postalari,
giiney-bat1 tarafindaki ikinci borda kaplamasindan
ahsaplar ve kuzey-dogu tarafindaki ikinci ¢apa tah-
tasina (20. sira) kadar olan pargalar ve i¢ kaplama-
lar1 yer almaktadir (Fig. 1). Ahsaplar kazi alanindan
paslanmaz celik tablalar i¢inde kiyidaki bir bekletme
tankina (Fig. 2), daha sonra oradan da Hayfa Univer-
sitesi’nin Elaine Recanati Deniz Arastirmalar1 Labo-
ratuari’ndaki konservasyon tesislerine taginmistir.

1 KAHANOV — MOR 2014.
2 KAHANOV - MOR 2014, 41-42.
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This problem was solved by using a two-step process:
first using a low molecular weight (MW 400) PEG,
and finishing with a higher molecular weight PEG.
This method allows efficient impregnation of the
low molecular weight polymer into the wood’s core,
and stabilizes the overall structure of the timber by
impregnation with high molecular weight polymer.

THE DOR 2001/1 SHIPWRECK

The Dor 2001/1 shipwreck was discovered in Dor
lagoon during a water-jet survey, and excavated over
five seasons from 2002 to 2006 by the Leon Recanati
Institute for Maritime Studies at the University of
Haifa. The shipwreck is the remains of a Byzantine
coaster, about 17 m long, 5 m beam, with an estimated
displacement of 50 tons, loaded with building stones.
The hull construction was based on frames both in
concept and in construction, with no planking edge-
fasteners. It was dated to the first third of the 6th
century AD, and was wrecked no later than 540 AD.
Thus it is among the earliest frame-based shipwrecks
found so far in the Mediterranean.! The head of this
project was Professor Yaacov Kahanov, and the
shipwreck and its finds were the subject of a PhD
dissertation by Hadas Mor.

Due to the importance of the archaeological find, and
to support the underwater findings, during the fourth
excavation season (in 2005) a 2.5-m-long section
of the hull was sawn out. The section includes parts
of the keel, false keel, central longitudinal timber,
stringers, frames, planks from the second strake on
the south-western side, and up to the second wale
(the 20th strake) on the north-eastern side, and ceiling
planks (Fig. 1). The timbers were transferred from the
site in stainless steel trays to a holding tank on shore
(Fig. 2), and then to the conservation facilities of the
Elaine Recanati Laboratories for Marine Research at
the University of Haifa.?

1 KAHANOV — MOR 2014.
2 KAHANOV - MOR 2014, 41-42.
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Fig. 1b: Yap1 taglarinin kaldirilmasinin ardindan gévdenin iist goriinlisi—fotomozaik (S. Breitstein).
Fig. 1b: Plan view of the hull, after removing the building stones—photomosaic (S. Breitstein).
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KONSERVASYON METODOLOJISI

Suya doymus ahsaplar (kuru haline gore igeriginde
%100’{in tizerinde su bulunan ahsap)® ¢esitli agag tiirle-
rinden olugmaktaydi: 1) igne yaprakli agaglar: Cupres-
sus sempervirens (omurga, govde kaplamalari, kemer-
ler), Pinus brutia (govde kaplamasi, egriler); ve 2) genis
yaprakli agaglar: Ziziphus spina christi (egriler), Quer-
cus coccifera (kontra omurga) Tamarix (X5) (omurga,
egriler) ve Ziziphus spina christi (egriler). Ahsaplar
Eyliil 2005 tarihinde konservasyon laboratuvarina akta-
rilmis olup, konservasyonun ilk agamasi olarak hem ah-
saplar hem de konservasyon tanki birka¢ kez musluk su-
yuyla temizleme ve durulama isleminden gegirilmistir.
Bu agsamanin amact, tuzlarin yani sira act suyun 6zelligi
olan bakteri ve mantarlarin yok etmektir. Ayn1 zamanda
ahsaplar detayl bir sekilde incelenmis, ¢izim ve fotog-
raf ¢ekimi yapilarak kayit altina alinmastr.
Ahsaplardan 6rnek alinarak su icerigi analizi yapilmus,
su igerigi %122 (Ziziphus spina christi) ile %920 (Qu-
ercus cerris) arasinda bulunmusgtur. Konservasyon isle-
mine Kasim 2012 tarihinde ahsabin yavasg yavas yiiksek
molekiiler agirlikli polietilen glikolii (PEG 4000) eme-
rek ahsabin igindeki suyun yerini tamamen aldig1 “PEG
%100” emdirme yontemiyle baslanmistir. Cozeltiye iki
haftada bir %2,27’lik diisik bir PEG konsantrasyonu
eklenerek iglem sirasinda toplam 2,152 kg PEG kulla-
nilmigtir. Suyun yiizeyinde bakteri ve mantara rastlan-
mis, (Fig. 3a), bu nedenle asir1 besleyici (PEG) varligi
ve sicaklik kosullarmin (40°C) bakteri kolonilerinin olu-
sumunu tesvik ettigi varsayilmistir. PEG %40’a gelindi-
ginde s1v1 yogunlugundaki artig nedeniyle PEG yonga-
larinin daha iyi ¢6zlinmesine olanak saglamak amaciyla
sicaklik kademeli olarak 60°C’ye artirilmigtir. Bu islem
yiiksek molekiiler agirliklt PEG’in yiiksek konsantras-
yonda katilasmasini engellemek, bakteri ve mantar {ire-
mesini Onlemek amaciyla yapilmistir. Konsantrasyon
%95’e ulasildiginda PEG katilagarak sivinin ylizeyinde
kristaller olusmustur (Fig. 3b). Islemin sonunda ahsap-
lar %100 PEG ¢ozeltisi igerir duruma gelmistir.

3 ENGLISH HERITAGE 2010.

CONSERVATION METHODOLOGY

The waterlogged timbers (wood with more than 100%
water on dry basis)® were of several wood species: 1)
softwoods: Cupressus sempervirens (keel, hull planking,
wales), Pinus brutia (hull planking and frame timbers);
and 2) hardwoods: Ziziphus spina christi (frame timbers),
Quercus coccifera (false keel) Tamarix (X5) (keel, frame
timbers), and Ziziphus spina christi (frame timbers).
They were transferred to the conservation laboratory in
September 2005, and as the first stage of conservation,
both the timbers and the conservation tank underwent
several cycles of cleaning and rinsing with tap water.
The purpose of this phase was to remove salts, as well as
the bacteria and fungi characteristic of brackish water.
At the same time the timbers were examined in detail,
and recorded by drawings and photographs.

The timbers were sampled and analysed for their water
content, which ranged from 122% (Ziziphus spina
christi) to 920% (Quercus cerris). The conservation
process started in November 2012, with the ‘PEG
100%’ method, where the timber slowly absorbs high
molecular weight polyethylene glycol (PEG 4000),
which completely replaces the water within it. A low
PEG concentration of 2.27% was added to the solution
once every two weeks; making a total of 2,152 kg PEG
used during the process. Bacteria and fungi appeared
on the surface of the water (fig. 3a), therefore it was
assumed that the presence of nutrient (PEG) in excess
and the temperature conditions (40°C) encouraged the
formation of bacterial colonies. Towards 40% PEG,
due to the increase in liquid density, and to allow better
dissolution of the PEG beads, the temperature was
gradually raised to 60°C. This was done to keep the high
MW PEG from solidifying at high concentration, and to
prevent the growth of bacteria and fungi. Upon reaching
95%, solidification of PEG occurred and crystals
appeared on the liquid surface (fig. 3b). At the end of
the process the timbers contained 100% PEG solution.

3 ENGLISH HERITAGE 2010.

Fig. 3a: PEG/Su ¢ozeltisi bulunan konservasyon tankinda
sivinin yiizeyindeki bakteri ve mantarlar (S. Cohen).

Fig. 3a: Bacteria and fungi on the liquid surface of the
conservation tank with PEG/Water solution (S. Cohen).

Fig. 3b: Stvinin yiizeyindeki PEG kristallesmesi (S. Cohen).
Fig. 3b: Crystallization of PEG on the liquid surface (S. Cohen).
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Aralik 2014 ile Mart 2015 tarihleri arasinda ahsaplar
konservasyon tankindan g¢ikarilarak PEG’in fazlasi te-
mizlenmis ve ahsaplar ¢evresel olarak kontrol altinda
tutulan ortamdaki bir depoya sevk edilmistir (Fig. 4).
Polimer emdirme igleminin sonunda konservasyonun
basarist agisindan kritik bir fakt6r olan ahsabin ¢ekme
derecesi dlciilmiistiir. Cekme yiizdesi asagidaki formiile
gore hesaplanmigtir:

eserin (t = 0)'daki boyutu — eserin (t = x)'deki boyutu

cekme % =
eserin (t = 0)'daki boyutu

TARTISMA

Dor 2001/1 batiginin konservasyon siirecinde ahsap
lifleri boyunca catlaklar gbzlenmis, fakat temel ¢ek-
me boydan 6l¢iilmiistiir. Bu bilgi 1s181nda baslica risk
faktorlerini saptayabilmek amaciyla ahsaptaki poli-
mer emdirmeyi etkileyebilecek tim degiskenlerle
ilgili kapsamli bir inceleme yapilmistir. islemin ba-
sar1l1 olup olmadigini ve nedenini saptayabilmek i¢in
baz1 ahsaplarin konservasyon sonrasi durumlarinin
yani sira konservasyonu etkileyebilecek diger 6zel-
likler belgelenmistir (Tablo 1).

Degisik ahsaplarin konservasyonunun niteligindeki
farkliliklar, genis yaprakli ve igne yaprakli agaclar
arasindaki yapisal farkliliklarla agiklanabilir.

J

Maritime Archaeology Periodical

From December 2014 to March 2015, the timbers were
removed from the conservation tank, the surplus PEG was
wiped off, and the wood was transferred to storage in an
environmentally controlled atmosphere (Fig. 4). At the end
of the polymer impregnation process, the degree of shrinkage
of the timber was measured, as this is a critical factor for
success of conservation. The percentage of shrinkage was
calculated according to the formula:

h% (;cf _ dimension of artefact at (t = 0) — dimension of artefact at (t = x)
sharinkage = dimension of artefact at (t = 0)
DISCUSSION

In the conservation process of the Dor 2001/1 shipwreck,
cracks were seen along the wood fibres, with the main
shrinkage measured longitudinally. In light of this, a
comprehensive review of all the variables that could affect
the polymer impregnation in the wood was undertaken in
order to identify the major risk factors. The states of several
timbers after the conservation process, as well as other
characteristics that could have affected the conservation,
were documented in order to determine if the process was
successful and why (Table 1).

An explanation for the difference in the quality of conservation
of the different timbers can be the structural dissimilarities
between hardwood and softwood. There are two divisions for
tree hardness types: botanical and physical.

3

Fig. 4: Dor 2001/1 batigmin konservasyon isleminin son evresi / Konservasyon uygulanan ahsaplarin ¢ikarilmasi (D. Cvikel).
Fig. 4: Final phase of the conservation of the Dor 2001/1 shipwreck / Retrieving the conserved timbers (D. Cvikel).
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Agaglarin sertlik tiirleri botanik ve fiziksel olmak {izere
iki ayrilir. Niifuz etme temelde fiziksel bir siiregtir, bu
nedenle ahsabin sertligi fiziksel yapisina gore tanimlan-
malidir. Fiziki a¢idan agaclarin sertligi hiicresel yapi-
lartyla tanimlanir, genis yaprakli agaclarin biitiiniinde
hiicreler boyunca su ileten gozenekler vardir. Hiicrele-
rin geri kalani, emprenye edilmis ahgabin kanallarindan
suyu emer (siingere benzer sekilde).* Polimerin emi-
ciligi hiicrelerin emiciligine bagimhdir. igne yaprakli
agaclarda ise, bunun tam tersine, suyu agacin her ye-
rine dagitan mikroskobik damarlar (traheidler) vardir.
Hiicrelerin yogunlugu, yapisi ve sivinin akisi polimerin
ahsabin derinliklerine 6ziine niifuz etme becerisindeki
onemli degiskenlerdir; bu nedenle sivinin akig mekaniz-
mast yayllmanin dogas1 iizerinde ¢ok dnemli bir etkiye
sahiptir ve bu acidan ahsap konservasyonunun basari-
sinda biiyiik bir etkisi vardir.®

Emicilikteki farkin polimerin genis yaprakli agaca
niifuz etmesinin igne yaprakl agaglara gére cok daha
giic olmasindan kaynaklandigi sonucuna varilabilir;
¢linkli polimer ahsabin 6zline tam anlamiyla niifuz
etmeden Once genis yaprakli agaglarin gdzenekleri
tikanir. Buna ek olarak, yiiksek molekiiler agirlikli
polimer boyutu nedeniyle fiziksel olarak gozenek-
lerin hepsine giremediginden polimerin molekiiler
agirliginin da (polimerik zincir) siireg tizerinde etki-
si vardir. Genis yaprakli ile igne yaprakli agaclarin
konservasyon kalitesindeki fark, mese ahsaplarinin
caminkinden ¢ok daha gii¢ oldugu Ma‘agan Mikhael
batiginin konservasyon siirecinde gozlenebilir.®

Tiim ahsap tiirlerinde catlak olugmasini etkileyebilecek
diger faktorler arasinda demir varligi’ ve ahsabin profili®
yer alir. Biiyiik bir lokal demir konsantrasyonu PEG zin-
cirlerini parcalayabileceginden kurutma islemi sirasin-
da mekanik yiik sonucunda yiizeyde catlamalara neden
olabilir. Birim alandaki demir ¢ivi sayis1 ne kadar ¢ok
olursa ylizeye uygulanan mekanik yiik de o kadar biiyiik
olacaktir ve daha fazla sayida ¢atlak olusacaktir. Tablo
1’de goriilebilecegi gibi, ¢ivi sayis1 10’un iizerinde olan
ahsaplarda yiizeydeki mekanik strese baglanabilecek
cok sayida derin olmayan catlak saptanmistir. Ahsap-
larin kesiti polimerin niifuz etme becerisini etkileyerek
catlaklara neden olabilir. Ahsabin profili ne kadar kare
seklinde olursa, ahsap gdzeneklerinin polimer ahgabin
Oziline ulagmadan dnce tikanma olasilig1 o kadar biiyiik-
tiir. Bu olayin gergeklesmesinin nedeni polimerin ah-
sabin 0ziine niifuz etmesini saglamak ve ahsaptaki go-
zeneklerin kilcal etkisinin iistesinden gelmek i¢in daha
fazla basing uygulamak zorunda kalinmasidir.

4 ANDERSSON vd. 2006, 3644.
5 ZHAO — GRANICK 2004.

6 KAHANOV 2003, 98-99.

7 ALMKVIST vd. 2013, 8-10.

8 IKYOO 2012, 8.
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Diffusion is essentially a physical process, and therefore
the hardness of the wood should be defined according
to the physical structure. Physically, hardness of trees
is defined by their cellular structure, with hardwoods
having pores that conduct water along the cells through
the tree. The rest of the cells absorb the water from the
impregnated tree ducts (similarly to a sponge).* The
absorbency of the polymer depends on the absorbency
of the cells. In contrast, softwood trees have microscopic
tubes (tracheids) that distribute water throughout the
tree. The density and structure of cells and the flow
of liquid are the main variables for the ability of the
polymer to penetrate into the depth of the wood to the
core, and therefore the fluid flow mechanism has a
crucial effect on the nature of the diffusion and the rate
of the process, and has a major effect on the success of
the timber conservation.’

It can be concluded that the difference in the absorbency
is due to the fact that for hardwood there is greater
difficulty for the polymer to penetrate than for softwood,
since hardwood pores are clogged before the polymer
has fully penetrated the core of the wood. In addition,
the molecular weight of the polymer (length of the
polymeric chain) also has an effect on the process, as the
high molecular weight polymer is not able to physically
enter to all the pores because of its size. A difference
in the quality of the conservation of hardwood and
softwood can be seen in the conservation process of the
Ma‘agan Mikhael ship, where it was much more difficult
to preserve the oak timbers than the pine.°®

Additional factors which might influence the creation of
cracks in all kinds of timber are the presence of iron” and
the profile of the wood.® A large local concentration of
iron can cause surface fractures as a result of mechanical
load during the drying process, as it can break the PEG
chains. The larger the number of iron nails per unit area,
the greater is the applied mechanical load on the surface,
and the more cracks will form. As can be seen in Table
1, timbers with more than ten nails had many shallow
cracks that can be attributed to mechanical stress on the
surface. The cross-section of the timbers can affect the
polymer’s penetration ability and thus cause cracks. The
squarer the timber profile, the greater the likelihood that
the wood pores will block before the polymer reaches the
core. This phenomenon occurs because greater pressure
must be applied to ensure that the polymer penetrates
to the core of the timber and to overcome the capillary
effect of the pores in the wood.

4 ANDERSSON et al. 2006, 3644.
5 ZHAO — GRANICK 2004.

6 KAHANOV 2003, 98-99.

7 ALMKVIST et al. 2013, 8-10.

8 IKYOO 2012, 8.



%100 PEG difiizyon yontemleriyle elde edilen so-
nuglar oldukea iyi olsa da, miikkemmel degildir. Kon-
servasyon igsleminde ahsabin renginin kararmasi ve
yilizeyde parafin dokusu olusmasi gibi sorunlar s6z
konusudur. Yiiksek molekiiler agirlikli PEG kulla-
nim1 nedeniyle polimerin ahsaba emdirilmesindeki
glicliik ahsabin deforme olmasina neden olmus, hatta
catlaklar ve kiriklar olusturmustur. Konservasyon ve
sonraki asamalar konusunda dnceden planlama yap-
mak sorunlarin bir kismim giderebilir. Polimerin em-
dirilmesinde yasanan gii¢liik iki agamali1 bir emdirme
yoluyla ¢ozlimlenebilir; islem birinci agamada dii-
stik molekiiler agirlikli bir polimer, daha sonra daha
yiiksek molekiiler agirlikli bir polimer kullanarak
gerceklestirilebilir. Bu yontem diisiik molekiiler agir-
likl1 polimerin ahsabin 6ziine yeterince yayilmasina
olanak saglar, yliksek molekiiler agirlikli bir polimer
ile emdirerek de ahsabin genel yapisi stabil duruma
getirilir.

Ahsaplarin boyutlarinda her bir diizlemde %5’e va-
ran bir kii¢lilmenin kabul edilebilir bir kiigiilme ve
konservasyon siirecinde basar1 oldugu diigiiniilmek-
tedir.” Dor 2001/1 batig1 ahsaplarinda elde edilen
maksimum biiziilme yiizdesi %5’in altindaydi (6l¢ii-
len maksimum biiziilme %4,9 idi), bu yilizden kon-
servasyon isleminin bagarili oldugu diigiiniilebilir.
Bu projenin son asamasinda ahsaplar bir araya geti-
rilerek govde kismi stabil ve izlenen bir ortamda bir
miizede sergilenecektir.

9 STAMM — TARKOW 1947, 505; GRAVES 2004, 16.
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Results for the 100% PEG diffusion methods are
quite good, but not perfect. There are problems in
the conservation process, such as the wood colour
turning darker, and wax texture on the surface. Due
to the use of high molecular weight PEG, difficulty
in impregnation of the polymer into the wood caused
the wood to deform and even created cracks and
fractures. Planning ahead for the conservation and
further steps can eliminate some of the problems.
The difficulty in impregnation of the polymer can
be solved by using two-step impregnation, with the
first step being made using a low molecular weight
polymer, and only then a higher molecular weight
polymer. This method allows efficient diffusion
of the low molecular weight polymer into the core
of the timber, and stabilizes its overall structure by
impregnating with a high molecular weight polymer.
A shrinkage of up to 5% of the dimensions of the
timbers in each plane is considered a reasonable
contraction and success in the conservation process.”
The percentage of maximum shrinkage obtained for
the Dor 2001/1 shipwreck timbers was less than 5%
(the maximum shrinkage measured was 4.9%), and
therefore the conservation process can be considered
successful. The final stage of this project will be the
reassembly of the timbers and presenting the hull
section as a museum display in a stable and monitored
environment.

9 STAMM — TARKOW 1947, 505; GRAVES 2004, 16.
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Catlaklarin 6zellikleri
Ahsap Ahsabin tiirii Hiicresel Civi inlik | Genisli
yapilar sayisi Catlagin yeri Catlak Derinlik enislik Uzunluk Notlar
sayis1 [mm] [mm] [em]
. . S Kaplama
SE7 govde Cup ressus Traheid 9 Ahsap lif . 10 um 3 12 170 boyunca Teredo
kaplamasi sempervirens boyunca catlaklar |  {izerinde .
navalis
avie Pinus brutia Traheid | Yok Absap 1if 2 1.8 134 52,6 -
aplama boyunca catlaklar
SE4 govde Cupressus Traheid 8 Ahsap 1if 2 2,6 12,8 130,6 Yiizeyde
kaplamasi sempervirens boyunca catlaklar
SE4-2 govde Cupres:ms 5 _ Yok 3 12 108 _
kaplamasi sempervirens Traheid
iy Pinus brutia Traheid Yok Ahsap 1if 4 24 1 ) Bir adet uzun
aplamast boyunca ¢atlaklar catlak
SE3 govde Cupres;us Traheid Yok Ahgsap lif ) 10 un 28 14 778 B
kaplamasi sempervirens boyunca catlaklar iizerinde
. Ahsap lif 10’un
FB3 dogek B B 10 boyunca kirik iizerinde 12 11,2 1034 B
Ahsap lif Derin
F22 dosek Tamarix Gozenekler 12 olmayan ¢ok 8,6 6,8 63,6 -
boyunca kirik
sayida catlak
Lodic Pinus brutia Traheid | Yok Absap lif 1 1.6 12,5 45 -
aplama boyunca gatlak
SE10 N govde Cup ressis Traheid 16 Yer yer kiriklar .. 10 un 6,8 8,2 103 -
kaplamasi sempervirens tizerinde
Dort . Derin
Kontra Que;_’cus Gozenekler | biyik Ahsap lif olmayan 10 11 133,6 -
omurga coccifera H boyunca ¢atlaklar
¢ivi catlaklar
ic omurga Cupressus . Ahgsap lif 10’un -
Destegi W1 sempervirens Traheid 2 boyunca catlaklar iizerinde 6,6 7.8 127
Tablo 1: Dor 2001/1 batig1 ahsaplarindaki ¢atlaklarla ilgili 6zet
Crack characteristics
Timber Wood species Cellular No. of nails No. of Depth | Width L h
structures ) Crack location 0- 0 ept idt engt Notes
cracks [mm] [mm] [em]
SE7 hull Cupressus . Cracks along More than Teredo navalis all
plank sempervirens Tracheid o wood fibre 10 3 12 170 through plank
C10 Cracks alon;
ceiling Pinus brutia Tracheid None & 2 1.8 13.4 52.6 -
wood fibre
plank
SE4hull | Cupressus Tracheid 8 Cracks along 2 26 12.8 130.6 On surface
plank sempervirens wood fibre
SE4-2 hull Cupres;us ) 5 B None 3 12 108 _
plank sempervirens Tracheid
CA ceiling Pinus brutia Tracheid None Cracks along 4 2.4 11 42 One long crack
plank wood fibre
SE3 hull Cupres;us Tracheid None Cracks along More than 23 114 7738 _
plank sempervirens wood fibre 10
FB3 floor Fracture along | More than
timber - - 10 wood fibre 10 12 1.2 1034 B
Many
F22 floor Tamarix Pores 12 Fracturealong | g0 | 8.6 65 63.6 -
timber wood fibre
cracks
Co4 Crack along
ceiling Pinus brutia Tracheid None 1 1.6 12.5 45 -
wood fibre
plank
SEION Cupressus Tracheid 16 Scattered More than 6.8 82 103 -~
hull plank sempervirens fractures 10
False keel Quefcl*us Pores Four ]arge Cracks along Shallow 10 1 133.6 B
coccifera nails wood fibre cracks
Sister
keelson Cupressus Tracheid 25 Cracksalong | More than | ¢ o 738 127 -
Wi sempervirens wood fibre 10

Table 1: Review of cracks in Dor 2001/1 shipwreck timbers
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Dor 2001/1 batig1 ahsaplarmin konservasyon iglem-
leri, konservasyon siireclerinin iyi gitmesinin ahsa-
bin fiziksel durumuna - tipinin (genis yaprak-igne
yaprak agaclar) yani sira ahsabin bozunma derecesi-
ne - bagl oldugunu gdstermistir. Bu ¢aligmada ciddi
bozunma gozlenen genis yaprakli agaglarin en iyi iki
asamali bir emdirme yoluyla korundugu, ahsapta cat-
lak ve egrilme olusumunun engellendigi gdsterilmis-
tir. Ahsap once diisiik molekiiler agirlikli (400) PEG
icinde bekletilerek %30 doygunluga ulastirilmalidir.
Bu asamada PEG ahsaba niifuz ederek 6ziinii stabil
hale getirir. Daha sonra ahsap yliksek molekiiler agir-
likli PEG (4000) i¢inde bekletilerek polimerin oda
sicakliginda kalmasi ve ahsabin stabil hale gelmesi
saglanir. Ahsabin 6zlinii stabil hale getirmeye gerek
olmadigindan, igne yaprakli agaglar en iyi sadece
ikinci agama kullanilarak korunmaktadir.
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CONCLUSIONS

The conservation of the Dor2001/1 shipwreck timbers
demonstrated that an optimal conservation processes
depends on the physical condition of the wood —
the extent to which the wood has degraded, as well
as on the type of wood (hardwood/softwood). This
study shows that hardwoods which have undergone
severe degradation are best conserved using a two-
stage process; which prevents the formation of cracks
and warping of the wood. First the wood should be
soaked in low molecular weight (400) PEG to 30%
saturation. In this stage the PEG penetrates the wood
and stabilizes the core. Next the timber is soaked
in high molecular weight PEG (4000) so that the
polymer is stable at room temperature and the wood
is stabilized. Soft woods are best preserved using the
second step only, since there is no need to stabilize
the core.
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CANAKKALE SAVAS BATIKLARI

DALIS TURIZMINE ACILIYOR

THE SHIPWRECKS FROM THE BATTLE OF
GALLIPOLI OPENS FOR SCUBA DIVING TOURISM

* Evren TURKMENOGLU

Canakkale Savagslari Gelibolu Tarihi Alan Baskanligi
onciiliglinde, Giliney Marmara Kalkinma Ajansinin
finansal destegiyle hayata gecirilen proje ile Canakkale
kiyilarinda bulunan 1. Diinya Savag1 batiklarinin koruma
altina alinarak dalis turizmine kazandirilmasi planlaniyor.
TUBITAK Marmara Arastirma Merkezi tarafindan proje
kapsaminda Gelibolu yarimadas: kiyilarinda yiiriitiilen
deniz aragtirmalarina Istanbul Universitesi Edebiyat
Fakiiltesi 6gretim iiyesi Prof. Dr. Ufuk Kocabas ve Dr.
Ogr. Uyesi Evren Tiirkmenoglu'nun danismanlhiginda,
Sualtt Kiiltiir Kalintilarint Koruma Anabilim Dali
akademisyenleri ve lisansiistii dgrencilerinden olusan
ekip de katkida bulunuyor. Saha ¢aligmalarina da katilan
ekip su ana kadar proje alaminda 82 bilimsel dalig
gergeklestirdi. Halen devam eden deniz arastirmalart
ile su altinda kiiltiirel miras degeri tagiyan batik, deniz
alti, mithimmat, ¢esitli objeler tespit edilerek tanimlandi
ve kayit altina alindi. Tespit edilen buluntularin koruma
ve restorasyon islemleri, su alt1 ve su iistiinde sergileme
yontemleri de ¢evre kosullari goz Oniine almarak
degerlendiriliyor. Projenin pilot uygulamasi ise 27 Mayis
1915’te Seddiilbahir agiklarinda batirilan HMS Majestic
Batig1 lizerinde gerceklestiriliyor.

Ingiltere Kraliyet Donanmasina uzun yillar hizmet
eden 118 metre uzunlugundaki bu zirhli savag gemisi
yaklagik 20 metre derinlikte bulunmakta ve kullandig
top mermileri de dahil olmak {izere halen biiyiik 6l¢iide
korunmus durumdadir.

Projenin 2021 yili i¢cinde tamamlanmasiyla 1. Diinya
savasl temal ilk su alti parki olacak olan bolgenin
savas batiklar1 konusunda diinyanin en zengin dalis
noktalarindan biri haline gelerek bdlge turizmine biiylik
katki yapmasi ve ayn1 zamanda &rnek bir koruma projesi
alan1 olmas1 bekleniyor.

The shipwrecks from the First World War that lie off
the shores of the Canakkale Province will be protected
and be made available for SCUBA diving tourism with
a project financed by the Southern Marmara Region
Development Agency, and led by the Canakkale Wars,
and Gallipoli Historic Region Directorate (CATAB).
The maritime survey project on Gallipoli shores by the
Marmara Research Center of TUBITAK are guided by
Prof. Ufuk Kocabas, and Asst.Prof. Evren Tiirkmenoglu
at the Faculty of Letters of Istanbul University, with the
contributions by a team of academicians and graduate
students from the Division of Conservation of Marine
Archaeological Objects. The team also participated
in the fieldwork, and performed 82 scientific dives in
the project site so far. During the ongoing underwater
surveys, various marine archaeological finds were
identified and documented including shipwrecks,
submarines, ammunitions, and other objects. The
conservation and restoration procedures for identified
finds as well as their under- and above-water display
methods are discussed considering the environmental
conditions. A pilot study of the project is being performed
on the wreckage of HMS Majestic that foundered off
Seddiilbahir on May 27, 1915. HMS Majestic, a 421 ft
long armored battleship that served in the British Royal
Navy, currently sits in at 65 ft depth and has been mostly
preserved including its projectiles.

With the completion of the project in 2021, the area will
become the first underwater park with a theme of WW1,
and it is expected to become one of the most attractive
SCUBA diving centers with abundant number of sunken
battleships, hence, make an enormous contribution to
the tourism potential of the region as well as being an
ideal conservation project site.

* Evren Tiirkmenoglu, Dr. Ogr Uyesi, istanbul Universitesi Sualt1 Kiiltiir Kahntilarim Koruma Anabilim Dali
*Evren Tiirkmenoglu, Dr. Academic Member, Istanbul University, Division of Conservation of Marine

Archaeological Objects
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ANEMURIUM

SUALTI ARASTIRMALARI 2019
2019 UNDERWATER SURVEY CAMPAIGN IN
THE ANCIENT CITY OF ANEMURIUM

* Oktay DUMANKAYA ** Semih TOGAN
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2019 yili itibariyle Anemurium sualti arastirmalari
16.08.2019 tarihinde Kahramanmaras Siit¢ii Imam
Universitesi Arkeoloji Béliimii’nden on  kisilik
bir 6grenci ekibi ile baglamistir.! 3.24 km cevre
uzunluguna sahip olan alanin ¢aligmalarina 6ncelikli
olarak sualtindaki kiiltiir varliklariin tespitine
yonelik olarak baslanmistir. (Fig. 1). Yukarida
bahsedilen alan igerisindeki Kkiiltiir varliklarinin
nereye kadar devam ettiginin tespiti kiyidan agiga
dogru kag metrede son buldugunu belirlemek
amaciyla ilk gozlem caligmalar1 gerceklestirilmistir.
Calismalar dogrultusunda kiy1 seridinin dogusunda
kiyidan 66 metre agikta ve 12 metre derinlikte iki
obek seklinde moloz grubu tespit edilmistir (Fig. 2).
Kiyiya yakin olan moloz y1gin1 22 metre uzunluga,
11 metre genislige ve 5 metre yiikseklige sahiptir.
Diger moloz yigm ise 48.18 metre uzunluga, 13
metre geniglige ve 3 metre yiikseklige sahiptir. iki
moloz yigin1 arasinda 4,41 metre mesafe vardir.
Parcalar halindeki moloz yiginlarinin ne oldugu ya
da hangi islevde kullanildig1 2020 yilinda planlanan
sualt1 aragtirmalarinda detayli olarak incelenecek ve
bu sorulara cevap aranacaktir.

Bu calismanin akabinde arastirma sinirlari igerisinde
tespit edilen kiiltiir varliklar1 bir plan igerisinde
degerlendirilerek  tarama  alanlart  belirlenmig
olmakla birlikte s6z konusu tarama alanlar1 plana
aktarilmistir Bu dogrultuda Alanin giineybatisinda
20 x 20 metre Olciilerinde karelere ayrilmis ve
kuzey-giiney yoniindeki hat rakamla, dogu bati
yoniindeki hat ise harflerle ayrilmistir. Yapilan
bu plankare sistemi igerisinde yer alan eserlerin
detayli envanter c¢alismalarinin yapilmasi amaciyla
bu sistem igerisindeki karolajlarda belgelenmesi
hedeflenmistir (Fig. 3). Bu amagla aragtirma siiremiz
igerisinde tespit ve belgeleme amciyla 31 adet karolaj
olusturulmustur. Batidan baslayan ve kuzey — giliney
dogrutulu devam eden sayisal sistem 5 rakamu ile
baslamis, alanin batisinda olasi bir buluntu ihtimaline
kars1 5 rakimindan diisiilecek sekilde olusturulmustur.

1 Prof. Dr. Mehmet Tekocak basgkanliginda yiiriitillen Anemurium Antik
Kenti kazilarinda yapilan sualti ¢aligmalari Kahramanmarag Siitgi imam
Universitesi ve kazi bagkanligi tarafindan desteklenmistir. Bu nedenle
Kahramanmaras Siitcii Imam Universitesi Rektorii Prof. Dr. Niyazi Can ve
rektor yardimeilarimiz Prof. Dr. Zekeriya Pak ve Prof. Dr. Kadir Saltali’ya
tesekkiir ederiz. Ayrica Anemurium Kazi bagkam Prof. Dr. Mehmet
Tekocak ve kazi ekibine destek ve yardimlarindan dolayr minnettariz. Sualti
aragtirmalarina katilan Kahramanmaras Siitcii Imam Universitesi Arkeoloji
Béliimii 6grencileri, Umit Yildirim, Akif Dere, Selguk Arslanyiirek, Ridvan
Yaprak, Riiveyda Kaymak, Ziibeyir Akilli, Ozlem Kus ve Diizce Universitesi
Arkeoloji Boliimii 6grencisi Murat Salman’a arastirma siiresi boyunca yapmis
olduklar1 6zverili ¢aligmalardan dolay: siikranlarimizi sunariz.
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The underwater survey in the ancient city of
Anemurium was initiated on 16.08.2019 by
participation of a team of 10 students from the
Archaeology Department of Kahramanmaras Siit¢ii
Imam University.! The survey in the site with a
perimeter of 3.24 km started mainly for identification
of underwater cultural assets (Fig. 1). First initial
observations focused on determining how far the
cultural assets in the above-mentioned area extended
off the shore. Surveys revealed two piles of debris at
12 m depth, 66 m off the shoreline to the east (Fig.
2). The debris pile that is closer to the shore is 22
m long, 11 m wide, and 5 m high while the other
one is 48.18 m long, 13 m wide and 3 m high. The
distance between the two piles is 4.41 m. The nature
and function of those piles will be examined in detail
as part of the 2020 underwater campaign.

Following the survey work, the cultural assets
revealed within the boundaries of the survey area
were evaluated on a grid system in order to determine
the scanning areas and plot them into a plan. Based
on this, the area was divided into 20x20 meter grids
to the southwest, and the transect in the north-south
direction was denoted by numbers, and the transect in
the east-west direction by letters. Documentation was
based on these grids in order to carry out a detailed
inventory study of the finds within the system (Fig
3). During our survey, we established 31 grids for
identification and documentation. The numerical
system initiating from the west and continuing in
the north-south direction started with the number
5, considering any potential finds to the west of the
area. However, since our work area to the east would
generally extend and the shoreline extends within a
certain line, we decided to start from the first letters

(Fig. 3).

1 The underwater survey as part of the excavations in the ancient city of
Anemurium under the direction of Prof. Mehmet Tekocak, was supported
by the Kahramanmaras Siit¢ii Imam University and the Directorate of
Excavations. Therefore, we would like to thank Prof Niyazi Can, the Rector of
Kahramanmaras Siit¢ii imam University and our Vice Rectors, Prof. Zekeriya
Pak and Prof. Kadir Saltali. We are also grateful to Prof.Mehmet Tekocak,
the Head of the Anemurium Excavations, and the excavation team for their
support and assistance. We also would like to extend our thanks to Umit
Yildirim, Akif Dere, Selguk Arslanyiirek, Ridvan Yaprak, Riiveyda Kaymak,
Ziibeyir Akilli, Ozlem Kus, the students of the at Kahramanmaras Siitcii imam
University and Murat Salman, a student of the Archaeology Department at
Diizce University for their devoted work during the survey.



Genel itibari ile alanin dogusundaki ¢aligma sahamiz
ilerleyecegi i¢in ve de kiy1 ¢izgisinin belirli bir hat
dahilinde devam etmesi sebebiyle harflerde ileriden
baglanmasi taramizca uygun goriilmemistir (Fig. 3).
Yapilmasi planlanan g¢aligmalarin nihai hedefi ise
biitiin alanin ortofoto haritalarmin tamamlanmasidir.
Ortofoto haritalarinin tamamlanmasi sonucunda su
altindaki kiiltiir varliklarmin tamamint gézlemleme
sansi elde edilmis olacaktir.Bu ¢alisma kapsaminda
marker ciktilar1 alinarak 8x8 santimetre Olciilerinde
krom plakara yapistirilmis ve sualtinda sabit kalmas1
saglanmistir. Kiyidan derine dogru giden hat
icerisinde kadrajin igerisine dahil olan markerlarin
derinlige bagli olarak degismesi sebebiyle 2 metre
araliklarla 4 adet marker yerlestirilmis ve hat boyunca
da 2 metre ilerleyerek fotograflama saglanmistir.
Bu ¢alisma sirasinda markerlarin yerlestirilmesi ve
fotograflarinin ¢ekilmesi amaciyla 5 kisilik bir ekip
aktif olarak calismistir (Fig. 4 - 5).

190 metre genigliginde 60 metre uzunlugunda
bir alanin ortofoto c¢aligmalarina baslanmis ve bu
caligmalar kapsaminda ortalama 9000 fotograf
cekilmistir.
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Maritime Archaeology Periodical

The ultimate goal of the studies is to complete the
orthophoto maps of the entire area so that, afterwards,
we will have the opportunity to examine all of the
underwater cultural assets at the site. Within the
scope of this study, the markers were printed out and
installed and fixed onto 8x8 cm chrome plates under
the water. Since the place of markers included in the
grid vary depending on the depth in the transect from
the shore to the deep parts, 4 markers were placed at
2 meters intervals and photographing was carried out
by moving 2 meters further along the line. During this
study, a team of 5 people actively worked to install
the markers and take their photos (Figs. 4 - 5). We
started orthophoto mapping of an area of 190 m wide
and 60 m long, and an average of 9000 photographs
were taken within the scope of these studies. The
same work will be repeated in other fields that are
included in our survey area in 2020.

Within the scope of the documentation and inventory
studies carried out simultaneously with the orthophoto
mapping studies, detailed examinations were made
within the tracks and a large number of artifacts were
identified (Fig. 6).

While going from the shore towards the offshore, a
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2020 yili igerisinde planlamis oldugumuz aragtirma
sahamiza dahil olan diger alanlarda da aym
calismalarimiza devam edilecektir.

Ortofoto harita c¢aligmalar1 ile eszamanli olarak
gergeklestirilen  belgeleme  ve  envanterleme
caligmalart  kapsaminda  kulvarlar  igerisinde
detayli incelemeler yapilmis ve c¢ok sayida eser
tespit edilmistir (Fig. 6). Kiyidan derinlere dogru
gidilirken yogun bir moloz ve bu moloz igerisinde
cok sayida mimari eleman gozlemlenirken, 60
metre agiga dogru bu moloz yiginlar1 azalarak yerini
kumluk bir zemine birakmaktadir. Bahsi gegcen alan
icerisinde tespit edilen eserler arasinda kiyida yogun
olmak {izere ¢ok sayida farkli boyutlarda granit ve
mermerden yapilmig siitunlar (Fig. 7 — 14), mermer
fon ve Korinth siitun baghklari (Fig. 15 — 18), siitun
kaideleri (Fig. 19), postament (Fig. 20) gibi baslica
eserlerin yaninda ¢ok sayida mimari parca yapilan
aragtirmalar sirasinda tespit edilmistir (Fig 21 —23).
Yukarida bahsi gegen eserlerin plankare i¢lerindeki
yerleri belirlenerek eserler kodlanmis, detayl
Olciileri alinarak sualtinda ¢izim c¢alismalar1 ve
fotograflanarak belgelenmeleri gergeklestirilmigtir
(Fig. 24).

Alanin bu yilki planlamada yer alan bolimiiniin
karelere ayrilmasi, ortofoto haritalama c¢aligmasi ve
eserlerin belgelenmesi gibi ¢alismalar sekiz giinliik
bir siire i¢erisinde tamamlanmustir.
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dense debris concentration and many architectural
elements are observed in this rubble, the concentration
of debris decrease gradually towards 60 m offshore,
being replaced with a sandy ground. Among the
artifacts found in the aforementioned area, mainly
on the shore are major finds such as columns made
of granite and marble in many different sizes (Figs.
7 - 14), marble Ionic and Corinthian column capitals
(Figs. 15 - 18), column bases (Fig.19), postaments
(Fig. 20) as well as many architectural fragments
(Figs. 21 - 23).

The location of the above-mentioned historical
artifacts was determined in the grid plan, followed
by coding of the historical artifacts, their detailed
measurement, underwater  drawing  studies,
photography and documentation (Fig. 24).

The studies such as dividing the part of the area
included in this year’s planning into grids, orthophoto
mapping and documentation of the artifacts were
completed within a period of 8 days. Within the
scope of this 8-day study, 283 dives were made in
the dual buddy system and an average of 9 hours of
active underwater work was performed.



Bu sekiz gilinliik caligma kapsaminda ikili buddy
sisteminde 283 dalig yapilmig olup giinliik ortalama
sualtinda 9 saat aktif olarak c¢alisilmistir. Arastirma
sahasinin genis bir alan1 kapsamasi sebebiyle alanin kalan
boliimiiniin belgeleme ve haritalandirma c¢alismalari
2020 yilinda yapilmak {izere arastirma sonlandirilmustir.
Anemurium Kenti’ne ait sualt1 kiiltiir varliklarinin hangi
sebeplerle sualtinda kalmis oldugu ve kentin belki
de akillarda en biiyiik soru isareti olarak kalan liman
yapisinin nerede oldugu gibi sorular ilerleyen arastirma
sezonlarinda netlik kazanmasi hedeflenmektedir.

TINA
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Since the survey area covers a large field, the
documentation and mapping studies of the remaining
part of the area were terminated to be carried out in
2020.

We aim to clarify the questions such as for whatreason
the underwater cultural assets belonging to the ancient
city of Anemurium might have been submerged and
where the harbor structure is, probably the biggest
question mark in the mind in the future campaigns.




AYDINLANMA CAGINDA CESME
DENIZ SAVASI’NIN 250. YILI SERGISI
(OGUZ AYDEMIR OZEL KOLEKSIYONU)

THE 250TH ANNIVERSARY OF THE NAVAL
BATTLE OF CESME IN THE AGE OF
ENLIGHTENMENT (PRIVATE COLLECTION OF
OGUZ AYDEMIR)

TINA Tiirkiye Sualti Arkeolojisi Vakfi Bagkani
Oguz Aydemir’in 6zel koleksiyonundan bir segki
ile hazirlanan “Aydinlanma Caginda Cesme Deniz
Savagi’nin 250. Yili” isimli sergi 7 Temmuz 2020
tarihinde izmir’in Cesme Ilgesi’nde agildi. Oguz
Aydemir tarafindan hazirlanan sergi, Covid tedbirleri
kapsaminda sinirlt sayida konuga kapilarimi acti
ve 300’e yakin konuk sergiyi inceledi. Sergi, Vakif
baskanimiz Oguz Aydemir’in son 20 yildir 6zellikle
“Aydinlanma Cag1” ve “1770 Osmanli — Rus
Deniz Savas1” lizerine yaptigl incelemelerin yani
sira uluslararas1 acik arttirmalardaki zenginlesen
koleksiyonu sayesinde hayat buldu.

Sergi salonundan genel goriiniim.
A general view of the exhibition hall.
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The exhibition called “The 250th Anniversary of the
Naval Battle of Cesme in the Age of Enlightenment”
consisting of a selection from the private collection of
Oguz Aydemir, Chairman of the Turkish Foundation
for Underwater Archacology’s (TINA) opened at the
Cesme District of Izmir on July 7, 2020. Created by
Oguz Aydemir, the exhibition opened its doors to a
limited number of guests within the scope of COVID
measures and nearly 300 guests viewed the exhibition.
The exhibition came to life thanks to the scrutiny of our
Foundation’s President, Oguz Aydemir, especially on the
“Age of Enlightenment” and “1770 Ottoman - Russian
Naval War” in the last 20 years, as well as the enriched
collection from international auctions.
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Cesme Deniz Savasi’nin 250. Y1l Sergisi / Oguz Aydemir Ozel Koleksiyonu.
The 250th Anniversary of the Naval Battle of Cesme / Private Collection of Oguz Aydemir.
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Denizcilik tarihimizin 6nemli bir noktasimi teskil
eden “1770 Osmanli — Rus Deniz Savasi” lizerine
bir¢ok caligsmanin altina imza atan Oguz Aydemir; ilk
olarak Temmuz 2006 tarihinde Cesme Miizesi’nde
“Osmanlt — Rus Deniz Savasi’m1” konu alan
6zel bir holiin agilmasini devlet protokoliiniin de
katilimiyla gergeklestirmisti. S6z konusu holdeki
gerek sergilenen objeler gerek bilgi panolari gerekse
diinyanin dort bir noktasindan toplanan materyaller
sayin Aydemir tarafindan miizeye bagislanmis;
boylece Tiirkiye’nin en gbzde tatil noktalarindan biri
olan Cesme’de konuya iligkin ilk ve tek kalic1 sergi
acilmisti. Aradan gegen 14 yil icinde Cesme Miizesi
icindeki hol on binlerce misafiri agirladi. Buna
karsin hem Izmir’in hem de denizcilik tarihimizin en
onemli olaylarindan biri olan “1770 Osmanli — Rus
Savasi’na” dair Cesme’de 2006 yilindan bu yana
baska hicbir sergileme de yapilmamistir. Bu 6nemli
serginin yani sira ayni tarihlerde Vakif baskanimiz
Oguz Aydemir ve Ali Riza Isipek’in kaleme aldig1
“1770 Cesme Deniz Savagt” kitab1 da TINA Vakfi
yaymi olarak arastirmacilarin ve konuya ilgi
duyanlarin begenisine sunulmustur.

Hackert ve Ayvazovski’nin deniz savasi tablolar.
Oil paintings of the naval battle by Hackert and Aivazovsky.
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Oguz Aydemir, who carried out many events and
activities on the “1770 Ottoman - Russian Sea War”,
which constitutes an important point of our maritime
history, was first involved in the opening of a special
hall on the “Ottoman - Russian Naval War” in July 2006
in Cesme Museum in the presence of the state protocol.
The objects exhibited in the hall, information boards
and materials collected from all over the world were
donated to the museum by Mr. Aydemir; he opened the
first and only permanent exhibition on this subject in
Cesme, one of Turkey’s most popular vacation spots.
The hall inside the Cesme Museum has hosted tens of
thousands of guests over the past 14 years. On the other
hand, no other exhibitions was held in Cesme since
2006 regarding the “1770 Ottoman - Russian War”,
which is one of the most important events for both [zmir
and our maritime history. In addition to this important
exhibition, the book “1770 Naval Battle of Cesme”
written by our President Oguz Aydemir and Ali Riza
Isipek was presented to researchers and those who are
interested in the subject as a publication of the TINA
Foundation.




“Burc-u Zafer” ve “Yevstafiy” gemilerinin maketleri.
Replicas of the battleships “Burc-u Zafer” and “Evstafi”.

7 Temmuz 2020 tarihinde ise tarihimizin bu aci
olaymin 250. yili amisina bugiline kadar yapilan
en genis kapsamli sergi acildi. Sergide cesitli
bilgilendirme panolar1 ve video gosterimler, savagin
simgesi haline gelmis “Burc-u Zafer” ve “Yevstafiy”
gemilerinin maketleri, Hackert ve Ayvazovski gibi
iki ¢cok Onemli ressamin doneme ve savasa dair
tablolar1 yer aldi. Serginin en 6zel eseri ise essiz
bir tarihi belge niteligi tasiyan Rus Amiral Kont
Orlov’un giinliikleri. Oguz Aydemir’in iilkemize
kazandirdig: giinliikler savasin tiim detaylarini bizzat
savasl yoneten Amiralin kaleminden aktariyor. Bu
detaylar arasinda Tiirk savas gemilerinin 6zelliklerini
ve mevkilerini gosteren ¢izimler de yer almaktadir.

1770 CESME DENIZ SAVAS|

17. yiizyilla birlikte Osmanli adina denizlerdeki
gerileme daha net goriilmeye baslanmis; Devlet
yonetiminin deniz giiclinii ihmal etmeye bagladigi
gozlemlenmistir. Deniz kuvvetleri ve komutanlari ise
gerileme donemine direnmeye ¢alismistir. Bunun en
acik Ornegi yine Cesme aciklarinda sergilenmistir.
IIk Deniz zaferimizin iizerinden 6 asir gegmesinin
ardindan Kaptan-1 Derya Hiiseyin Pasa 1695 yilinda
bir dizi reform gergeklestirmis; bu girisimler ilizerine
Venedik Donanmasi’na kars1 Sakiz Adasi civarinda
Koyun Adalan1 Zaferini kazanmistir. Bu zafer
kirilmay1 geciktirecek; fakat engelleyemeyecektir.
Nitekim imparatorluk Ik biiyiik toprak kaybini
Karlofca Antlagsmasi ile 1699 yilinda yasayacaktir.
Gerileme Donemi artik baglamistir.

TINA

On July 7, 2020, the most comprehensive exhibition
ever held, commemorating the 250th anniversary of this
painful event in our history. In the exhibition, various
information boards and video screenings, models
of the ships “Burc-u Zafer” (“Fortress of Victory”)
and “Evstafi”, which have become symbols of war,
and paintings of two very important painters such as
Hackert and Ayvazovski about the period and the war
were displayed. The most special work of the exhibition
was the diaries of Russian Admiral Count Orlov, which
is a unique historical document. The diaries brought by
Oguz Aydemir to our country convey all the details of
the war from the pen of the Admiral who personally
led the war. Among these details, there are drawings
showing the characteristics and positions of Turkish
warships.

THE NAVAL BATTLE OF CESMEIN 1770

With the 17th century, the decline in the seas began to
be seen more clearly for the Ottoman Empire; observed
was a state administration that started to neglect naval
power. Naval forces and their commanders tried to resist
the decline. The clearest example of this resistance was
exhibited in Cesme. Six centuries after our first Naval
victory, Captain Derya Hiiseyin Pasha made a series of
reforms in 1695; upon these attempts, Oinousses Islands
Victory near Chios Island was won against the Venetian
Navy. This victory would delay the fall; but it would
not be able to prevent it. As a matter of fact, the empire
would experience its first major loss of land in 1699
with the Treaty of Karlowitz, marking the beginning of
The Period of Decline.
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Zafer Kizilkaya, Kenan Yilmaz, Oguz Aydemir

Tarihler 1770 yilin1 gosterdiginde Baltik Denizi’nden
yelken agan Rus Donanmasi Cebelitarik iizerinden
gelerek 26 parcadan olusan Osmanli Donanmasi’ni
agir bir yenilgiye ugratir. Rus aydinlanmasi siiphesiz
bu baskina giden yol siiresince Onlerini aydinlatmas;
Ruslar kendi tarihleri adina 6nemli bir basar1 elde
etmislerdir. Bu agir yenilgi tlizerine Osmanli bir
egitim reformu baslatmigtir. Sultan III. Mustafa
cagdas bir egitim sistemi i¢inde daha donanimli
bir donanma kurmak adina bir hamle baslatmis;
Macar soylusu Baron de Tott donanmay1 iyilestirme
caligmalarinda gorevlendirilmistir. Cezayirli Gazi
Hasan Pasa ve Baron de Tott Padisahin fermaniyla,
1773 yilinda bir kurs niteligi tasiyan ve bugiinkii
anlamda “Matematik Okulu” diyebilecegimiz
“Mekteb-iRiyaziye”ile 1776 yilinda da bugiin Deniz
Miihendishanesi olarak telaffuz edilen ve Deniz
Harp Okulu Komutanligi’nin bir yerde temelini
teskil edecek olan “Tersane Hendesehanesi™ni
kurmuslardir. Tleriki yillarda, Osmanli
Imparatorlugu’nun ilk “Deniz Miihendislik Okulu”
olan Tersane Hendesehanesi’nin askeri uzantisindan
“Deniz Harp Okulu”, sivil uzantisindan da “Istanbul
Teknik Universitesi” dogacaktr.
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The Russian Navy, which sailed from the Baltic Sea
in 1770, crossed the Strait of Gibraltar and severely
defeated the Ottoman Navy, consisting of 26 vessels.
The Russian enlightenment undoubtedly illuminated
their way to this raid; and the Russians had an important
historical achievement. Upon this heavy defeat, the
Ottoman Empire started an education reform. Sultan
Mustafa I1I attempted to establish a better equipped navy
with a modern education system; and a Hungarian noble
Baron de Tott was commissioned for improvement works
in the navy.

In 1773, Cezayirli Gazi Hasan Pasha (Hasan Pasha of
Algiers) and Baron de Tott founded the “Mekteb-i
Riyaziye”, which was a course-like program and can be
called the “Mathematics School” in today’s sense, with
the decree of the Sultan, followed by foundation of the
“Tersane Hendesehanesi” (Shipyard Engineering) in
1776, which is now referred to as the Naval Engineering
Center and which would, in a way, form the basis of
the Naval Academy Command. In the following years,
the “Naval Academy” would arise from the military
extension of the “Tersane Hendesehane” while the first
“Naval Engineering School” of the Ottoman Empire,
“Istanbul Technical University” (ITU) would emerge
from its civil extension. ITU, founded in 1773, is shown
as one of the earliest technical universities in the world.



TINA

1773 yilinda kurulan ITU diinyanin en eski teknik
iniversitelerinden biri olarak  gosterilmektedir.
Siiphesiz ki tarihin tekerriir etmesine karsi en iyi
yaklagim olaylar1 hatirlamak ve dogru teshis ederek
gerekli onlemleri almaktir. Osmanli Devlet akl siireg
icinde olaylar1 dogru teshis ederek gerekli énlemleri
almig fakat ¢oOziilmenin durdurulmast agisindan
ge¢ kalmmistir. Bu aci olay diinyanin ilk teknik
iiniversitelerinden bir tanesini iilkemize kazandirarak
birgok Onemli ismin yetismesine katki saglamistir.
Gazi Mustafa Kemal Atatlirk’tin de belirttigi gibi
en 6nemli husus egitime Onem vermektir. Savag
gemisi tedarikinden evvel onlart muvaffakiyetle
sevk ve idareye muktedir kumandanlara, zabitlere,
miitehassislara ihtiyag oldugunun altini ¢izmis,
hedefini oncelikle bilimin 1s18inda egitim olarak
belirlemistir.

Oguz Aydemir’e ait 6zel koleksiyondan olusan sergi
bilimin 6nemini, aydinlanmanin 1s18inda yiiriiyen
toplumlarin farkim ¢ok daha net sekilde ortaya
koymustur.
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Rus Amiral Kont Aleksi Orlov igin II. Katerina
tarafindan bastirilan 6zel madalyon.

A medal specially minted for the Russian Admiral
Count Orlov, awarded by Catherine 1T .

Pemennes Conern crupaen
o 24" aexabpa 2019 .

spyens copelpanan MeIAT.
B IIAMSATD 250-1ETHS
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Undoubtedly, the best approach to avoid history
repeating itself is to remember the events and to take
necessary precautions with accurate diagnoses. The
intellect of the Ottoman State has taken the necessary
precautions by correctly diagnosing the events in the
process, but it was too late to prevent the collapse.
This painful event has contributed to the training of
many important names by bringing one of the world’s
first technical universities to our country. As Gazi
Mustafa Kemal Atatiirk stated, the most important
issue is to focus on education. He underlined the need
for commanders, officers, and specialists with the
ability to successfully administer, control and conduct
battleships before its procurement, and set his goal
primarily as education in the light of science.

The exhibition consisting of a private collection
belonging to Oguz Aydemir has revealed the
importance of science and the difference of societies
that walk in the light of enlightenment.

Cesme Deniz Savasi’nin 250. y1l doniimii dolayistyla Rus
Deniz Konseyi tarafindan Oguz Aydemir’e verilen madalya.
A medal awarded to Oguz Aydemir by the Russian
Maritime Council for the 250th Anniversary of the Naval
Battle of Cesme.

Sayin Lucien Arkas sergiyi ziyaret ettikten sonra
goriislerini sergi defterine yaziyor.

Mr Lucien Arkas signing the visitors’ logbook following
his visit to the exhibition.
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TINA DENIZCILIK ARKEOLOJISI DERGISI
YAZIM KURALLARI VE YAYIN ILKELERI

AMAC VE KAPSAM

TINA Denizcilik Arkeolojisi Dergisi, “Denizcilik Arkeolojisi” alaninda basta Anadolu kiyilar1 ve Akdeniz olmak {izere
diinyanin ¢esitli cografyalarinda bilimsel ¢alismalar sonucunda ulasilan 6zgiin malzeme iizerine hazirlanmis ya da ko-
nusunda 6zgiin fikirler iretmeyi amaglayan calismalari yaymlamay1 hedefler. Derginin yayin politikasina uygun olarak,
gonderilen calismalar editorler ve bilimsel hakem kurulunun kararina gére yayimn programi igine alinacaktir. Dergi icinde
makale, not, haber ve kitap bagliklar1 altinda 6zgiin makalelere, denizcilik arkeolojisi alaninda yapilan kazi ve ylizey aras-
tirmalarina, epigrafi alaninda hazirlanan ¢alismalara, kitap tanitimlarina, bilimsel tartisma ve elestiri yazilarina yer veri-
lecektir. Yaymlarin Bat1 Avrupa dillerinden birinde (Ingilizce, Almanca, Fransizca) kaleme alinmis olmasi gerekmektedir.
Bu nedenle Tiirk¢e’nin yani sira bu dillerde hazirlanmis olan makaleler de kabul edilecektir. Ancak dergi i¢indeki tiim
boliimler iki dilde Tiirkce ve ingilizce olarak yayinlanacaktir.

SURE

TINA Denizcilik Arkeolojisi Dergisi, Haziran ve Aralik aylarinda yilda iki kez yayimlanir. Yayimlanmasi istenen makalelerin
basim tarihinden en geg iki ay 6nce gonderilmis olmasi gerekmektedir. Yazilarin editor Mehmet Bezdan'a gonderilmesi gerek-
mektedir. E-posta: mehmetbezdan@gmail.com

TINA Denizcilik Arkeolojisi Dergisi’ne (bundan boyle “TINA” olarak anilacaktir) gonderilecek makaleler i¢in asagidaki ku-
rallar gegerlidir.

TINA’ya makale gonderen her yazar asagidaki kosullari kabul etmis sayilir.

OZET VE ANAHTAR KELIMELER
Tiirkce ve Yabanci dilde yazilmis birer 6zet ve her iki dilde alti adet anahtar kelime ¢aligmaya eklenmelidir.

YAZIM KURALLARI

Makaleler, Word dosyasinda yazilmis olmalidir.

Metin ve figiirler 11 punto; 6zet, dipnot, katalog ve bibliyografya 9 punto olmak iizere Times New Roman harf karakteri kul-
lanilmalidur.

Dipnotlar her sayfanin altina verilmeli ve makalenin basindan sonuna kadar sayisal siireklilik izlenmelidir.

Metin i¢inde bulunan ara basliklarda kiiciik harf kullanilmali ve koyu (bold) yazilmalidir.

Noktalama igaretlerinde dikkat edilecek hususlar;

Metin i¢inde yer alan ‘fig.’ibareleri, parantez i¢inde verilmeli; fig. ibaresinin noktasindan sonra bir bosluk birakilmali (fig.1);
ikiden fazla ardigik figiir belirtiliyorsa iki rakam arasma bosluksuz tire konulmali (fig. 3-5). Ardigik degilse, sayilar arasina
nokta ve bir tab bogluk birakilmalidir. (5, 8, 14).

Bibliyografya ve kisaltmalar kisminda bir yazar, iki soyadi tagiyorsa soyadlari 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 agiklanmali-
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 ICiN):
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, P1. 2, Fig. 8.

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

Figiirlerde ¢oziiniirlikk en az 300 dpi; format ise RAW, TIF veya JPEG olmalidir.
TINA’nin tablet ve sair formattaki versiyonlar1 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 ETIiGI:
TINA Denizcilik Arkeolojisi Dergisi’nde yayinlanan makalelerde ulusal ve uluslararasi gegerli 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 olmasi gerekmektedir. Makale ve fi-
giirler ayr1 dosyalar halinde elektronik posta veya CD’ye yiiklenerek kargo ile gonderilmelidir. Ayrica makalenin basili bir
ornegi de dosyada olmalidir.

Yazardan diizeltme istenmesi durumunda, diizeltinin en ge¢ 15 (on bes) giin i¢inde 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 ¢aligmalari 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 baska bir yerde yaymlanmadigini; makalenin iiglincii gahislarin basta
fikri haklar olmak iizere herhangi bir hakkini ihlal etmedigini; keza makale i¢inde kullanilan gorsellerin {iglincii sahislarin hak-
larini 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, yayilmasina, 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 haklar
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 taahhiit
eder.

TINA’ya makale gonderen yazarlar, yukarida yer alan “Yazim Kurallar1”, “Yayn ilkeleri” ve “Muvafakatname” i¢inde yer alan
diizenleme ve hiikiimleri kabul etmis say1lirlar.

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.

213



TINA

Bibliography (for manuscripts):
Bass, G., Van Doorninck, F. H., “A Fourth-Century Shipwreck at Yass1 Ada”, 4J4, Vol. 75, No. 1, January
1971, 27-37.

Footnote (for books):
GREEN 2004, 19.

Footnote (for manuscripts):
BASS - VAN DOORNICK 1971, 32, Pl. 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 Archacology 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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