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USING DENDROCIIRONOLOGICAL METHODS TO DATE THE WOODEN
MATERIALS USED IN BALKAPANI HAN, EMINONU-ISTANBUL

Y. Dog. Dr. Unal AKKEMIK T
Ar. Gor. Nesibe DAGDEVIRENT

Abstract

In Turkey, there are numerous architectural vvorks of considerable
historical value. In niost of these, wood has been used both as the niain
supporting element and as decorative elements. These wooden elements are
used in determining the period in wvhich these buildings vvere erected or
vvhether or not tliey undervvent restoration. Dendrochronological methods
are used in order to determine this on the vvooden elements used in Balkapani
Han. The result of vvood identification shovved that the vvood used vvas oak
(Quercus L.) and that it wwas used in the years 1769-1774. This date is of
major importance since it succeeds the 1766 eartliquake. The result of this
study wvas also confirnied by the Ottoman Records including the Information
that the building suffered serious damage during the 1766 earthquake and
wvas then restored.
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1. INTRODUCTION

Duc to its geographical and cultural positions, istanbul is one of the rare cities in the
vvorld. Three distinct empires chose istanbul as their Capital : Rome with Latin origin and culture;
Byzantine in the Greek tradition and Ottoman Empire in the Turk-Islamic cultural frame. These
three empires successively stamped the city with their own characteristics. The architectural
heritage of one came to be added to that of the previous civilization. Tliey set up more or less the
same institutions at the same spots: harbours, bazaars, colleges, even government offices ali
functioned at the spots employed for the same puipose. Though the number of empires centred in
this city vvas limited to three, the civilizations and cultures under the svvay of these povverful
empires vvere numerous. Even Hagia Sophia, one of the Seven Wonders of the World, reflects the
inspiration that its architects from Asia Min6r derived from older civilization. The Galata dock
and the quarters next to it formed a sea port vvhere more languages vvere spoken than in the Tovver
of Babel. Byzantium undervvent much turbulence as a result of its age and long history. On the
shores of the Bosphoius there is a quarter called Ortakdy containing three houses of vvorship side
by side: a splendid mosque, a synagogue, and a church. Throughout the centuries ali three
moniments have survived in complete peace and harmony. This quarter symbolized the synthesis
that istanbul represents (GULERSOY 1990).

') 1.0. Orman Fakiiltesi Orman Botanigi Anabilim Dali
Yayin Komisyonuna Sunuldugu Tarih: 22.07.2002



46 UNAL AKKEMIK-NESIBE DAGDEVIREN

The old houses, churches and mosques vvere destroyed by many serious earthqiiakes in the
years 1542, 1766, 1891 ete. After these devastationings, many constructions were restored by
kceping their main characteristics. Because of this, we can date restoration years using
dendrochrological methods, and we can find vvhetlier an earthqiiake destroyed a building, by
dating just after an earthquake known and based on documents written.

The "Aegean Dendrochronology Project” undeitaken by Kuniholm and his team is the
most important and extensive study on dendrochronology carried out in our country. The projcct
has been on going for more than 25 years (KUNIHOLM 1982, 1991. 1996;
KUNIHOLM/STRIKER, 1983; KUNIHOLM ve ark. 1996; HUGHES ve ark. 2001). This project
has established a very long master ehronology of about 7000 years for species such as pine, cedar,
juniper, oak and boxwood.

Eminéni dislrict of istanbul has several cultuial and trade centres from three empires
mentioned above. One of them is Balkapani Han. Dr. Aygiil Agir, Research Assistant at the
Faculty of Architecture of istanbul Technical University has discussed the history of Balkapani
Han in her Doctorate thesis in detail. The initial construction date of the building could not be
determined. However, there are some views that it could date back to the Byzantine period
(AGIR, 1999). The aim of our paper is to determine the species of the trees used for the wooden
parts of Balkapani Han and the period when they were used.

2. MATERIAL AND METHOD

Balkapani Han, which is the subject of this study, is situated vvithin the boundaries of the
Eminéni district in istanbul. We were able to find only four specimens from the Balkapani Han.
Three of the fragments taken for the study were used on the iipper parts of the doors in the
basement of the building and one from a beam inside the wall. Four inerement cores were takci
from these pieces using an inerement borer and the cores vvere labelled and put into a box for
piotection. Prior to dendiochronological analysis, the genera of the \vood fragments vvere
identified through anatomic studies.

The eross sectional surfaces of the inerement cores vvere rectified vvith a curved knife to
enable a better vievw of the tree rings. First the rings vvere ineasured and the results vvere
transfen'ed to the Arstan and Excel programs on compiuter. Then, individual chronologies of
specimens vvere given as standardised version (It = Wt/Yt) in the Arstan program. In this method,
I: Indices, W: ravv tree-ring values, Y: the value obtained a regression and t: year.

The ehronology of specimen 1, vvhich wvas the longest of the four specimens, wvas
graphically compared to the master ehronology of Pilins nigra Arn. Due to absence of a long
master ehronology of oak species, we had to use Pinns nigra Am. master ehronology
(KUNIHOLM 1982). In this kind of studies the specimen vvhose date of usage is unknovvn must
be at least 50 years long. As specimen 1 vvas 87 years long, it vvas the First one that vvas dated.
After specimen 1 vvas dated, the chronologies of the other three specimens vvhich vvere shorter
vvere compared to that of specimen 1 and they vvere thus dated, too. A floating ehronology (an
undated ehronology) of the four specimens vvas then constructed by using arilhmetical mean
process in the Arstan program. A graphically comparison betvveen the floating ehronology and the
master ehronology vvas made again. Follovving the dating of ali specimens, the correlation
coefficients (r ) and the percentage of parallel variation (GL) betvveen ali the chronologies vvere
determined (FRITTS 1976; SCHNVEINGRUBER 1988).



USING DENDROCHRONOLOGICAL METHODS TO DATE 47

3. RESULTS

It was determined that ali four specimens vvere from Oak (Quercus L) vvoods of the vvhite
oak gloup. As oak vvood is particularly hard and its healtvvood is resistant to insects and fungi, it
is often used for the main support syslem of buildings.

After determining the kind of tree nsed, the chronology of the 87 year long specimen 1
was compared wilh the master chronology of Piniis nigra and the greatest similarity betvveen the
two was found for the years 1664-1750 (Figlre 1). A distinct similarity is observed vvlien the
specimen is analysed visually. The correlation coefficient and the GL values betvveen the Piniis
ligra master chronology and specimen 1 vvere found to be 0.43*** and 68.61*** respectively
(the symbol (***) indicates 99.9 % confidcnce level).

The chronology of specimen 1 wvas also compared to the three other shorter specimens
and the peliods of the latter vvere determined, too (Figlire 2). Specimen 2 comprises the pcriod
betvveen 1701-1746, that of specimen 3 the years 1734-1758, and specimen 4 the years 1685-
1705. The correlation coefficient and GL values of the specimens in ielation to one another and
the floating chronology have been calculatcd and the results have been given in the Table 1. As
can be observed by looking at Table 1, there is a very meaningful concordance betvveen them.
Hovvever, since specimen 4 and specimens 2 and 3 fail at different periods vvilhin the time chain,
there is no relation betvveen them.

Then, the floating chronology vvas compared vvith the master chronology (Figlre 3). The
GL value betvveen them wvas found to be 64.89*** (the symbol (***) indicates 99.9 % confidence
level) (Figire 3). Due to lacking a long oak master chronology, the chronology of Pinus nigra
(KUNIHOLM 1982), vvhich is ecologically the closest species to Oak vvas used.

Figlre 1: Comparing of specimen 1 vvith the Pinus 1iigra master chronology (KUNIHOLM 1982). The
percentage of parallel variations (GL) betvveen them vvas 68.61 %. This value vvas statistically
significant at the 99.9% confidence level. 1

Sekil I: 1 nolu drnedin Karacam ana kronoloji (KUNIHOLM 1982) ile karsilastiriimasi. Kronolojiler
arasindaki uyum vyiizdesi %68.61 dir. Bu deger %99.9 gtiven diizeyinde anlamlidir.
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Figlre 2: Comparing of specimens 2,3 and 4 vvith specimen 1. Specimen 2 \vas overlapped between the
years 1701-1746, specimen 3 vvas overlapped betvvcen the years 1734-1758 and specimen 4
wvas overlapped bctvveen the years 1685-1705 on specimen 1.

Sekil 2:  Ornek 2, 3 ve 4’iin 1 nolu &érnek ile karsilagtiriimasi. 2 1olu 6rnek 1701-1746, 3 nolu érnek 1734-
1758 ve 4 nolu 8rnek 1685-1705 yillari arasinda cakismaktadir.

Table 1: GL and correlation coefficients betvveen the chronologies of the samples and the master
clironology of Pinus nigra (KUNIIIOLM 1982).

Tablo 1:  Piuis nigra ana kronolojisi (KUNII IOLM 1982) ile 6rneklerin kronolojileri arasindaki GL (Uyum
yilzdesi) ve r (korelasyon katsayisi) degerleri.

Specimen 1 Specimen Specimen 3 Specimen 4 Floating
2 ehronology
Specimen 1 62.66* . 90.00*** 84.88***
24 70.86 15 20 86
Specimen 2 0.45** 79.17* 76.09%**
45 12 45
i * kK
Specimen 3 0.62%%* 16 0.19NS 88.00
13 24
Specimen 4 0.74%%% 21 85.71%**
20
Floating 0.89*** 0.86*** 0.80*** 092%**x
clironology 87 46 25 21

The values given on the top are those of GL and those at the bottom are the correlation coefficients.
The second values are the lengths of the overlapped years. * =95 %, ** =99 %, *** = 99.9 % confidcncc
levels NS = Non Significant
Tablonun Gst kismindakiler uyum ydizdelerini, alt boélimiinde olanlar da korelasyon Kkatsayilarini
g6stermektedir. ikinci degerler, cakisma araliklaridir. * = %95, ** =9%99, *** = %99.9 gilven dizeylerini
gostermektedir. NS = Anlamsiz.
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4. DISCUSSION AND CONCLUSION

Important information about the period when the wooden materials of the Balkapani Han
were used vvas attained follovving the completion of the analysis, measurement and comparison
carried out on the specimens. Ali the specimens vvere from the trunk of oak trees. There is an
important forest (Belgrade Forest) of approximately 5000 hectares mainly consisting of oak trees
just north of istanbul. Likevvise, there are majér oak forests in the Trace region in general. In
addition to the l'act that oak trees are durable and hard, they are also abundant in the vicinity of
istanbul and this has resulted in its extensive use in vvooden constructions. The heartvvood, vvhich
is the dark vvood around the core, is particularly resistant to insect infection and fungi. In spite of
abundance of Oak trees in Belgrade forest, vve vvere able to construct a 143 year-long oak master
chronology (AKKEMIiK/ DAGDEVIREN 2000).

was found to be 64.89%. This value vvas statistically significant at the 99.9% confidence level.

Sekil 3:  Orneklerin ortalamasindan elde edilen hareketli kronoloji (takvim yillari belli olmayan kronoloji)
ile ana kronolojinin karsilastirilmasi. iki kronoloji arasindaki uyum ytlzdesi %64.89 olup, bu deger
%99.9 guven diizeyinde anlamhdir.

In dendrochronological studies, the vvood that will be dated must contain a minimum of
40-50 rings (PLILCHER 1990). The reason for this is the fact that trees form similar rings as a
result of similar climatic conditions at the same period. For example, a 15-20 years long ring
series, will shovv similarities vvith many diflerent points of the master chronology. If the annual
ring series is at least 40-50 years long, the similarity wvill be apparent at only one section of the
master chronology. On the other hand, ring series of the same species of trees used at the same
place can be compared even if they are short because there wvill be a great similarity among them.
Such results have been reached in this study, too. Specimens 3 and 4 are very short. Comparing
these directly wvith the Piluis nigra master chronology by KUNIHOLM (1982) could lead to
eironcous results. Hovvever, vwhen compared vvith specimen 1, they shovved a great similarity in
only one period. As the similarities among the specimens are very high, it can be concluded (hat
al! the vvood specimens are from trees of the same forest. When the similarities betvveen the
specimens are analysed carefully (Figire 2), it is observed that there is a 90% similarity betvveen
specimen 1 and 4 (Table 1). These two samples are probably two pieces taken from the same
tree.

VVithin the master chronology, the specimens coincide vvith the years 1664-1758.
Meaningful relations both visually and mathematically have been found betvveen the specimens
and the master chronology. None of the specimens contains the last ring formed. This impedes
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exact dating. Hovvever, the fact that heartwood and sapwood difi'er in colour in oak and that the
specimens contain sapvvoods, facilitates dating to some extent. Specimen 3 contains a piece of
sapwood.  Normally, oak wood has a 15-20 year long light coloured sapwood section
(SCHWEINGRUBER 1988). Specimen 3 contains 4 sapvvood rings. As the last ring of this
specimen coincides vvith the year 1758 (Figire 2), when 11-16 years (15-20 years minus 4 years)
are added, the cutting year can be determined as any year within the period of 1769-1774.

istanbul suffered a major earthquake in 1766. This study has determined that the usage
date ofthe specimens is after the earthquake. This, it has been concluded that Balkapani Han wvas
damaged during the earthquake and that it vvas repaircd some time vvithin the years 1769-1774.
Had the specimens contained the last rings, the exact date to restoration could be determined. The
result obtained categorically confirms the document (AGIR 1999) found in the istanbul Kadihgi
Sicil Defteri (Records Register of the istanbul Judge), in vvhich some incidents happening in
istanbul vvere recorded, stating the orders of the Sultan for the restoration of Balkapani Han
follovving the earthqiiake of 1766.

This study contains preliminary results wvvhich are finding restoration date and
understanding the effect of the earthquake of 1766. Taking a lot of cores and samples from
constructions in old parts of istanbul, to investigate the effects of majér earthquakes occurred in
the years 1542, 1766, 1891 ete is possible.
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BALKAPANI HANI(ISTANBUL-EMINONU)’'NDA KULLANILAN
AHSAPLARIN DENDROKRONOLOJIK YONTEMLERLE TARIHLENDIRILMESI

Y. Dog. Dr. Unal AKKEMIK
Ar. Gor. Nesibe DAGDEVIREN

Kisa Ozet

Tilrkiye’de tarihi degeri yuksek olan c¢ok sayida mimari vyapi
bulunmaktadir. Bu yapilarin bir ¢cojunda ahsap malzeme, ana tasiyici ve
dekoratif eleman  olarak  kullaniimistir. Bu ahsap  malzemeler,
dendrokronolojik yéntemler yardimiyla, binalarin insa edildigi tarihi veya
restorasyon  goérip gormedigini  belirlemede  kullaniimaktadir. Bu
arastirmada, Balkapani Ham’ndaki ahsap materyallerden alinan &rnekler
Uzerinde dendrokronolojik analizler yapilmistir. Arastirmanin  amaci
ahsaplarin kullanildigi donemi saptamaktir. Oncelikle kullanilan ahsaplarin
mese (Quercns L.) cinsine ait oldugu belirlenmistir. Daha sonra tarilileme
islemine gecilmis ve 1769 - 1774 yillari arasinda kullanildigi tespit edilmistir.
Bu tarih, 1776 depreminden hemen sonrasi olmasi acisindan 6nemlidir. Bu
calisma, Han’in 1776 depreminde ciddi bir hasara ugradi§i ve daha sonra
restore edildigine dair belgelerle dogrulanmistir.

Anahtar Kelimeler: Balkapani Hani, Dendrokronoloji, Tarih belirleme

OZET

Cografi ve kiltirel konumu nedeniyle istanbul, diinyanin nadir kentlerinden biridir. Ug
farkli imparatorluk istanbul’u baskent olarak segmistir: Latin kiltiri ile Roma, Yunan
gelenekleriyle Bizans, Tirk-islam kiltar yapisiyla Osmanh imparatorlugu. Bu g imparatorluk,
kente kendi kdltirlerinin izlerini  birakmislardir. istanbul’'un  Eminéni ilgesinde bu
imparatorluklara ait ¢ok sayida kiltir ve alisveris merkezi bulunmaktadir. Bunlardan biri
Balkapani Mani’dir. iTU Mimarlik Fakiiltesinde Arastirma Gérevlisi olan Aygiil Agir, Doktora
tezinin bir béliminde hanin tarihini arastirmistir. Bu esnada bulunan odun 6rnekleri ile Han’in ne
zaman yapildigi ve onarim gecirip gecirmedigi ile ilgili bilgilere ulasiimasi ihtiyaci ortaya
cikmistir. Bunun sonucunda, Balkapani Hant’nda kullanilan ahsap malzemenin hangi taksona ait
oklugunu belirlemek ve kullanildi§i dénemi saptamak amaciyla bu calisma yapiimistir.

Calismamiza konu olan Balkapani Ham istanbul’'un Eminéni ilgesi sinirlari iginde yer
almaktadir. Bu binada yalnizca dért adet ahsap materyal bulunabilmistir. Orneklerden Ugi binanin
bodrum katindaki kapilarin st kismindan, bir tanesi ise duvarin igerisine yerlestirilmis bir kiristen
artini burgusu yardimiyla alinmistir. Dendrokronolojik analizlere ge¢cmeden odun parcalari
anatomik calismalar yardimiyla tanimlanmistir. Yillik halkalarin daha net gérilebilmesi amaciyla
artim kalemlerindeki enine kesit yiizeyleri keskin bir facaltayla dizeltilmistir. Once halkalar
6lcilmius ve sonuclar bilgisayarda Arstan ve Excel programlarina aktarilmistir. Arstan
programinda standardize edilmis bireysel kronolojiler elde edilmistir. Daha sonra bu dért érnekten
en uzun yillari kapsayan drnek 1, Pinus nigra Arn. master kronolojisiyle karsilastirmistir.
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istanbul igin, tarih belirlemede kullanilacak uzun bir mese ana kronolojisi bulunmadigindan,
ekolojik olarak ona en yakin olan karagam ana kronoloji kullaniimistir. Ornek 1tarihlendirildikten
sonra bu drnekten daha kisa olan diger ¢ drnek 6rnek |’le karsilastirilmis ve tarihlendirilmistir.
Arstan programinda aritmetik ortalama yontemi kullanilarak bu dért kronolojiden bir ortalama
kronoloji elde edilmistir. Daha sonra bu kronolojiler arasinda korelasyon katsayilari ve egrilerin
uyum ylzdesi degerleri (EUY) hesaplanmistir.

Yapilan anatomik incelemeler sonucunda dért 6rnedin de ak meseler grubuna ait mese
taksonlarindan (Quercus L.) oldugu belirlenmistir. En uzun 6rnek olan 87 yil uzunlugundaki
o6rnek 1 ve Pinns nigra Arn. master kronolojisi arasinda 1664 - 1750 yillari arasinda ylksek bir
uyum bulunmustur (Sekil 1). Bu iki kronoloji arasindaki korelasyon katsayisi ve EUY degerleri
sirasiyla 0.43*** ve 68.61*** olarak hesaplanmistir (“ *** ” 0.999 gliven diizeyinde anlamh bir
iliskiyi ifade etmektedir.). Ornek 2, 1701-1746; 6rnek 3, 1734-1758; 6rnek 4, 1685-1705 yillar
arasinda tarihlendirilmistir. Bireysel kronolojilerin birbirleri ve ortalama kronolojileri arasinda
hesaplanan korelasyon katsayilari ve EUY degerleri Tablo 1’de goérilmektedir. Bu degerler
anlamli given diizeylerine sahiptir. Ornek 4, zaman zincirinde érnek 2 ve 3'den fakli bir aralija
dismustur ve bu drneklerle hicbir iliskisi yoktur. Daha sonra hareketli kronoloji (takvim yillari
belli olmayan kronoloji) ana kronoloji ile karsilastiriimis ve aralarindaki EUY degderleri 64.89***
(“***7 0.999 guven dizeyinde anlamh bir iliskiyi ifade etmektedir.) olarak bulunmustur (Sekil 3).

Orneklerin tamaminin mese agaglarina ait oldugu belirlenmistir. istanbul’un kuzeyinde
yaklasik 5000 ha. civarinda esas olarak mese agacglarindan olusan bir orman bulunmaktadir. Mese
agaclarinin odunlarimin cok sert ve dayanikli olmasinin yaninda istanbul gevresinde bol miktarda
bulunmasi, ahsap yapilarda yogun kullanimi sonucunu dogurmustur.

Dendrokronolojik c¢alismalarda bir odun parcasi en az 40-50 yillhik halka igeriyorsa
tarihlendirilebilmektedir. Ornedin 15-20 yil uzunlugundaki yillik halka serileri ana kronolojinin
¢ok sayida farkli noktasiyla benzerlik gosterebilir. Diger yandan ayiti yerde kullanilmis, ayni
taksona ait odun parcalarinin yilhik halka serileri kisa olsalar bile bazi durumlarda
karsilastirilabilirler. Bu arastirmada 6rnek 3 ve 6rnek 4 ¢ok kisadir. Bu &rnekler dogrudan Pilns
nigra ana kronolojisiyle karsilastirilsaydi hatali sonuclara ulasilabilirdi. Bunun yerine ilk énce
ornek 1’le karsilastiriimis ve sadece bir periyotta aralarinda buyuk bir uyum gorilmustir.
Ornekler arasindaki uyumun ¢ok yiiksek olmasi nedeniyle, biitin odun pargalarinin ayni ormana
ait agaglardan alindigi sonucunu varilabilir. Ornek 1ve 6rnek 2 arasinda hesaplanan % 90 uyum
ylzdesi, bu iki 6rnegin ayni agaca ait iki parca olabilecegini géstermektedir.

Ana kronoloji iginde &rnekler 1664-1758 yillari arasinda ¢akigsmaktadir. Orneklerden
hicbiri son olusan yillik halkay! icermemektedir. Bu da tam olarak tarihlendirmeyi
engellemektedir. Genel olarak mese odunlarinin acik renkli diri odunlarinda 15-20 yillik halka
bulunmaktadir. Ornek 3, 4 yillik halkadan olusan bir parga diri odun icermektedir. Bu érnegin
son halkast 1758 yilina denk gelmektedir (Sekil 2); bu degere 11-16 yil (15-20 eksi 4 yil)
eklendiginde, agacin kesildigi y1l 1769-1774 dénemine denk gelmektedir. istanbul 1766’da biyik
bir deprem yasamistir. Bu calisma, oérneklerin alindi§ir ahsap malzemelerin kullanildigi tarihin
deprem sonrasina denk geldi§ini ortaya koymustur. Buna dayanarak Balkapani Mani’nin
depremden zarar gérdigu 1769-1774 yillari arasindaki bir zamanda restore edildigi soylenebilir.
Bu calismanin sonrasinda ulasilan, istanbul igin &nemli bir tarihi belge olan ve istanbul’da
meydana gelen bazi olaylarin kaydedildigi “istanbul Kadiligi Sicil Defteri” nde Balkapani
Mani’nin 1766 depreminden sonra, Padisah emriyle restore edildigi yer almaktadir. Bu dokiman
da, arastirmanin sonuclarini desteklemistir.
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