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Soli/Pompeiopolis’in Roma Dénemi Limant:
ROMACONS 2009 Arazi Calismalan

The Roman Harbour of Pompeiopolis:
The 2009 ROMACONS Field Campaign

Christopher BRANDON — Robert L. HOHLFELDER
John Peter OLESON — Nicholas K. RAUH — Remzi YAGCI

Roma Doénemi liman kenti Pompeiopolis, Mersin yakin-
larinda Mezitli'de sahilde harabe halindedir™. Limanin
biyik bir kismi hald iyi korunmus durumdadir ve hidro-
lik beton cekirdek etrafina giizelce kenetlenmis kesme
tas duvar orglsiine sahiptir. Kismen dogal bir resif tizeri-
ne kurulmus olmasina karsin simetrik geometrik tasarim-
Ii biylk oranda yapay bir liman idi (Res. 1). Romali
miihendislerin sualtinda beton dékebilmeleri imparator-
lugun en sira disi basarilarindan biriydi. Hidrolik beton
sayesinde normalde insaatin asiri glic veya imkansiz
oldugu denizel yerlerde liman ve altyapi etkin ve ekono-
mik sekilde insa edilebiliyordu. Bu malzeme hem karada
hem de denizde, statii gostergesi olarak, Roma’nin giicii-
niin ve dehasinin gorsel bir ifadesi olarak kullaniliyordu.
i.O. 3. yy.in sonlarina dogru Pozzuoli Kérfezinde ilk kez
ortaya citkmasindan sonra s6z konusu teknoloji 1.O.
2. yy. ile I.S. 2. yy. sonu arasinda Akdeniz’in en iicra
koselerine bile cabucak ulasti. Bu teknolojinin kullanim
orneklerine Tirkiye’de Pompeiopolis’in yani sira Kyme
ve Side’de rastlanmaktadir. Pompeiopolis Limani’nin son
hali I.S. 1. yy.in sonu ile 2. yy.'in ortast ile sonu arasinda
bir dénemde insa edildi.

Sualti ingaatlari icin kullanilan Roma betonu sénmiis
kireg, pozzolona ve agrega karisimindan ibaretti. Napoli
Korfezindeki Puteoli yakininda bulunan 6zel bir volka-
nik kil olup aliminyum silikatlar agisindan zengin kum-
lar igeriyor. Bu parcaciklar su bulunan ortamda kireg ile

* Prof. Dr. R. Yagci'ya izin basvurularimiza verdigi destek ve
yardimlari igin tesekkir ediyoruz. Aragtirmamizi destekleyen
Italcementi’den Dr. E. Borgarello ve meslektaslari D. Belotti,
I. Mazza, Dr. E. Gotti ve dr. G. Vola'ya lojistik ve bilimsel
katkilari igin tesekkir ediyoruz. Arazideki yardimlari igin A.
Kaymaz'a da 6zellikle tesekkiirii borg biliyoruz.

The ancient Roman port city of Pompeiopolis lies in ruins
on the coast at Mezitli near Mersin". A large portion of
the harbour is still well preserved and comprises well
clamped ashlar masonry encasing a hydraulic concrete
core. Although founded in part on a natural reef, it was
largely an artificial harbour laid out to a symmetrical
geometric design (Fig. 1). The ability of Roman engineers
to cast concrete underwater was one of the most extraor-
dinary achievements of the Empire. Hydraulic concrete
allowed harbours and other elements of maritime infra-
structure to be constructed efficiently and economically
at marine sites where construction would otherwise have
been difficult or impossible. This material was also used
both on land and in the sea to signify status, a visible
statement of Roman power and ingenuity. After its first
appearance in the late third century B.C. in the Gulf of
Pozzuoli, this technology rapidly spread to the far ends
of the Mediterranean between the 2" century B.C. and
the 2" century A.D. Examples of the use of this technol-
ogy in Turkey exist at Kyme, Side as well as Pompeiopolis.
The final version of the harbour of Pompeiopolis was
built sometime between the end of the first and the mid-
dle to late decades of the second century A.D.

The Roman concrete used for underwater construction
consisted of a mixture of slaked lime, pozzolana and
aggregate. Pozzolana, a particular type of volcanic ash
found near the site of Puteoli in the Bay of Naples, was

* We wish to thank Prof. Dr. R. Yagci for his generously assist-
ance and support in our application for permits. Thanks also
go to Dr. E. Borgarello, of Italcementi who has supported our
research and to his colleagues Mr. D. Belotti, Mrs. I. Mazza,
Dr. E. Gotti, and Dr. G. Vola for their logistical and scientific
input. We especially thank A. Kaymaz for his assistance
in the field.
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Res. 1 1.S. 2. yy. limaninin eskiz gériintiisii (C. Brandon)

Fig. 1 Sketch impression of the 2nd century A.D. harbour
(C. Brandon)

tepkiyerek bir dizi hidrath kalsiyum aliiminat ve silikat
Uretir; bu maddeler ise atmosferik karbondioksit yoklu-
gunda —ki, sualti yapilarinin karakteristik 6zelligi budur—
bile harcin agrega ile kati bir kitle haline donismesini
saglar. Agrega (caementa), kompresyona dayanikliligi
artirip gereken har¢ miktarini azaltmak igin eklenir (J. P.
Oleson v.d., “The ROMACONS Project: A Contribution
to the Historical and Engineering Analysis of the
Hydraulic Concrete in Roman Maritime Structures”,
IINA 33.2, 2004).

Brandon, Hohlfelder ve Oleson, bu malzemenin dogasi,
ozellikle de igerigi, reaktif bilesen kaynaklari (pozzola-
na), hazirlanma sekilleri ve sualtina nasil yerlestirildigi
hakkindaki sorulara yanit aramak igin 2001 yilinda kisa-
ca ROMACONS olarak taninan Roma Denizel Beton
incelemeleri projesini kurdu. Calismanin amaci denizel
ortamlardaki hidrolik betonlardan 6rnek alip analizlerini
yaparak tutarli ve genis kapsamli kimyasal ve mekanik
test protokollerine dayanan ayrintili ve genis bir veritaba-
ni gelistirmektir. Bugiine kadar italya’da Portus (Claudius
ve Traianus donemi limanlar), Anzio, Cosa, Santa
Liberata, Baia, Portus lulius ve Egnazia, israil'de Caesarea,
Misirda iskenderiye, Girit'te Khersonisos ve Tiirkiye'de
Pompeiopolis'te toplam 63.6 lineer metrelik gekirdek
ornekleri alinmistir. Uzun siiredir Tiirkiye'deki bir Roma
limanindan cekirdek 6rnekleri almak istiyorduk ve niha-
yet 2009'da R. Yagci'nin igbirligi ile firsata ulagmis olduk.

Her iki mendirek de distan kesme tas 6rgulu cifte duvar-
la cergevelenmistir. Diizensiz araliklarda insa edilen ara
duvarlar ile dis duvarlar arasini icine hidrolik betonun
dokilecegi biyiik kutular, bir tiir kalici kaliplar halinde
bolimlenmistir (Res. 2). Dis duvarlarin hemen hemen
tek tip (1.6x0.6x0.6 m.) tas bloklarla rilen alt kisimlari-
nin kalinhgi 2.8 m.ye ulagir. Bati mendiregin dis duvari-
nin iyi korunmus bir kesiminde, tas bloklarin dizilisi
acikga goriliyor (Res. 3).

OTHER REPORTS

Res. 2 Kesme tagtan kalici kaliplara dokilen betonun
rekonstriiksiyon eskizi (C. Brandon)

Fig. 2 Reconstruction sketch of concrete laid in ashlar permanent
formwork (C. Brandon)

composed of sands rich in aluminosilicates. These parti-
cles reacted with lime in the presence of water to pro-
duce a series of hydrated calcium aluminates and sili-
cates that caused the mortar to set into a solid mass with
the aggregate even in the absence of atmospheric car-
bon dioxide, a situation characteristic of underwater
structures. The aggregate (caementa) was added to
increase the compressive strength and reduce the amount
of mortar needed (J. P. Oleson v.d., “The ROMACONS
Project: A Contribution to the Historical and Engineering
Analysis of the Hydraulic Concrete in Roman Maritime
Structures”, IINA 33.2, 2004).

Brandon, Hohlfelder, and Oleson established the Roman
Maritime Concrete Study (ROMACONS) in 2001 in
order to answer the questions about the nature of that
material, in particular its composition, the sources of the
reactive ingredient (the pozzolana), and the methods by
which it was prepared and then placed in submerged
forms. The objective of the study has been the sampling
and analysis of hydraulic concrete used in maritime set-
tings, in order to develop a detailed and extensive data-
base based on consistent and comprehensive protocols
of chemical and mechanical testing. To date, a total of
63.6 linear metres of core samples have been collected
from concrete structures at Portus (Claudian and Trajan
harbours), Anzio, Cosa, Santa Liberata, Baia, Portus
lulius, and Egnazia in lItaly, at Caesarea in Israel,
Alexandria in Egypt, Chersonisos in Crete and
Pompeiopolis in Turkey. We had long hoped to be able
to take core samples from a Roman harbour in Turkey,
and in 2009 the opportunity presented itself through the
kind collaboration of R. Yagci.
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Res. 3

Kesme tastan
marjinal duvar —
ROMACONS
Fig. 3

Ashlar

. marginal wall -
ROMACONS

ROMACONS’un denenmis ve test edilmis 6rnek alma
yonteminde, ingsaat mihendislik endustrilerince de kul-
lanilan standart elmas cekirdek sondaji ekipmani kulla-
nildi ki bu ekipman ile capi 10 cm. uzunlugu da 6 m.ye
ulasan tam stratigrafik kesitler alinabilir. Hidrolik glicli
bu donanim hem su tizerinde hem de altinda galisabili-
yor. Yalnizca bati mendirek lizerinde ve su disinda galis-
tik. Clinkl mendiregin Ust ylizeyi halen denizden 1.8 m.
yukaridadir (Res. 4). Yapr o kadar iyi korunmus durum-
dadir ki tim boy kesitini alip ana kaya temeline kadar
ulasabildik. Sondaj delinmesi iki giin stirmis ve iki
cekirdek alinabilmistir (POM.2009.01 ve POM.2009.02
(Res. 5).

Cekirdekler alindiktan sonra, olusan delikler n6tr kum
ile doldurulup tizerleri zayif hidrolik kireg harcr ile kapa-
tilmis; cekirdeklerin Gst kisimlarindan pargalar ve dere
tagl agrega ile lizerlerine kapak yapilmistir.

ilk gorsel incelemeden anlagildigina gore iki ayri tip
beton kullanilmig; altta agikca hidrolik malzeme gori-
lirken Ustlerde kiregli veya daha zayif pozzolona kireg
harci kullaniimigtir. Kimyasal ve ince kesit analizleri igin
orneklerin tim igerikleri belirlenecektir. Pompeiopolis
betonu ile daha once inceledigimiz diger betonlar ara-
sinda dikkat geken belirgin bir fark, biyiik agreganin
harca olan orantisidir. italya sahillerinde, iskenderiye ve
Caesarea’da alinan 6rneklerde ortalama %40 agrega ve
%60 har¢ saptamistik. Ancak Pompeiopolis'te agrega
%64 ile 54, harg ise %36 ile 46 arasinda degisir. Bu
oranti Roma kara yapilarindaki orana daha yakindir.

ROMACONS’un daha o6nce aldigi érneklerde oldugu
gibi buradaki 6rnekler de incelenmek ve mekanik testler
yapilmak {izere Italcementi’nin italya-Bergamo'daki aras-
tirma laboratuarlarina gétiiriildii. Onceden belirlenen

OTHER REPORTS

Res. 4

Cekirdek sondaji
(J. Oleson)

Fig. 4

Core drilling in
action (J. Oleson)

Both moles were framed on the outside by double walls
built of ashlar masonry. Crosswalls constructed at irregu-
lar intervals divided the area into large boxes to be filled
with hydraulic concrete, a type of permanent ashlar
formwork (Fig. 2). The lower portions of the outside
walls appear to be up to 2.8 m. thick, constructed with
approximately uniform stone blocks, 1.6 m. long by 0.6
m. wide and 0.6 m. deep. A well preserved section of the
outer wall of the western mole clearly shows the layout
of a course of stone blocks (Fig. 3).

ROMACONS’s tried and tested method for sampling
Roman concrete involved the use of a standard diamond
core-drilling rig, as used by the construction and civil
engineering industries, adapted over the years to be able
to take concrete cores 10 cm. in diameter and up to 6
m. long that produce a complete stratigraphic section
through the structure. Hydraulically powered, the rig
can operate both above and below water. In this instance
we only worked above water on top of the west mole,
since the top surface of the mole is currently 1.80 m.
above sea level (Fig. 4). The structure is so well pre-
served that we were able to drill down through the com-
plete height of the structure and well into the bedrock
foundation. The coring was carried out over two days in
2009 and two cores were recovered, POM.2009.01 and
POM.2009.02 (Fig. 5).

After the cores were extracted, the holes were filled with
inert sand and sealed with a weak hydraulic lime mortar,
and parts of the top sections of the cores and river cob-
ble aggregate were reinserted as a cap to the filled core
holes.

It is apparent from the initial visual inspection that there
are two distinctly different concretes, the lower layers of
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Res. 5 Liman diizeninin GIS rekonstriiksiyonu (Hava fotografi,
Prof. Dr. R. Yagci’nin izniyle)

Fig. 5 GIS Reconstruction of Harbor Alignment (Aerial photograph
courtesy of Prof. Dr. R. Yagci)

X-1sin1 fliioresans spektroskopisi (XRF), X-isini difraksiyo-
nu (XRD), X-isint mikro analizli tarama elektron mikros-
kopisi (SEM EDS), diferansiyel tarama kalorimetrisi ve
termo gravimetrik analiz (DSC TGA), petrografik analiz,
civa sizmasi gozeneklilik analizi, kompresif dayaniklilik
testi ve Young katsayisi ve ozkitle olgtimleri gibi proto-
kollerle incelenecektir.

OTHER REPORTS

a clearly hydraulic material and the upper layers of a lime
or weaker pozzolanic lime mortar. The chemical and thin
section analysis will confirm the specific make up of
each. One very marked difference between the
Pompeiopolis concrete and that we have studied at other
sites is in the proportion of large aggregate to mortar. We
have found that percentages range around 40% aggre-
gate to 60% mortar in the concrete sampled at sites
along the Italian coast, Alexandria and Caesarea, where-
as at Pompeiopolis the percentage varies from 64 to
54% aggregate and 36 to 46 % mortar. This ratio is more
akin to that found in Roman terrestrial structures.

In line with the analysis and mechanical tests that have
been carried out on previous ROMACONS concrete
samples, the cores have been taken to Italcementi’s
research laboratories in Bergamo, ltaly. There they are
being studied with an agreed set of protocols that
include X-ray fluorescence spectroscopy (XRF), X-ray dif-
fraction (XRD), scanning electron microscopy with X-ray
micro analysis (SEM EDS), differential scanning calorim-
etry and thermo gravimetric analysis (DSC TGA), petro-
graphic analysis, mercury intrusion porosity analysis,
compressive strength testing and measurements of young
modulus and density.
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