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TROPIS Vil

HEROD'S CONCRETE BARGES AT CAESAREA MARITIMA:
AN UPDATE ON THE RESEARCH CARRIED QUT IN AREA K

Since 1980 Avner Raban of the University of Haifa has directed the
study of the unique concrete filled caissons found at the end of the main
southern breakwater of the Herodian harbour of Caesarea in Israel (Fig. 1).
The extraordinary state of preservation of the concrete and its original
formwork has enabled Raban and the author to reconstruct the caissons on
paper with a reasonably high level of accuracy (Fig. 2 & 3)'. Since 1999 the
research has taken on another dimension. Following on from the study of
the formwork a parallel and expanding study is looking at the concrete itself.

It has long been recognised that Roman marine engineers were the
first to develop hydraulic concrete in the construction of harbours. This
happened in the latter part of the 2™ Century BC probably in the vicinity of
Puteoli, modern day Pozzuoli®. It appears that initially only re-active sands
(pozzolana) from the Naples area were used, which is confirmed in Vitruvius’
writings (30-20BC)°. Later other volcanic sources were used and even
crushed pottery.

If, as expected, the source of the pozzolana in the concrete in Area K
and other areas of Caesarea’s harbour can be shown to have come from the
vicinity of Vesuvius as did the raw material for the concrete in Area G (Fig.
1), it would have represented an incredible logistical achievement for the
Roman builders*. The proportions of the different ingredients lime, sand,
pozzolana, and aggregate used in the concretes can be determined by
analysing samples. If assumptions are made based on the mix described by
Vitruvius and on estimates to the extent of the concrete in the harbour moles
at Caesarea, then the volume of pozzolana used can be calculated®. There
are large concentrations of pozzolanic concrete in areas K, G and U. These
sites have been described by Raban as being the remains of “construction
islands” and were used as bases from which the breakwaters were
extended®. The extensions were a combination of rubble, sand infill and
double lines of segmented, staggered concrete blocks or pilae. The total
volume of concrete used was in excess of 30,000 m? which required
approximately 13,000 m® of pozzolana when allowances are made for
wastage, and probably much more if the overlaying structures are included®.
Shipping this amount of material across the Mediterranean needed
extraordinary logistical management and a massive investment in ships.
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In 1998 3 survey of Area K was Commenced with the intent to measure
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and locate the disposition of the overlaying kurkar blocks and relate them to
the concrete remains™, This would then prehaps allow proposals for the
causes and chronology of the harbour mole’s collapse to be made. in 1990
an initial survey was carried out to establish the overall massing of the site,
however, the results were inconclusive.

Due to the extremely chaotic nature of the site and often-poor visibility
and surge conventional survey methods were inefficient. A trial
photographic survey was carried out using “PhotoModeler” software that
could manipulate images to construct a three-dimensional computer
model®. It had previously been used underwater by Nick Strange, and the
Nautical Archaeology Society, on the “Mary Tavy” shipwreck in Plymouth
Sound™. To accurately establish the framework for the images and to
produce identifiable points on the amorphous masses, over 300 numbered
10cm diameter yellow plastic discs were fixed to the corners of the concrete
and kurkar blocks and 20 datum points were arrayed across the site. Nick
Rule’s direct survey method, “Web”"7, was used to locate the points in three
dimensions. Area K is approximately 40m long (north to south) and 20m
wide (east to west) and varies in depth from 1.5m to 10m. Over one
thousand direct measurements were taken by voluntesrs during a two-week
period. Each block was individually filmed on video and still images were
“captured” and fed into the PhotoModeler programme. The intent was to
generate a three dimensional image of each block that couid be hung onto
the web generated model of the site. Difficulties arose in trying to identify
common points or features from one image to another and sometimes this
proved impossible. It was concluded that more reference points were
needed to allow this technique to work. One method that may prove to be
feasible is to drape a weighted net over each biock during fiiming. The net
would then be moved from block to block in turn, It is hoped that over the
course of the next few seasons another attempt will be made to complete a
PhotoModeler survey over this type of terrain. There are, of course,
alternative methods available for surveying these structures. These range
from measuring each element and feature individually by “hand, eye and
tape-measure” ( found to be almost impossible to use on this type of terrain)
to very high resolution swath bathemetry sonar systems, or even the
“SHARPS” (Sonic High Accuracy Ranging and Positioning System) as used
on the Dokos project™. Area K is an ideal testing site for shallow water three-
dimensional mapping. Once an accurate remote sensing co-ordinated
survey system is affordable and readily available on the open market
(systems are currently available to the Mititary and Oil and Gas Exploration
companies) then studies of numerous harbour sites around the
Mediterranean could be carried out. The importance of recording these sites
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cannot be over emphasised. So many harbour remains have already been
lost to coastal development; time is not on our side™.

During the 1998 and 1999 seasons Avner Raban conducted a study of
the so-called “towers” at the northern end of Area K, the terminus of the main
southern breakwater. These structures fit very conveniently with Josephus's
description of the towers at the entrance to the Herodian harbour®. Until
now there has been no question that they were indeed the bases of the
towers as described by Josephus. It is now apparent that these structures
have been severely dislodged. The east “tower" has been rotated by almost
90° in the vertical plane and its original position cannot be imagined.

Area K is only a very small portion, less than 1.5%, of the drowned
ancient harbour of Caesarea Maritima, yet studies have continued there
almost continually since 1990 and still it adds to our knowledge of Roman
engineering and harbour design.

Christopher Brandon
Pringle Brandon Architects
10 Bonhill Street

London EC2A 4QJ UK
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1. Site plan of Caesarea Maritima in Israel.
2. North east corner of the well preserved caisson K5.
3. Reconstruction of a K type caisson.
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