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Cements, Concrete, and Settling Barges at Sebastos:
Comparisons with Other Roman Harbor Examples and the
Descriptions of Vitruvius

Christopher Brandon
Pringle Brandon Architcs, London

Sebasos, the harbor of Cacsarea, was built on & coastine that had no natural feature
such as a bay or headland. a fact common to 2 number of Roman harbors. The resul-
ing nanmade harbors drove the Romans to conceive particular co
struction technologies that enabled them to build out into the open sea. The principal
technology they developed was hydraulic conerete which, when formed into massive
blocks that could withstand battering from the waves, provided foundations for sca-
walls,

The remains of conerete struetures currently lying underwater at Caesarea Maritima
exhibit prime examples of Roman concrete engineering skills. This chapter exa
these remaing and compares them with a few relevant esamples from other Roman
harbor sites and with the descriptions provided by Vitruvius. In particular, the new
evidence that has been revealed from excavations in area K at Caesarea has enabled
a reinnerpretation 10 be made of Viruvius” typology of construction technig
ko of previous sudies o his, notably by Blackman, Olson, and Yorke and David-

The innovative style of Roman imperial architecture was significantly due 1o the
development of structural concrete, ability (0 be shaped and (o rans-
fer loads, which owed it origins o the Grecks who had used it in a fimited manner,
for example, as a means of leveling courses of stone. The Romans realized the full
porential of this material and used it for a vasiety of purposes including in foundations,
within structural cores in walls, and in arches, vaults, and domes (such as in the 43 m
diameter concrete dome of the Pantheon in Rome built around 120 C.E. and sill

cs and

Previons relevant disusions on Rornan Larbor tehyology are el n D. . Backis” ncicns

Haebours it the Meciterrangan.” [\ 11 (1962, 79101, 165 2115 . P. Oleson, “The Techology of

Rorman Hasbosin,” [N 17 (1963, 147-57; ], B. Olesos and G. Branion, “The Technalogy of Ring

Herod's Harbour” in Casaro P, #-67; and R. A. Yorke and D. P. Davidhon, “Survey of Buiklng.

Techniques at Romsan Harboars of Cartiage and Some Other North Afican Ports” n A. Kaban, e

Hasbos Achandoy: Prsdigs of o i Insrasinal 1inkio on Ancint Motimevon Harkors, BAR. I
1085, 157 61
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2% CHAPTER TWO

i its hydsaulic form in sub-
pect of Roman e

standing today). However, it is the wse of this mater
arine structures that is arguably the most intriguing
chnology
Roman concrete differed from modern concrete not only in ts chemical makeup but
o in the manner in which it was placed. 1t was actually ud sand mortr,
o which Large lumps of aggreate, approximately 100300 mm. in length, were ind
vidually placed by hand, building up its mass layer by layer. For increased strength
and for hydraulic wses, volcanic sand (pozzolana) was added (o the mix a5 well as
erushed pottery o tiles ? Mod

neering

4 misture of cement fan amal-
gamation of fime, clay, and n aguegate, being usi-
lly a sharp sand, and a coarse aggregate comprising crushed stone, approsimatcly 2
. in diameter. Unlike Roman concrete, the ingredients are all mixed together dry
before water is added and the material poured in the formwork.
It must have been in the vieinity of Putcolf that the large-sale we of pozzolana in
underwater stuctures was conceived and perfected, probably by wial and error, dur-
es of one of the numeraus ports and harbor facil-
in that region. Vitruvius provides some of the only surviving descriptions of con-
a methods from the Roman era, and he includes references 10 the wse of
ulic conerete in the building of harbors. In book 2 he describes
als for Roman conereic:

em concrete, however

allc sals) combined with

ing the construction of the carly ph

Shapter V, Line.

1. Lime made of close-grained stone of the harder o will b good in strct
pares . Afier sdaing it mix your mortar, if wing pitsan, i the proportons of e
pars of fand 10 one part of fime: i using e or ca-sand, mix (o pars of sand with
oneof Kme. These will be the right proportions for the composiion of the misture
Farther, if wing river o sca-sand, the additon of 4 third part compased of burnt brick,
pounded up and Sified, will ke your mortar of a hetier composiion (0 e

Chapier VI, Porzolana.

1 There is ako s Kind of povder which from nararal causes produces sstonishing
cesule, It is found in the neighbourhood of Biae and i1 the country belonging to the
towns round about Mt Vesuaus This substance, when mixed with lime and rubble, rot
only lends srenigth (o nidings of other kinds, but even shen piers of it are consiicicd
i the sea, they et hard unde water - they et inta & mas which neither the waves
For the Toree of the water can disalke

Roman engincers and bukders ended to use a pure as possible limestone 0 make thei
Time for mortar. However, this fime, which had only between 0.1 10 1.0% of clay
impuriics, produced  non-hydraulic morar, whereas if they had used limcstone with
10 207% clay, an aluminum siicate, it would hase acwally made 4 hydeaulic i,

For a descrption of Roman concrete consection, sce Virusis, The T Rk o At s
M H. Morgan (New Vork, 1960, 35 15,

* Comparisons between’ modern and Roman concrte sre dicused in 1. Adum, Rona Mt
Mot & Tcigue, rans. A, Matbeos (London, 1999, 75

i, rans. Mongan, 13-4,
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“The addition of pozzolana, with its high levels of silicate of alumina, 1 4 non-hydraulic
lime converts it to  hydraulic version. The same effect was achieved by adding
crushed potiery, again due o its source as an aluminum siicare.’

Vitruvius is very specific that the pozzolana for hydraulic structures should be
sourced from the region around Vesusius. This is confirmed by the work of Olcson
and Branton who have clearly shown that the pozzolana at Cacsarea was shipped al
the way from this region (o what is now lsracl, although there were suitable sources
much closer® Even later, during the construc udian harbor at Portus,
the volcanic sand was also imported from Baiac (the region around Vesuvius), ot
deseribed by Pliny (VH 36.70), despite the existence of exactly similar material in the
vicinity of Rome. This conservatism shows how lite they understood the chemistry of
the process and how much they relied on experience.

on of e C

“The all-important aspect when working with concrete, either above o below water, is
that it has 1o be contained within a formwork to mold it into the desired shape while
it sets. T s the design of cither the permanent or temporary containment systems, and
how they evolsed to suit the contextual variations in ste conditions, that form the basis
for understanding how Roman structures were built, and paricularly those associated
with harbors.

Yorke and Davidson have proposed  typology of formwork construction methods.”
Method 1 was the construction of formwork around or on top of natural features such
as reefs. Examples of this exist at Sabratha and possibly Thapsus. Method 2 consisted
of the ercction of pre-fabricated pancls onto driven piles. Alternatively, complete box.
scctions cauld be lowered into the water, into which the concrete was cast, cither in
flooded state or partially pumped out, Method 5 comprised forms that were completcly
prefabricated on dry land before being floated into place and sunk.

Vitruvius description of various designs of formwork used in the construction of
piers and breakwaters is, however, more relevant and has been used here in the com-
parisons of the various construction techniques that have been revealed from the exca-
ons at Caesarea and other sites” I book 5, chapter 12, Vitruvi
different types of construction, which can be summarized as follows: Type
placement of conerete within  flooded containment system; Type 2 was the casi
of conerete blocks above water on the end of a pier and after they had set allowing
them 10 setle into the sea so as 10 extend it; Type 3 was the placement of concrete
within an evacuated watertight enclosure.

If there is no river in the neighbourhood, but if there can be a roadstcad on
e, et the advances be made from the other side by means of wallsor e

one side,

T \dun, Raman Builing 73

© Oles and Branton, “Technology,” 58-60.
orke and Davidson, “Suney,” 130,

# Vs, vans. Morgan, 16264
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(CEMENTS, CONCRETE, AND SETTLING BARGES AT SEBASTOS 2

et the ccloing hicbor b thus formed. Wals which ae 10 be undewater
D conacted 2 [hows, Take dhe pvaer hich comes rom (e county emenc
i o Cumac 10 he promoniory of M, and i 1 e mortar wough i the
P 1 in the place previowsly determined, a cofferdam,
Sk i e bereen the, i o be driven down &
o theres e, dhe o surac

38, working Irom beams 2 acros: and Gl concrte fom the mortr (rugh
kst e heaped up il the ey space N hich was within the colldn i Hled
iy sl T howeven, i s 4 4 g of rare by sich plces % have bec
s above

sides formed of

Type 2

5. But i by resson of curscns o the asaults of the open sca the props canot
o e ollrdam togeier, et a plorn of the grcte posdbc g be con.
it besiing on (b round el r o & substracin; and e he oo b con-
icied wih o el surac o e dhr Ll et whie the s Mhich s o 10
e beach, opes down and ot

1t the watcr's e and at the sides o the plorm, et margina wals be
consiuced, abot onc and one bl et thick and brough up o 4 el Wi the surce
o mentioned s, It th g artbe e i vt sanl and el ol wih the
arginal wall an the sface of the padorn, Then, vpon his leve sutuce consiuct 3
lock sy e v eqired, and whet i s e, Jave i for not i than two monihe
1oy, Thet et v th gl wall which upporis the sand. T the s sl e
e by the s, anel s ill e the block 10 Full o s s By s o,
epeaied e o it the water can be

. an advanc

Type

5. But in places wher
employeed. A cofleadam
with ties, should e const

this powder s ot found, the following method must be
doutie s, <omponcd of charred Wakes Ctened together
el the appoimed plce, and cay ket made
O s s ol b packet in g the prope. Afe s acked
Conen a4 closely 2 ponbi, st up yout wtersrews, whecs, and s, and
e he pace non e by the encsure e cmpie and dred. Then, dig ot the bt
tom within the closure. 113 proves t be of carth, i must b cleard ot 1 died ol
Yo <ome 10 ol btor 3 or & <pace wider ahan the il which i 1 b b upon
L nd e e i i sonsy conssing of rubble, v, and sand

5 B 3 the plce proves 10 b sl the. biom ot be saked i pies made of
charrcd ader o ol wood, and then iled i with charcoal 2 has been prcsarbed i the
Gasof foundatons of heses and the aty walk, Fid, buid th wall of
Siomey i th bond sonc 2 long 58 possbe, o that padcury Uy uoncsin the
i may be ek toerher by the o, Then, i th i ofthe il with broken e
o masonry. 1 will this be posible o even a tones o be bt apos

s likely that Types | and 3, as described by Vitruvius, were limited 10 depths of up
(0 15 m. and possibly 2 m. Beyond these depths it would have been dificult to cor
struct a formwork enlosure (Type 1) or a watertight coflerdam (Type 3 as he has
escribed. 1t would o hve been very il 1 hand lay concrewe and sggresate
in water decper than 2 m. Type 2 could have been used o construct moles into re
atively decper water since the majority of the work was actually carricd out on the

Terminé
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30 CHAPTTR TWO

face. If the description is then literally, then an incrpretation can be made as
deseribed in figare 1, although there is no evidence from harbor sites that have been
studied to date to sugaest that this was ever done. ‘There are examples of the use of
Type 1 in 2 wumber of Roman harbors, notably Antium, Coss, and Portus.

Cosa was one of the carlest harbors 10 have used hydraulic, pozzolana-based con-
erete in the construction of s breakwater, and has been dated 1o the frst half of the
secan ry BC.E. Tt has been studied by the Cosa Port Excavations under the
dircction of Anna Marguerite McCann. The excavations revealed @ series of incgu-
Larly spaced coneretepiers, 1. e from 6.3 x 126 m. 10 63 x 105 m. on
plan, which suetched out over a distance of 150 m. from the shoreline.? These picrs
were combined with mounded rubble to form the princip vater o the harbor
in Antiquity, and the hypothetical reconstruction shows thesc conerete picrs as foun-
dations 10 a timber jeuy as well as  lighthouse setinto the end of the breakwater. The
remains of the concrete piers retain the impressions of lapped vertical boarding and
the negaives of horizontal tic-beams that pass through cach block. I s appasent 1
these piers were cast within a flooded formwork similar to Vitrwius' Type 1. Thin
narrow boards, approximately 13 cm. in width and probably with sharpeed ends,
were driven vertically into the seabed and overlapped one with another. The lap pro-
vided suflicient seal to retain the concrete but was fot watertight. Horizontal tie-beams
and extemal rails would have held the formark together and provided the strength
w0 resist the bulfeting from swell (i 2)

T is unlikely, however, as suggested by MeC
of the formwork, primarily because the purpose of lapping the boards was to enable a
reasonable seal 10 be achieved them when they were driven individually
not as a composie structure, and it is easier o drive in a board against the fac
anorher rather than side by side. A prefabricated unit would have had the boards fixed
10 a frame, and they would have been flush joincd side by side. It would have also
been very diffcult physically 1o manhandle Jarge prefabricated pancls into posiion, let
alone fix them without subjecting them to severe racking stresses. The forms were cast
i water that ranged in depth from 1.5 m. 0 2 m. The siing up around the piers by
a5 much as 2 m, as well as a change in sea level of 1 m. have resulied in the remaing
of the original picrs being substantially buried. The distinet change in material at
approximately | m. above the current sea level from & pozzolanabased material (0
agregate mix defins the original (op of the piers, which would have been 2
above the ancient sea level. Tt can thercfore be hypothesized that the original con-
erete piers were probably 4 m. in overall height. The seabed at that time was sand, as
suggested by John David Lewis, and the concrete blocks subscquently setled inta it
duc 10 tectonic Fquefaction of ner 1o parts of the breaky
er at Gacsarea.

hat there was any prefabrication

nd
of

TE K. Garda, “The Pore and Fisbery: Deserprion of the Esiant Remains and Sequence of
Comtruction,” in A M. McCann et o, Th Rora Pt and Fiy of U Princeton, 1967), 747,

LK. Guy and A M. MeCann, “Reconruct hery, and Vill” in
McCoun ct a, G, 137
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CEMENTS, CONCRETE, AND SETTLING BARGES AT SEEASTOS

Figure 2. Hypeaheical econstnucion ofa Type 1 form as used at Coss

“There is evidence that this method of construction was akso use
parts of the Claudian harbor at
ey semicireular harbor enclosure made up of two
bly 1o the cast. There are well-prescrved

castern and western moies up to about 100 m. from the
blocks were cast witin  form compriscd of Lapped ver
seabed, sccured by erosspicees and ties onto an inte

Portus, s wel as ot

piles perforate the

25 m. centers

he mole was origi

decription of the 1

ocromiann & Antio i ot in cleeirz

3l

Andium and in

al structure of piles, These ver-
erior of the moles in three or four rows at approximaicly
ly continuous with a width of about 10 m.,

o i i n . Fel, “Osservaiond sl porto
Aol g
111995, 7148, and the Cancian hasbor 3t Portasin O, Testaguzza, P Kome, 1970

Terminé
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32 CHAPTER TWO .

alhough it i mow segmented, and in parts il etains clements of the overlying con-
sruction.

“The breakwaters of Portus were constructed with  varicty of diferent medhods,
which include solid ashlar masonry, sunken. hulls filled wilh concre
formed within permanean dmber shunering that was subscquently faced wi cither
brick or ashlar and ranged dramatically in width from 3 m. 1o 17 m. A stsech of the
Tefl male was clearly constructed in the Vitwius Type | method. This is a 5.3 m.
wide conerete strip 5 m. high overall but cast onto 2 rubble foundion at 2 depth of
152 m. " Horizontal crons beams ush with the top surface. which te into serical
poss at the edges, indicate the mehod by which the vertical formwork boarding was
securcd, as suggesied by Enrico Flic.

Yorke and Davidson describe several diffrent designs of concrete shuteri
the remins of some azc well preserved i sie, However, they wer: mainiy consi
edin wet site conditions rather than underwater and are more doscly relted 10 1
restrial engincering techniques, alihough having similrites with the Type | design,

T clar that this Type 1 technique was only applicable in shallow sics, preferably

a sandy bottom which could take piles and boards being driven in, although, as
can be seen at Cosa, Portus, and Thapsus, this method also can be used on top of 2
rubbil foundation. 1 i likely that this tpe of concrete constnction was aho wsed in
parts of the breakwarer a Carsarea, alihough no clear evidence has been fourd to
date. For example. it is possible tha the concrete blocks on the southern breakvater
ecorded on survey lne 5, which measure 4.7 x 5.6 m. on plan and are 1.7 m. high,
were constructed wsing this method 12 They sl reain the impressions of horizontal
beam casts within the top surface and e n a wmbled line on 4 bed of kurkar rubble
at a current depth of 5.5 m. (. 3), although it would have been shallower in
Aniquity, probably 15 102 m. Whether the rubble was hid to recuce the depth of
water onto which the blocks were to be cast, or whether it acted o a foundation cushe
ion has yet to be established. I is kel Howeer, hat these blocks were originally part
of a continuous suetch of concr lar 0 that on the western mole at Poruus, but
when subjected o setllenent due 10 tecionic actiity, broke nto segments along the
lines of intermediate timber beams. Several other Roman batbor sites ko contain the
remains of concrete blocks which sll rtain the impressions of rber frames and cross
beams, including Astura, Misenum, Putcol, and Pyrgi

What is especially interesting about Cacsarea i the desree of sophisication i U
formwork designs of some of the orher wndenvaier conerete structures. One of these,
in arca G, was a prefabricated verion of Vitruvius Type 1, which overcame the prob-
lems asociated with tying to drive piles or boarding into 3 rocky scabed. Arca G,

1% Vi, “Onercaions” 7111

12 Testaguaza, Pos, 6001

1 Rl “Oservadoni” 91

15 Yorke and Davidson, “Survey” 161-65
)P, Olcson and A . Sherwood. i Raban, S

I

Terming @ Intemet | Mode protége - activé A~ ®100% -




image12.png
Google books  sebastos oleson B oo pvonciese s

aa B EJ  Table des matiéres ~ [« ]

Résultat 5 sur 29 dans ce livie pour sebastos oleson - ¢ Précédent Suivant, - Tout aficher

@ Lien EY Commentaires

Effacer Ia recherche

CEMENTS, CONCRETE, AND SEFTLING BARGES AT SEBASTOS 33

Figure 3. Type 1| consructed?) concete blocks on survey e 3 at Caesar, Drving by P, Dessauer
and 1. Reymtarie

Terminé
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which s at the western end of the northern breakwater, has the remains of concrete

blocks 15 x 115 m. on plan and 2 m. high.'” These blocks were cast within o form

that comprised a doubie wall of planking with a 23 cm. gap between, mounted onto

29 x 29 cm. skeeper beam (fig. 4. The interior of the structure was Strengthened by

imber ties and siuts, but there was 1o bottom or floor o it. The watertight double =

wall was a novel mctod of prov bricated form 1o

be floated out 10 the site ingact. The internal bracing provided rigidicy and countered

the racking forces as well as acting as platforms from which the enclosure could be

il Floated out along the northern breakwater, the structure cold be setled onio

an already prepared rubble seabed by simply fllng the void formed by the double wall

with porzolana coneretc. Once it was on the boitom, rocks were piled against the sides

10 ensure that it remained in place. Divers working of the internal bracing filld the

fooded structure ayer by laycr with pozzolana-biscd mortar and stonc andl tufs aggrc-

gate. As it had no botom, the conerete bonded (o the rubble bedding, illing the voids

and cnsuring a solid bearing. The clegance of this design of formvork is ouly matched

by another solu rea K14
Herod more than fkely puc enormous pressure on the archiect-cigincers and con-

wactors 1o completc the harbor within the shortest possble time. Avner Raban has

suggested that one of the ways this was achieved was by building  sumber of con-

struction islands at the outset at st

& buoyancy to enable the prefy

i that was evolved o cast the concrete in

ic locations around the perimetes of the harbor
10 serve as bases from which the breakwaters could be extended concurrendy.® A key
Tocation was at the mminas of the main outer breakwater 10 the west of the entrance
channel, However, since the depth of water in that arca was approximatcly 354 1.
o decp 10 wse a Type | formwork. It would have required laying an enormous
atit of rubble 1o reduce it to a practical working depth, a solution that was adopt-
pus 2 well as for the outer piers at Cosa and a Portus,
in arca K was not an extension of the breakwater but & starting
Fype 2 was also not 4 possible option. The design that was adopted
i of Type 3, but instead of building a double-walled, waterproof coffer-

qucs & 2 wateriight «
matrix of heams, posts, and
crent strenth of mortise and tenon jointcd
a bos, it could be prefbricaed on the shore.
nd Moated out to the designated ar

surc with a bottom. It was internally braced with
omal props in addition 0 laving the i
boasding. Since it was constructed I
line.

To date, thice of these caissons, or single

been shown 1o have been o

can, St 12750,
“The oncrete Filld Barges of King Hered'« Horbon of Scisetos” conteence
procecdings, KES Mot Nicosa, Cyprus, 1941
X, Raban, “Sehsto, the Heroelan Hasbar of Casares: How I Was il snd Operated” CALS
Nexs, Roprt o, 19 i, 197
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Figure 4, Caison design as sed in arca G, Draving by S. Talaat

same design 2" They were 14 x 7 m. on plan
at leas ha compartme
“They were built with planking, edge fas

i approximately + m. high
25 m. wide and 6.5 m. long (fig. 5)

ned with mortises and tenons which were
transfised with treenails in the same manner as raditional shell-fist ship construction
Built like barges, they were constructed on a nearby beach, and after being launched
were loaded with a layer of pozzolana-based concrete 1o a depth of 0.5 m. and allowed
0 set before being towed out 10 the site. Anchored in place, lighters and barges trans-
ferved more concrete imo them 1o seale them onto the scabed (ig. 6. Tt would have
required only 1.5 m. of fill 1o sink them, and 2s with the “G” type forms, rubble was
piled against the sides to secure them in place and (o protect them from being unde
cut. When in place on the bottom, the caisson had a freeboard of between 0.5 m. and
Im

Analysis of the coner

e in the second layer shows that it was actually not a hydraul
. but simply a lime sand mortar with a stone and wfa aggregate. This also cor
s that it was a variant of Type 3, since Vitruvius designates it as a design suitable

ations where pozzolona is not available. It has been suggested that this short-

™ Brandon, “Concrete Filld Barges
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age of what was a key ingredient was duc to there being insull
St of the project 10 huild up an adequate stock. Working off the interior framevork
the caison was filled layer by layer, with poszolana added t the upper ones (i, 7.
The caissons were sunk next o0 cach other in a loose header arrangement (i, 8.
Today the biocks appear in chaotic order lying at different depths and inclinations. As

¥ tart, tectonic subsidece caused differential setlement local 1o the
faul fines that ran adjacent to area K This movement disoinicd the suuctuses,
apening gaps between the blocks and causing variations in sculement depih

Tis bvious that these techuiques were incredibly labos
skilled resources to construct the “G” and “K” ype caissons, which we
natire only temporary structures, to  very high standard. The logisti
resources required to ship pozzolana and timber all the way from Laly to Isracl and
then 1o hand lay conerete, sometimes within flooded formwork, 10 consiruct a mole
that extended more than 500 m. in length is a feat that is hard to comprehend today

Although there are no other clear examples of these extraordinary designs of fors
work from other sites, it s likely that they were not unique o Cacsarea. Roman are
tect-cnginers had a tradition of relying on previous expericnce, and in & sensitve sit-
uation such as the construction of an Imperial harbor at Cacsarca, vithin a very tight
schedule, it is unlikely that they would have departed from any wied and tested meth-
ods. Until further archacological evidence ble from other Roman harbor sites,
it i difficut 10 judge the extent of their use or of ather variations in Vitruvius” typol-
ogy

e reuse of Caligulas barge that shipped the obelisk from Egypt 0 Rome as per-
manent formwork for conerete in the construction of part of the outer breakwater at
Portus, and the caisson at Les Laurons, although not for concrete, do sugges that the
“K” type caisson was used later elsewhere.2

The rapid demise and sculement below the sea of Cacsarea’s outer harbor provides
a unique opportunity to study in detail a largely untouched Roman Imperial harbor.
Like Porws, the harbor was constructed using numerous different methods, Further
excavations along the breakwater will inevitably expand our knowledge of Roman har-
bor technology.

1 Sec the chapter by Yoss Mt and Tlna Pereconan in his volume.
£, Nimenes andd M. Moerman, “The Romn Hasbor of Laurous Buildings &
Raban, e kel of Coutal Changs, BAR Jot. Ser, 404 Onfod, 1968, 220 32,
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‘sebastos oleson oK Further Evidence for the Use of Concrete in Ancient
Ajouter & Ma biblothéque v Harbor Construction

David J. Blackn

European Paliamens, Beussels

n

Se procurer ce live.

BRILL Aumong the most impressive features of the harbor at G e con-
erete structures built in wooden formwork, alrcady so ably d under water,
Alapage published, and discussed. These remains have given a new impetus to the search for

parallels chsewhere and to the restudy of those already known. The discussion in this
apier does not seek 10 be exhaustive, but will focus on the remains, of similar date

and/or technique to the Cacsarca structures, th

near Manscille: at Side in Pamphylia; at Anio and other sites on the coast of Latiun

Amazon France
Tave been discovered at Les Larons

Decitre and at Marseille itsell

Trouver ce lie dans une The harbor of Les Laurons is siated on the Bay of Fos fancient Fossae Marianac)
cast of the mouth of the Rhone. It probably began in the third cenury BC.E. as a

bibliothéque stmall port for the export of cut stone from quarsies just 1o the north, and as a port of
call for Jocal twaffic. Much construction dates from the frst century C.E., and the port

Trowez les libraifies prés de chez |2 may hiave become, with Fos, 2 supplementary outport 10 the siverine port of Arles. It
seems 10 have continued in use wnil the end of the seventh cenury C.E.!

Jous The harbor is protected by two breakwaters, well placed on cither side of the

entrance o provide maxinum protection for the harbor basin, which compriss three
erecks: norih. south, and east. The north ereck is fordher protected by a jeuy and
apparcaly at least partly fined by dressed stone quays: these remains were only
supesfically swdied efore being deswroyed in 1968 during the construction of
Livres sur des sujets connexes poswer station for Electricité de France - an experience which shows that the threat to
our maritime heriage comes not only from the private eneprencur! The expeicace
of archacologists a Cacsarca seems 10 have been much more positive in this respect,
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—4 A propos de ce lre Al that survives now in the north creek at Les Laurons are the building complexes
on the cast shore illa?), supplicd by an aqueduct.
sebastos oleson o The south creek contains no clear remains of harbor suuctures, and is partly filled
in. The east creck s fusther protected by a jetty projecting from it northern shore, 19
Ajouter 3 Ma bibliothéque v m. lon rroving to 7 m, and 075180 m. highs it is extended by a

number of wooden piles which seem (o I

e supported a timber landing stage. Inside.

Se procurer ce livre this jeuy to the east lies a remarkable quay, around which arc some 120 cut blocks
whose role is ot fully cleas:
BRILL The quay was consirucied in the carly first century C.E., with a supersiructure of

aut stone and a substructure of rubble il in_ prefabricated tber formwork. The
wooden caisson measures 22.90 x 220 m. and is now submerged to a depth of 1-1.5
m. Tt was clearly built out of the water. Tis floor of wide, fitted planks, presumably
intended to be watertight, was nailed 10  horizontal frame of beams (L4 x 18 cm. i
scction on the short sides and 11 x 18 em. on the long sides), and then wrned upside
down. Two longinudinal horizontal beams strengthened the floor. A total of 32 verti-
Decitre. cal rectangular piles (13 x 11 cm. in section) were dovetailed into and nailed t0 the
bortom frame of beanss; a serics of triangles and Roman numerals on the piles and on
Trower ce liwe dans une e beams close 10 the dosetais ey relates (0 the assembly of the caisson. The wall

planks ftted into grooves in the upper side of the frame beams. The excavators plau-
bibliothéque bl assume that the structure was compleied and strengihencd by an upper frame

i 10 the lower one.

The caisson was then ready 10 be lified ino the water widh ropes (remains of two
ropes were found uuder the quay strucure during excavation). Then, as it was filled
with rubble, and the woodwork became saturated and lost its buayancy, the caisson

Alapage

Amazon France

Trouvez les librairies prés de chez (=

vous slowly submerged under the weight. Groups of eylindrical timber piles were fixed ver-
sically azound the quay = clearly to hold the joints intact under the increased pressure
Tous les vendeurs » from the fill and to keep the caisson in position; they were almost certainly driven in
befne being anached 1o the formwork. The problems of acwally gewing formsork into
Livres sur des sujets connexes position are well discussed in a recent artiele by Oleson.!

A date in the carly first century C

and this gives particular i

Caesarea and other roughly contemporary sites, and with the text of Vitruvius writien

- in the previous c The timbers of the formwork a( Les Lavrons are much less

d massive than thos dons of the caisson are longer and nar-
) . compared with 15 x 11,50 m. for the conerete block in

G a Cacsarca? there is o double walling at Les Laurons; there are no ti

s plausible for the Les Laurons quay,

. appe
erest to comparison with remains of formwork found at

Tous les autres lies »
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'4 A propos de ce livre. catenac) within the structure; and there is a floor. Oleson and Brandon assume that the
sarea caissons were prefabricated on shore and floaied into position, though this is
sebastos oleson o ot one of the methods described by Vitruius: a similar procedure must be assumed
for Les Laurons also, thoush there are differences at Les Laurons which have 1o be

Ajouter & Ma bibliothéque v explained (existence of a floor; lack of tie-bes

fication of Les Laurons by Mme Moerman,

Se procurer ce livie At Les Lausons we have evidence of wse of the latest techniqu

prise one at a site of relaive insignific joweer, arc of tra-

BRILL ditional type = the two rubble breakwaters, the fnner jetics, and the (ow lost) ashlar

quay — even though they may be of similar date. Much of the evidenee has unfort-

nately been los: again we must await the final publication 1o learn whether more can
be addded (0 the preliminary reports. I we do have to assume that contemporary so

tures were bl in different echniques, then we must suppose that particular attention

was pai o one particular feature, while other structres were constructed or recon-

structed in cheaper wadidonal methods,

Decitre. Hohlfelder had alrcady pointcd out that st the same period in Kenchreai tradition-

al rubble breakwaters were thought sufficient; he bad argued that local engineers

Trouver ce lire dans une would ot have had casy access 1o the innovatians tha distinguished Schastos. | had

argued in response that it is likely that the innovations were soon widely known, iund

the consiructions at Kenchreai must he exphined as resulting from a deliberare

choice, perhaps influenced by cconomic considerations.® If the two techniques were

wed at Les Lawrons in siructures of similar date, then we clearly do have there an

example of deliberate choice. Tt is generally accepted now that Herod imported

s as well as m Al Iy for

similar procedure must also have been wsed at Les Laurons, on a much smallr scale

o). On this we must await the final pub-

. which might sur-

nce. Most of the structures,

Alapage

Amazon France

bibliothéque

Trouvez les librairies prés de chez (=

vous

Tous les vendeurs » Ac Side in Pamphylia the NE mole was built of concrete in for
Tevel, and of ashiar above water level.? The (SE) head of the

work up 1o water
mole bears imprints

Livres sur des sujets connexes

Harboor Engincering a1 Schaston, the Husbour of Cacsarea Masiima.” in A, Rabsn, ol Habar

andsg, BAR. It Scr. 257 (Onfond, 1905, 16572 Olcsan, “Technology.” 13354 Oleson, i

Ralaa, Sz, 127305 c. 20081, 287 Raba. For the newly discovcred foromork i aeca K. N e of

- the S cabwner, s Chiitopber rardons chapter n this volume,

4 "R L. Holther. “The Bukding of the Roma Harbour at Kenehuesi: O Technologs i a New
Era.” i Rabun, o, ot Ao, B1-85; D1 J. Backasan, in 1. Malkin and R. 1. Hobelder, e

Madiemaeen Cri: Hirial et (= Mebtorone Hisial Reicw 30 [1963] 7-20. . 18,

Hablickdrs chaptc i i ol e that au viws e o e

L . Hohleker, “Buiding” 815 Olcs, “Herod and Vieunio,” 165, 160, 172 Olesr and Beanion,
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in its concrete of the formwork: horizontal planking, with vertical piles on the inner
side. The piles were 30 x 15 cm. in section. and stood at intervals of 0.80 m.; Schkiger
thought that they were wsed on the inner side at the head of the mole only, and not
on the Jong sides, but Knoblauch disagrees. The mole bead is 7.5 m. wide and 3 m.
high, with the concrete and formwork just reaching sea level”

This feature was swudicd by Schlager and discussed by him in his last public lecture
before his untimely deaths the lecture notes were prepared for publication by Knob-

A propos de ce livre.

sebastos oleson o

Ajouter & Ma bibliothéque v

Se procurer ce livie ok, whose conbuton o the studs of the harbor at Side has becn underestonat.
. His fullr studs o the arbor, n a book dhat has been fargey and unjiably

BRILL ignored, gives fuller details on this mole and on the rest of the harbor
The concrtc and fomwork consruction i wed ol in he sretch NW of the
Alapage hasbor entrances the srtch to the SE i bul of bl s mortar with asblar cing
on boch sides, and the two. gaps in it (Rien) probably srved as ani-siing devices,
‘Amazon France according 10 Knoblauch, To the NW of the harbor entrance the concrete and form-
w i bl in secchies of 10-11 ., wih sght changes i course the
Decie ot lenggh of the mole s 225 m. and s width 7 m i setch (G sl

preserves in place the lowest course of ashlar resting on the concrete; another stretch

Some 40 m. from the head of the mole, has the vpper surface of the concretc

Trouver ce lie dans une id bare and sl well preserved, with the grid of sots learly visible: che slots are 30
cm. wide and decp and 2 m. apart, and run across to the outer cdge of the mole

iblcthéque ot o two place the conercis 5 sl presceved abave the ok The precnce o cios
ers 41 e Top o the formwork serves 10 confinm the. cxcavators’ ypodhess of 4

Trouvez les librairies prés de chez | sccond, upper frame of beams in the formwork of the quay at Les Laurons.
‘Knoblaneh was able (o corret one poiat in Schliger's anil: the ioner vertcal ples

“ous were s lon the s of the mole and not only o s head: b helpflly nores dhat

these inner verticals would probably have remained in place even if the planking was
semoved and reused, and in that case would have served a useful sccondary purpose
in protecting sh it the sides of the mol

of the presence of these verticals along the sides of the mole, Knoblaueh prefers the
Livres sur des sujets connexes sceond alernaive alre doned by Schliger, hut rejected by hint: the use of dou-
bieawalled formwork.

Tous les vendeurs » 1 Furdher, in siew

" ualls when moored

Valuable new evidence for concrete and formwork constaction b becn provied by
= Enrico Felici's study of Roman harbor sites in Latium, notably Antum and Astur

el Schlager dacs ot propose a dae; Knoblauch suggests the Gb-sisd century G, bt | wold

Tous les autres lives » e e ke second ey G,
Sehbigr, “Di Texie Vitras 15053 and Ggs. 3.5 Knoblauch, Dic Hofalag

31 and fis.

Liens commerciaux i, 153-54 an g i om . ke fo st Knbianch, 29-31 and
Luxury Hotels figs, 75-77.
Luxury hotels & resorts for People e s T2 8, Knablaoch, 31 and fgs. 79-80
Schlir, 156-60 and G 7-8; Knoblauch, 31 and fss. 70-80.
who care where they stay.  Well publibed in the first volume of the new rdieloga subacquca (1993, 71104 “Oservaiors sul
KiwiCollection.com o porto ncroniano di Andio ¢ sula tecnica romana delle costruzioni portuali in ealcestruzzo,” A
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{7 A propos ce ce e atcenion by thove et n dhe s

Antium st have had a port since the Volscian period, but the principal
remains belong to the large-scale work undertaken under Nero fas atiested by
nis Nero 9. We are thus dealing with work earricd ot half a century after
and probably someshat later than Les Laurons)

jent Suivant» - Tout aficher Effacer Ia recherche

s of his work; the article deserves close

sebastos oleson o

Ajouter & Ma bibliothéque v

. The archacological remains had already received attention in the nincteenth centu-
Se procurer ce livre oy CLE nd i i the twerieh oy, by Lancian, Lugh, and Schmiedt ! The
Sl ot has comverging moles: the F. ok runs S and then curves sighty W the W mole

Tuns S fr about 100 m, from the shore and then tarns E. 10 run parale to the const
for about 850 1. overlapping the head of the £ mole to provide a protected harbor
enteance. opening casoward and. thus protected from the dominant southvestcry
Sorms Libeccio and Ponentc.
Amazon France Many previows rescarchers, including myself, had thought that the moles of the
Neronian port were buil with a system of scparate i, inked by arches, o avoid the
Tnarbor nfillg with it browght by the ftoral currcar, But Felich insists that there was
Decitre 50 such wse of pilac; in any case, e thinks that they would have provided insuffcient
protection on this exposed coast.> Lugli ako thought that there were circular aper-
res through the moles 10 help with de-sling, bus Felii puts forward two argur
agains this: 1) the fitoral current was not powerful <nough to transport it and [
Should guess that in that case it was akso 100 eeak to scour the harbor basing 2) in
any case,according to Felc, moderm harbor engincers contes the idea that such ch

Alapage

Trouver ce livre dans une

bibliothéque

Trouvez les librairies prés de chez (= el would help with the siation problem (on which 1 would comment that never-
theless we cannot exclude a priori the possiblity that Romsan harbor cgineers believed
vous tha they wndd help 1"

Most of the remains of the moles are now rubble piles submenged 10 a depth of 18
Tous les vendeurs » m.. but two sections of the E; mole and three sections of the W mole sl break sur-
face.”” These siructues were built of opus cammentician (pozzolana and wfaceous chips;
the horizontal layers of the succesive “casts” are clearly distinguishable
quality, or thickness—and th o vetical junction fines. The
structure was faced in brick, and under water a large number of c
erete, thoroughly studied by Felici, atest the use of formuwork.

Livres sur des sujets connexes

= In the E mole two "blocks” still emerge from the water, rising to 120 m, above sea
y Tevel; there is & passage hetween them, which according 1o Felici i cearly not or
Tous les autres lires » T See op. G, Ligh, “Sosio sl topogratia dellanica At Rés el Tttt Neciole &k
I ¢ Soia 4.t (1940, 153 8 acher sefeacoces in Felii. Lugh and Schiniedt exploied the fine
i it photos of Ao, aken in 103

Liens commerciaux Personal communication, Nov.
Invest Up to $5,000,000 19 Exidenc
Buy Luxury Real Estate in Israel 1962), 199-2
For Global Sophisticates Only. et e 128 e oves 111
www._rcr-Herzliya.com - “Osservazioni,” 73-74 and figs. 4-6; E mo

476 and fige 7 11: W mole 77
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nal. Borh blocks have many traces of the timber ormuwork, as hofes or impressions in
the’ conerere. Felic's analysis has shown that the moles sere buile out from shore with
a recurring “module,” with horizonial crosstimbers about 1 m. above sca level and
extending acros only part of the widdh, and vertical timber piles descending 1o the
scabed, 1% Submerged 1o the E of these two blocks™ are some
large portions of sinilar nucleus, which leads Felici to suppose that the mole was orig-
nally twice as wide ( - 1750, then the original construction method was (o
build ot from shore paralll pairs of concrete biocks ca. 6 m. wide and 2.50 . decp,
in a sort of acvancing checkerboard pattern, with imber formwork needed around two
il hee sides altematly and probably removable for re-use when the conerete was
nearly set

I the W ol three “blocks” sl emerge above sea level, rising to varions heighis.
“Thie gaps bewween them are not original — in fact, from its base 1o the N edge of the
outermost of the theee “blocks” the mole is built o a solid conerete platorm (it
wider than the mole itsclf, This plaiform has a clear outer edge, and immediaiely
beyond it “Block I was builtdireetly on the sandy scabed.!” The impeint of the tim-
ber shunering of the formwork is clearly visible on the F side of “Block L and s
slivers of timber survive on the W side. Felici adduces as parallels the imprints found

de, Portus, Canbase, and Cosa (e piers on the breakvaee 2
On “Blocks” 1 and 1 remains of the supersructure arc abo visibie. “Block 1" seems
1o have the complete sequence of cight “casts” or levels above the piais, and one of
them seems o have been 4 walkway, since it s at the same height as the floors of
structures behind the shore platform (the guti, and the level above has traces of brick
facing, Some xcrtcal timbers scem o run wp inco this level all the way from the
seabed.

The shore platform or plaer®) can be discussed only bricfly, and it must be stressed
hat reinforecd shorclincs and riverbanks must be teated as a disinet caregory tequit-
ing specific consiuction methodls, which are not necessarily idenical with those of free-
sanding harbor structuses. The shorcline at Anzio facing the barbor basin was buil
up with tayers of concrete, cast in Dlocks within formuwork, which may have been at
least partly remosed as the work progressed. A farge number of vertical postholes are
waceable up o the surviving upper surfice of the platform, and others may lic buricd
still within the concrete, The seaward edge probably served s quay; Felci cximates

Fole
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. McCan et a1, 7 Ronen o Princeton, 1967). 7378, 5152 show that he is
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mooring fciites .. bitts or other feaues indicating 2 quay fa 5. As
sebastos oleson ox Has been mentioned already. this same piata formed the foundation for the first part
of the W mole ‘which cannot have been arched — at least not a or below sea level.
Ajouter 3 Ma bibliothéque v Felic firmly dismisses Lugli's theory that there was a darscra at the base of the W

mole2?
As for the area west of the W mole, including the “West Molewto,” clear evidence
al timbers at mid-height in conerete constri
BRILL and good clear imprints were found of the bouom edge of g in

Se procurer ce livre. found for the insersion of ve:

i ing fast and (o relieve pressure on the ver-
Alapage e

The mole at Astura probably dates from the fist half of the first century C.E.. I first
Amazon France section, unming out from the sh idence of a somewhat different ¢

provides
hod: a series of filae were buil, apparently on a solid platform or plaics
Decitre. and then the space beween them was filled in, by serting a long horizontal bearn lon-
gitucinally between the pilac d into them, and then laying transverse dmbers,
and also oblique timbers seinto the pilae themselves; the longinudinal beam was sup-
ported by vertical siites. The oblique timbers (catee) scem to have held the ouer
Tormwork on the long sides, within which were poured levels of cementwork different
from that of the pilae*
TUis ot clear whether there was any inie
~ e construction of 0
ond phase the pilae beca
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w0 construction phases
them - but certainly in th
 continous mole. There are
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vous fact some indications of an
pilae 1V and T, Tater covercd by the concrete fill of phase 2, originally had brick fc-
Tous les vendeurs » ing
Thus iwo of the northern Bogamulen (arched moles) proposed by Lehmann-
Livres sur des sujets connexes Hartleben are in considerable doubt, and the only candidates left in Latium are those

eracina 1o the SE and Cenumeellac 1o the NW. We may hae 1 regard ogor-
el a5 an almost purely Campanian phenomenon, and especially of the Phicgracan
area for example, Putcol, Misenum, and Nisida. Felici thinks that the purpose of the
construction method used at Astura was 10 save time and money - caissons were con-
4 plex Jing that Lehmann-Hartlehe

ined dhat the purpose of Bogamele s harbor de-sling = it was just the s, -

ot contly 1o construct, It is worth e
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Uhere have been many references 1 the correspondence, or ot of the remins of
[sebastos dleson oK conerete and formwork construction that have been studied in recent vears, with the
Ajouter 3 Ma biblothéque methods described by Vitruvius. This has encouraged me to include o third site stid-

ied by Felic, as a rather exteme example of desiation: the port-canal of Ciree

X Felici describes the sructures at the head of the N mole (probably Nerordan. of which

Se procurer ce livre the principal feature s the re e of masive lumps of coneretc, some sill preserving

facing in apus e, Between then s Laid 3 network of Guber beams, with o

BRILL of the vertical heams inseried into holes dug through the reticulate facing of the con-

erete. The horizontal dmbers wil have held side shuttering, and then conerete st
Alapage have been poured over the intermal timber fameork

“This s very rough and ready work, but on rellction one sces that it is much ke

Amazon France many modern harbor structures in the Medicerrany

harbor installations have becn incorporated s foundations: and wht i mor

ames that the re-

where the remains of ancient

sed lumps of conereie seere 1o massive (o have been transport-

Decire. ed for re-use, then they would have had the advantage of being sculed, solid founda-
ns. The possibility of subsidence of Narbor suuctures into the scabed, and the cavs-
Trouver ce lie dans une s of this, arc an important subject which deserves fller treaument than is posible

e

bibliothéque

In his general discussion of building metbods, Felic notes that a0 Auium we see the

Trowez les libraifies prés de chez |2 use of the flooded type of caisson, made possible by the use of porzolana, and aiesi-
ed by the imprints of the side shuttering set into fresh mortars he poimns out that at
ous site like Antium it sould have been more manageable o fix the rectangle of piles (e

finainto the seabed and then add the shuttering: use of this quick-scting mortar madle
possible ‘according to Felici a modular construction, s segments already st as one
or o sides of the nest caisson. Felci alo suggests that the absence of waces of tim-
ber shuttering at the vertical joints indicates that wh
i re-useds he agrees with Oleson's angument tha the mortar s
o the bottom in tbes, and notes that at Antium, a5 clsewhere, the imprints
of the catnac are found at sea level or above. He stresses that water level provided a
demarcation benveen buiding me
= assembled abe water level 2
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'4 A propos de ce livie be watertight, even though it had a foor. Examples cited of formork which as
intended to be watertight are rather shore embankments than freesianding harbor-
sebastos oleson oK : Felic quotes as parallels the shore embankments of Lake Nemi and the siver

s . port of Minumac
Ajouter 3 Ma bibliothéque v

embank-
ille (P
brief

ting new example of timber and concrete
Se procurer ce livre ment, serving s has been discovered in |

me sie the excavator, Antoinette Hesnard, has published
BRILL reports and a fow ilus T reports speak of quays * mber or in wood
according 1o the techniques described by Vitruvius for hydraulie works.” I quote one
Alapage passage in full: “The humidity of the 1errain has preserved the tmbers of 4 caisson
and the planks ining the foundation trench of a great quay with very deep foune
Amazon France tows. The timber quay is formed of two rows of piles, between which planks are insert-
ed, re-using fragments of ships” timbers, lying on a bed of clay. The interior is filled
Decire with stones, Three buttreses, carelly shored. reinforced the consructon against the

pressure of the earth behind.
Most of this text and most of the llustrations refer to the timber quay in fro
Trouver ce lie dans une the dulia store (fist-sccond century which reminds onc of the Ron
of northern Europe. for example, London, but one illustration depicts “a

bibliothéque of the carly fist century C.E., with 4 view of the founda .
and the timbering of the construction trench,” We cagerly await a full description and

Trouvez les librairies prés de chez  |! discussion.

Jous What is lear i that the techniques used in building solid shore embankments (5

renforces) and shorcline quays e not necessarily the same as those used in building
freestanding moles and breakwaters.

Tous les vendeurs »

Livres sur des sujets connexes

4

Tous les autres lies »

Liens commerciaux

i, 97, .45 . 98 see b €. F

i, Lt nlleticita Rome, 1990, 13334 and s,

Carets d'une pirate. e
Une nouelle érotique de B. Plume ¥ S cp. A Phce ol Nerme, n L s ds disees: Mol de s & 1 e e
Stves Victora s Sevchelles Nbarcil, 1965, 53 30, e, 37,30 o pituns mone generl sccounts i Heavard, ~La decomnenic

yc i port o Mo 1 Mareh Ape e, 32575 . Howard aned . Fotquain <bort et

www_bonbon-plume com/e-book  ~ e comins de Marsille” il 200 (May 1993, 32-35 2

@ Intemet | Mode protége - activé B~ ®i0% <





image1.png
00gle sebastos oleson

‘Caesarea Maritima: a retrospective after two millenia Par Amer Raban Kenneth G. Holum

Couerture

Résultat 5 sur 29 dans ce livre pour sebastos oleson - B

—— IR CAESAREA MARITIMA

Se procurer ce livre - (

Livres sur des sujets connexes

m

Buy Luxury Real Estate in Israel
For Global Sophisticates Only
ww rcr-Herzliya com B

Terminé @ Intemet | Mode protégé : activé





