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When hard sciences help history
The South-West Quarter of the Palace of Phaistos
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The South-West Quarter is one of the most impressive sectors of the First Palace of Phaistos.
Preserved to a total height of 6 meters and divided into three levels (Fig. 1, First Palace of Festos,
South-West Quarter), it was filled after its destruction in part by a fill of cement mixture, called
‘astraki', which was so compact that it deformed pickaxes (Fig. 2, First Palace of Festos, South-West
Quarter. Filling in cement mix 'astraki'). For the excavator, Doro Levi, the structure was the result of
three different phases of the First Palace, each destroyed by an earthquake and then rebuilt at a higher
level, using the astraki as levelling. Levi's hypothesis was not accepted by all scholars: Nicolaos
Platon argued that the building was a single palace with three storeys (Nicolaos Platon), while for
Athanasia Kanta the astraki was a natural mixture, derived from the collapsed wall mortar hardened
by fire. Scientific approaches have made it possible to resolve this debate that has lasted almost 40

years.

One palace or three: the engineering approach

In order to solve the problem of the Levi phases, the engineers Paolo Riva and Sergio
Signorini from the University of Bergamo created a three-dimensional solid model of a part of the
Levi Quarter, starting from the excavation data (Fig. 3, Finite element model of the central core of
the South-West Quarter of the First Palace of Phaistos. Axonometric view from the southwest.). The
model was then discretized and analyzed with the finite element code ABAQUS v.5.8 (HKS 1998),
using 8-node linear isoparametric solid elements, for a total of 47891 nodes and 35268 elements. The
construction behaviour of the architecture and fill was then calculated with reference to what is known
for rocks and soils. A seismic analysis was carried out on this model by means of non-linear
equivalent static analyses with increasing forces until collapse occurred.

The two hypotheses were then tested. In the first, a three-dimensional model comprising all
three planes (Fig. 4, Multi-stage seismic analysis of the Palace. Axonometric view from the
southwest) was worked on; in the second, a model analyzing the first and second planes separately
(Fig. 5, Seismic analysis of the single multi-storey Palace. Axonometric view from the south-west).
The theoretical results obtained were compared with the current state of the ruins in order to observe



whether the collapse mechanism of the structure revealed by the ruins can be interpreted as an
evolution of that obtained through numerical analysis.

The elaboration and comparison of the numerical results of these analyses with the current
situation observed in situ at Phaistos led to the affirmation that the latter is compatible with the
collapse mechanism of a single multi-storey palace, limited to only the first two levels. Not three
overlapping buildings, therefore, but a single two-storey building. The third one, which is poorly
preserved, could instead be a remake.

Paolo Riva

Astraki: the first Portland concrete in history

Enrico Ciliberto
University of Catania - DSC

The astraki appears as a very hard composite material, a real concrete, pinkish-yellow in color,
formed from a mortar in which all kinds of inclusions such as fragments of ceramics, stones, material
of plant origin are immersed.

In Minoan Crete, astraki was already used in the pre-Palatial period at the end of the Early
Palaces for construction purposes as a covering or as a consolidation of wooden structures, as already
suggested by Enrica Fiandra. Moreover, at Phaistos astraki was also used for a specific purpose after
the earthquake that destroyed the first palace: to fill in the ruins of the ancient building to create a
platform on which to build the second.

In order to understand the composition and natural or artificial origin of astraki, Enrico
Ciliberto analyzed 15 astraki samples (Fig. 1 and 2) using scanning electron microscopy (SEM), high
spatial resolution elemental analysis (EDX), X-ray diffractometry (XRD), thermogravimetry,

differential calorimetry and magnetisation measurements at various temperatures (ZFC-FC).

The analysis

The analyses revealed a different composition to that of a mortar normally used in plaster or
as a bedding material based on calcium hydroxide, which promotes setting due to interaction with
carbon dioxide in the atmosphere. The main element is in fact not calcium as in the case of common
air mortars, but silicon, which together with aluminium gives the mixture acidic properties. The ZFC-
FC curve showed that the iron oxide contained in astraki is in the form of maghemite, a ferric oxide
with the structure of a spinel. In addition, all analyzed samples showed a water loss of about 6 per
cent at temperatures between 120°C and 500°C. This suggested the presence of water molecules
bound to crystalline silicate phases, namely hydraulic species that caused the material to set by



reaction with water rather than carbon dioxide. It was also demonstrated that the astraki mortar was
not subjected to temperatures above 400-500°C during its preparation. The presence of maghemite
and aragonite ruled out this possibility. The most plausible hypothesis is that the binder was prepared
by mixing calcium oxide (quicklime) with clay and water, thus promoting the extinguishing of lime

and the formation of hydraulic species.

Conclusions

The results of this investigation are of interest because they allowed us to answer the question
of whether the astraki was an artificial product or the result of the fire that destroyed the palace. The
latter hypothesis was ruled out, as the typical temperatures of devastating fires are above 500°, and
the investigation ruled out the possibility that the material had ever been heated in this way. Astraki
was therefore an artificial mortar and specifically a hydraulic mortar, unlike the aerial lime used in
other contexts. The hydraulic properties of astraki made it possible to fill the cavities formed by
masonry bags with a material that set well even in asphyxiated areas and possessed mechanical
properties far superior to normal lime mortars.

As in the history of concrete the realisation of hydraulic binders was only realised in modern
times by John Smeaton around 1750, it can be said that astraki was the first hydraulic cement in
history.

Enrico Ciliberto
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OTAN OI BAPIEX EHNIXTHMEX BOHOOYN THN IXTOPIA H
NOTIOAYTIKH XYNOIKIA TOY ANAKTOPOY THX ®AIXTOY

Paolo Riva - Enrico Ciliberto
MavemoTipio Tov Maépykapo - avemoriuo g Katavia, DSC

H votodvtikn cuvowia elvar évag amd Tovg mo evIvmmotlokoVs Topelg tov [pdtov
Avaktopov g Poiotod. Alwtnpeital oe cuvoAKd Vyoc 6 pétpov Kot ywpiletor o Tpia emineda
(Ew. 1, Ilpdto Avdaxtopo g Poiston, Notodutikny cuvoikia), Kot HETO TNV KOTACTPOPN TOV
vepdotnke ev pHépeL pe Eva Yépuopa omd piypo ToévTov, To Aeyouevo "aotpdkt”, To omoio ftov 1060

ocvoumayég mov mapopopemve Tig ativeg (Ew. 2, Ilpoto Avaktopo g Patotov, NOTIOdVTIKN



oLvvolikia. ZopurAnpmon pe toevrokoviopa "aotpdxt"). o v avackaeéa Doro Levi, n doun roav
TO OMOTEAEGHO TPLOV OLAPOPETIKOV (AcewV Tov [IpdTov Avaktopov, kdbe pio amnd TG omoieg
KOTAOTPAPNKE Omd Oelopd Kol OT  CULVEXELD ovolkodopnOnke o€ vYNAOTEPO  emimedo,
YPNOUOTOLMVTOC TO AGTPAKL OG 160TEdMT. H vmdOeon tov Levi dev £yve amodekt omd OA0VE TOVG
peremntés: O NikodAoog [TAdTov vrootipi&e 6TL TO KTiplo NTaV Eva EVIOTO AVAKTOPO LE TPELS 0POPOVG
(Nwodraog [TAGtwv), evd yro v ABovacio Kdvto to actpdkt nTov éva guoikod Hetypa, Tpogpyouevo
a0 TO KOVIOO TV TOiY®V TOL KOTEPPELGAV KOl GTEPEOTOMONKE amd TN POTIA. Ol EMOTNUOVIKEG

TPOGEYYIGEIS KOTEGTN OOV SLVATH TNV EXIALGN OTNE TNG SLUAYNS TTOVL dpKeETE GYeOGV 40 ypoOVIa.

"Evo avaxtopo 1 Tpio: n Tpocéyyion Tng PNy oviKng

[Tpokeévon va ertAdcovy 10 TPoAnua Tov eacewv g Agpnc, ot unyovikoi Paolo Riva
Ko Sergio Signorini artd to IMavemotpo tov Mrépykapo dnuovpynoeay £va TpiedlioToTo GTEPED
LOVTELO €VOG TUNUATOG TNG cuvolkiog tng AgPng, Eekvavtog and ta avackagkd dedopéva (Ew. 3,
Movtého TEMEPUASUEVOV GTOLXEIMV TOV KEVIPIKOD TLUPTVA TNG VOTIOOVTIKNG GLVOLKIOG TOV TPMOTOL
avaktopov ¢ Porston. Afovopetpikny amoymn amd To VOTIOOLTIKE). TN GLVEXEW, TO HOVIEAO
daywpicOnke kot avolvOnke pe Tov KOOKa TEnEPAcUEVOV otoyeiov ABAQUS v.5.8 (HKS 1998),
YPNOULOTOUDVTAG YPOLLIKO 1GOTOPAIETPIKE oTEPEd oTolyeio 8 wkOuPwv, Yy cvvorwd 47891
KOuPovg kot 35268 otoyeio. L1 cuvEXEW LTOAOYICTNKE 1 KOTOGKEVAOTIKY] GLUTEPLPOPA TNG
OPYLITEKTOVIKNG Kot TNG TANP®ONG HE BAOT TO YVOGTA Y10, TO TETPDOUOTO, KOL TO EOAPT]. TO LOVTEAO
aLTO TPOYLOTOTOMONKE CEIGUKT AVAALGT LECH UM YPOLUIK®V 1600VVOU®OV GTATIKOV OVOADCEDV
ne av&avopeves SLVALELS LEYPL Vo ETEADEL KaThppELOT).
21 ovvEyela eEAEYONKaV o1 000 VTOBEGELS. TNV TPOTN, £VA TPIGOEGTOTO LOVTELO TOL TTEPILAUPave
kot T Tplo emineda (Zy. 4, Xelopikn] avdAvon ToAAATADV 6Tadimv Tov ToAaToD. AEOVOUETPIKN
dmoymn amd To VOTIOOLTIKA)- GTO OEVTEPO, £VOL LLOVTEAO TTOV OVEAVE TO TPMTO KoL TO OEVTEPO EMIMEDO
YOPIOTA (Zy. 5, ZEWGIKT] avAAVOT) TOL VIOV TOAVDOPOPOL AvakTopov. AEovoueTpikn dmoyn omd
0. votoduTikd). Ta Bewpntikd amoteAéopato mov TPoEKvyav GLYKPIONKav pe v TpéYovoa
KOTAGTAOT TOV EPEWTIMV TPOKEIUEVOL Vo TapatnpnOel Katd TOGoV 0 UNyavIGHOS KATAPPELOTG TNG
dopng mov amokaAVTTETAL O Ta epgimia pmopel va epunvevdet og e£EMEN eketvov Tov Tpodkuye

oo TV apuNTIKn avdAvon.

H eneepyacia Kot 1 cOYKPIoN TV AplOUNTIKOV OTOTEAECUATOV OVTOV TOV AVIADCEDV LE
NV TPEYOVCO KOTAGTACT OV Ttapatnpeitat eni tOTOL 61N Postd 0dnyNce otV emPePaimon 6T N
tehevtaio etvar copfotn pe Tov UNXavIGd Katdppeuong evOg Vo TOAVDPOPOL OVaKTOPOV, TOV

neplopiletal povo ota 0V0 mpoTa emineda. Emopévamg, Oyt tpio emkaivntopevo Ktipto, AL Eva



eviaio dtwpogo ktipro. To tpito, 10 omoio cdletar eAdyiota, Ba pmopovoe, avtifeta, va eival puo
OVOKOTOOKELT).

Paolo Riva

TO AXTPAKI: TO ITPQTO XKYPOAEMA XTHN IXTOPIA

Enrico Ciliberto
University of Catania - DSC

To aotpdxt epeaviCetor g éva ToAD okANpd 6HVOETO VAMKO, Eva TPAYUATIKO GKUPOOEUA,
pol-kitpvov ypdpatog, to omoio oynuatileton and éva koviopo 6to omoio gival fubicuéva O Ta
€101 eyKAeIGHATOV, OTWS OPAOGLATA KEPAUIKMDV, TETPES, VAIKE QUTIKNG TPOEAELONC.

2m pvewn Kpnm, to actpdxt ypnoyoromnke 101 and v Tpo-avakTopikn tepiodo, 6To
TEAOG TOV TPAOTOV AVOKTOP®V, Y10, KOTOUCKEVOGTIKOVS GKOTOVS G EMEVOLOT N G Tayiwon ELAV@OV
KOTOOKEVOY, Omm¢ éyel Mon mpoteivel n Enrica Fiandra. EmumAéov, ot ®aetd 10 0aoTpdKi
YPNoLOTOMONKE EMIONG Y10 EVOV GLYKEKPILEVO GKOTO UETE TOV GEIGUO TOV KATEGTPEYE TO TPDTO
avAKTOPO: Yo va YepGEL TO gpeimia TOL apyaiov KTipiov doTe vo dnpovpynel po TAateodppa Tévo
otnv omoia Ba yT1loTOV TO dEVTEPO.

[Tpoxeyévou va katavoncel T cVVOEST KOt TN PVGIKT 1] TEYVNTY] TPOEAEVCT] TOVL ACTPOKIOV,
o Enrico Ciliberto avélvoe 15 deiypata actpaxiov (Ew. 1 kot 2) ypnoiuonoudvtog nAEKTPOVIKO
wkpookomo  odpwong (SEM), otoyewakr avédiven vyming yopwng aviivong (EDX),
nepWracipetpio aktivov X (XRD), Bgppofapopetpio, dwapopikr] Beppdoperpio Kot HETPNOELS
nayvitiong o€ d1dpopeg Oeppokpacieg (ZFC-FC).

H avaivon

Ot avorbdoelg amokdAvyov i 6OVOEST OPOPETIKY] omd eKeElv) €VOC KOVIAUOTOS TTOV
ypnoponoleitoan cuvilwg og GoPadeg N WS LAIKSO GTpwGipaTog pe faon To vVoposeidio Tov acPestiov,
70 0moio mTpodyel TNV THEN AdY® TG aAANAETIOpaoNS e TO d10EE1010 TOV AvOpaKa TN ATUOGPOLPAS.
2V TpayHoTIKOTNTO, TO KOPLo oTotXElo dgv eivat 10 aoBEoTio, OTWG 6TV TEPIMTOCT TV KOOV
KOVIOUATOV 0épa, 0AAd To mupitio, To omoio pall pe to aAovpivio Tpocdidel 6to petypo 0&veg
Womtec. H kapmdin ZFC-FC €6g1&e 011 10 0£€id10 TOV GLO1POL TOV TEPLEYETAL GTO ACTPAKL EXEL TN
HOPOY| TOV payKeUiTr), vOG 0&€1010V TOL 13N POV pe doun omvériov. EmmAéov, OAa Ta detypota mov
avaAvOnKay Tapovsiocav andiela vepol mepimov 6 % oe Bepuokpacieg petalnd 120°C ko 500°C.
Av16 VTOOMMAW®VE TNV TAPOLGiN LoPiwV VEPOD GLUVIEIEUEVAOV IUE KPUGTOAAKES TUPLTIKEG PACELS, TV

TOPOVGIN, TEAIKA, VOPAVAIKAOV EOMOV TOV TPOKAAOVLGAV TNV THEN TOV VAIKOD UE OVTIOpaoT HE VEPO



Kol 0L e 010&€1d10 Tov AvOpaka. Amodeiydnke eniong 6TL TO ACTPOUATIKO KOViapa SV VITOPANONKE
oe Beppoxpacieg dvo tov 400-500°C xatd v mopackevn tov. H mapovcio poyvmuitn kot
apoywvitn anékielce avtd to gvdeyduevo. H mo mbavy vrdbeon eivar Tt T0 GUVOETIKO LAIKO
mopaokevdotnke pe avauén o&ewdiov tov acPeotiov (acfEotng) e dpytho Kot vepd, Tpowbdvtag

€161 TNV amdcPecn Tov acPESTN Kol TO GYNUATIGHO VOPUAVAK®V EWODV.

YOpUTEPACNOTO.

Ta aroteAéopato g TopovGag EPpELVAS TAPOLSIALOVY EVOLAPEPOV, O1OTL LG ETETPEYAV VO
OTOVTI|COVE GTO EPATNIO OV TO OGTPAKL NTAV TEYVNTO TPOIOV 1 AMOTEAECUO TN TLPKAYLAS TOV
KatéoTpeye 10 avaktopo. H televtaio vidOeon amoxieiomke, kabdg o Tumikég Oeproxpacieg twv
KATOGTPOPIK®OV TUpKyL®dV eivar méve amd 500° kot 1 Epevva anékAeice v mOAvOTNTA TO VAIKO Vo
elye moté BegppavBel pe avtov tov 1pdmo.To Actpdkt Ntov eMOUEVEOS Eva TEXVNTO KOviopa Kot
CLYKEKPLUEVA £V VOPAVAIKO Koviopa, o€ avtifeon e Tov evaéplo acPESTn TOL XPNOLULOTOLOVVTAY
o€ dAha TepiBaiiovta. O1vIPALAKEG 101OTNTEG TOV AGTAKIOV KOTEGTNGAV SVVATH TNV TANPOCT TOV
KOWOTNTAOV TOL oYNUOTILOVTOV ard TOVG GAKOVG TOLOTOUNS LE VO VAIKO TTOL TN YOVE KOAG akOuN
KOl GE OCQUKTIKEG TEPLOYES Kot OEDETE PNYOVIKEG 1O10TNTEG TOAD OVATEPEG OO TO KOVOVIKA
acPecToKOVIANATO.

Agdopévov OTL 0TV 16TOPioL TOV OKVPOJEUATOG, TO TUTIKG VLOPOLAIKA GUVOETIKA
vAomombnkav puoévo otn cbyypovn ernoyn and tov John Smeaton yopw oto 1750, uropei va smmbel

OTL TO AGTPAKL NTAV TO TPMTO VOPAVAKO TOCLUEVTO GTNV 1GTOPICL.

Enrico Ciliberto



