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ANEMOMYAOZ NEPIBAAAONTIZTHZ

1. BAZIKH OMAAA EPTOY:

Apytéktoveeg: XpUoavBog Mocapidng, Selen Avkan Yeniada
MoAttikol Mnyavikoi: MAdtwvag ZtvAiavou, Alberto Farinola
Ertipetpntég Noocotntwv: Mapivog AnpocBevoug

Apyatoloyoc: EBn Kapuda
suvtnpntplo: Katepiva ABnawvitou
2. TEXNIKH YNO2THPI=ZH:

TONOIPADIKH ANOTYINOZH: Xpiotog Xatlnyiaykou - CHANTOPO LTD
EPFAZTHPIAKOI EAErXOI: EPFTAZTHPIO AHAPA KAI AOMIKQN YAIKQN, MANENIZTHMIO KYNPOY

H napouoca napouvciaon Baoiletal otn HEAETN AMOKATAOTAONG TOU QVEUOUUAOU TWV AnUViwV, N onoia EKTTOVAYNKE oto
nAaioto avadeong ano to lpoypauua Avarntvéne twv Hvwuévwv ESvwv (UNDP) Kurtpou otn mtlo nmavw ouada epyaciog.
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1. O AvepopuAdoc ota Aluvia

CONSERVATION STUDY

United Nations Development Programme

Joint Venture:
Platonas Stylianou & Associates, Civil and Structural Engineers L.L.C &

Architect firm Chrysanthos Pissaridis
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Team:

Engineers: Platonas Stylianou, Alberto Farinola
Architects: Selen Avkan, Chrysanthos Pissaridis,
Topographers: Christos Hadjiyagkou,
Archaeologist: Evi Karyda,

Stone Conservator: Katerina Athiainitou,
Q.S: Marinos Demosthenous, Angela Christoforou




2. H Atokataotaocn Tou AVELOUUAOU TWV AnRUVLWV

Ye meploxec NG Kompou, Omw¢ n APHOXWOTOC Kol N
Kaproaoia, omou ol uddatwvol topoL NTav TEPLOPLOUEVOL, Ol
KAtolkol  aflomoinoav Tt duvapun  TOU  OVEHOU
Kato.okevalovtag avVeOUUAOUG.

OL ovePOMUAOL amOTEAOUV  ONMUOVTIKA TEKMAPLO  TNC

TIAPAYWYLKNG Ttapadoong, TNC TOTIUKAG OLKOVOULOC KOl TNG
TIPOCAPLOYNC TOU avBpwrou oto PpuoLko TiepLBAAAov.

O  oveUOMUAOC Twv  Anuvwwv  ouvtnpndnke Kot

erblopBwBnKke pPeTd amod ewonynon tng TexVikAg Emtpomnnic
MoAttiotikng  KAnpovouwdg, pe Tt Xpnpatodotnon TNng
Eupwraikng Evwong, He HEAETN Kal oXeSLAOUO TOU E£pyou
amno tnv Opada Epyaociac kot texvikn vmootipen tng UNDP,

oupPBaAlovtag otn SatAPnon TNC KOWNAG TIOALTLOTLKNG

KARROYOIAG TG Kumpou.



3. H teploxn twv Anuviwv

Ta Anpvia Bpilokovtatl otnv enapyio APUOXWOTOU, OE pLa TIEPLOXNA
TIOU SLaXPOVLKA oUVOEBNKE UE TN YEWPYLKA Ttapaywyn. H mediada
¢ Meoaoplag Kal oL EpLopLopEVOL udatwvol mopol odryynoav
oTNV avamntuén Eumvwy TeXVOAoyLKWV AUCGEWV yLa TNV aélomoinon

TOU OVEUOU.

3.1 Ot AvepOpUAOL 0TNV ALLOXWOTO

H meploxn tng ALHOXWOTOU ATAV LOTOPLKA YVWOTA yla ToV HEYAAO
aplOud  avepOpuAwv  mou  OiEBete.  OL  avepOpuAoL
XpNolpomolouvIay yla tTnv AviAnon VeEPoU Kol TNV UTTOOTAPLEN TNG
VEWPYLKAC TIapoywyng, CUKPAANOVTOC CNUOVTLIKA GTNV OLKOVOLLLKN
QAVATITUEN TNG TIEPLOXNCG.

PLATONAS 2
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. loTtopKa ZTolxela yia ta Anuvia

To YwpLo Anuvid BplokeTal o€ Yo epLoxn LE TTAOUGCLO KOl ONHOVTLKO 0pXOLOAOYLKO evOLADEPOV.

JUudwva pe ta SlabEoipa oTolxeia, To XWPLO €lvol OXETIKA «VEOTEPO» KoL N dnuiloupyla tou tomoBeteital otnv
nepiodo tng OBwpAVIKAC KupLlapyiog.

Aev avadEPETAL O LECALWVLIKA XPOVLIKA ] O€ LECOLWVLIKOUC XAPTEG.

H mpwtn yvwoTr ameLKOVIOn ToU XwPLoU o€ XAPTn evtomileTal ota HEca Tou 180U alwva, 0Toug XAPTeC Twv R.
Pococke kat T. Jeffery.

JUUPWVA LE OPLOUEVEC TINYEC, TO XWPLO dnULoUpyRBNKE amd KATOLKOUC YELTOVIKWY OKIOUWVY, Ontw¢ to Mapadeiot,
o Ayloc MNamnmog, to MaAwpt, ot KoAot kat n Tpamela. OL KATOLKOL HETOKIVAONKAV ot Anuvid avalntwvtog
pneyoAUtepn aoPpaAela amo erdpoUEC Kol ELOPOAEG.

H ovopaoia «Anpvia» cuvOeetal Pe T yewpopdoAoyia tnG EPLOXNG KAl TipoEPXETAL amo th A&En «Alpvn». Ta
VEPA TNC PPOXNC CUYKEVTIPWVOVTIOV OTNV TtEPLOXN oxnuatilovtag UIKPEC ALUVECG, ATtO TIC OTIOLEC TII)PE TO OVOUA TOU

TO XWPLO.
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5. Ot AAeutikol Avepopulot tnc Konpou (180¢-2006¢ atwvoc)

O XapTNG MapoucLAlEL TN YEWYPAPLKI) KATAVOUN TWV CAEUTIKWY aVEMOHMUAWY otnv Kumpo katd tov 180 €éwg tov 200 ailwva.
e OL aAeutikol avepopuAot Ntav dtadedopévol oe MOANEC TTEPLOXEC TNC KuTtpou.

e AflomoloUoav TNV ALOALKN) EVEPYELA YLOL TNV AAECH CLTNPWV.

e JuvO€ovtav APETA UE TNV OYPOTLK) OlKovopia Tou vnolou.

e H emapyio AUHOXWOTOU SLEOETE ONUOVTLIKO 0pLOUO AVEUOUAWV.

e Jtnv Kumpo €xouv kataypadel mepinov 21 napadooiokol AAEUTIKOL AVEUOUUAOL.

e OL tepLocoTEPOL evTomilovTal OTLC TIAPAKTLEG TTEPLOXEG TNG AdpvaKkag Kol TG ALUOXWOTOU, OTIOU OL AVEOL NTAV EVVOiKoL

yla tn Aettoupyia Toug.



6. TuntoAovia Twv Kuntpltakwv AVELOULUAWV

MeooyeLlakag TUTOG KUAVSpLKWV aVEUOMUAWYV UE TtepLoTtpedOpevn opodn Kot Ktakopudo Tpoxo:
* KuAwdpikol mupyol.

*  YAKQ KOTOLOKEUNC: TOTILKH TIETPA. KOl KOVIOLQL.

Awadopetikeég Stapoppwoelg opodwv:

* looyelo kat €vag 6podog,

* looyelo, mataptL Kat Evag 0podog,

* looyeLo katl Suo opodol.

To L1o0yeLlo amoteAOUCE TOV KUPLO XWPO EEUTINPETNONG TWV MEAATWY, EVW O LNXAVIOUOC AAeonC BPLoKOTAV OTOV EMAVW 0podo.

PLATONAS oo
STYLIANOU PR
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7. ITATIKO cuoTNUA

OL napadoolakol METPLIVOL oTpoyyuAol HUAOL (aVEHOUUAOL KUKALKAG KATOYNC) OmOTEAOUV XAPAKTNPLOTIKA Tapadeiypata
TIPO-VEWTEPLKAC ALBOKTLOTNG KATAOKEUNG, OTou n bla n d€épouca Tolxomolla €EUTINPETEL TAUTOXPOVA QAPXLTEKTOVIKEG,

OTOTIKEC KOl AELTOUPYLKEC OVAYKEG.

7.1 Baowkn doukn diataén

To Soutkd ovotnua Baciletal os:

*  KuAwdpikn AlBokTioTn pEpouoa ToLXomoLa PeYyAAOU TTAXOUG.
e  ZUAWQ MATWHATA TTOU CUVSEOVTAL LLE TNV TOLXOoToLiA.

*  ZUAVN A KWVLKA OTEYN.

* Eowteplkd EVALVO PNXAVIOUO AAEONC.

* AiBwvn Bepeiiwon

H KuKALKA yewpeTpla ival dlaitepa guvoikn S10TL StaxEel opolopopda TLG KatakopudeC ko opl{ovTLeG POPTLOELG.



7.2 ITOTIKN AELTOoUupyla

H kuAwdpikn tolxomotia Aeltoupyel we:
ouvexég OALBoOuEvVo KEAUDOG,
SOKTUALOC OVTLOTOONG OTLG QLVELLOTILECELG,
dopéag napalaPng OAwv Twv Katakopudwv popTiwv.

O OAUTTIKEC TAOELG €lvail YEVLKA TIOAU LLKPEC OE OXECN LLE TNV AVTOXH TNE METPAC.



7.3 ECWTEPLKA TTOTWLLOTOL 7.4 IT€Yn

OLeplocotepol pUAoL Atav dtwpodol i TpLwpodoLl. AvepopuAoL

Ta daneda anoteAovvtav amno: ZuvnRowg:

*  EUAveG S0KOUG aKTWIKAG dataéng, «  £0AWN TEPLOTPEDOEVN KWVIKHA OTEYN,

*  &0Avo cavidwua. « emevbupévn pe VMo, dxupo f Aapapiva.

Ou dokol maktwvovtav HEoa otV ToLyomolia. H otéyn édepe:

ZTATIKOG POAOG * Tov dfova Tou pUAoU,

EKTOC armo AELTOUPYLKO OTOLXELO: * TOV UNXOVLOUO MPOCaVATOALGHOU TIPOC TOV AVEUO.

* A&TOUPYOUV WG ECWTEPLKOL SakTUALoL cuvdeaNC,
* replopilouv TNV KTOC emumedou napapopdwaon TG
Tolyoroliag,

e au&davouv tn cuvoAlkni duokapuia.



Axupookeneic Opodég

To nAaiolo g opodn¢
Kataokevalotav amo VAo Kal
KQAUTITOTOV HE Axupo. O OKEAETOC
gvioyuotav  He  oplloviia Kol
Katokopuda KaAApLa, Tavw ota
orola Oévovtav MIKPEG OSeouideg
AXUPOU.

7.4 Opodég

ZUAwveG Opodég

To mAaiolo tng opodng kataokevalotav
armd fUAo kat KoAumtotav pe EUALVEQ
oavideg. OL opodEC NTOV ELTE KWVLKEG
glte tetpanAevupeg mupapLdosldelc.

ATOMNAS
e G a R
STYLIANO
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7.5 Aopukn dthocodia

H Baowkn apxn Aeltoupyiog TOU CUCTAUOTOC Elval:

«Bopld KUAWSpKN OALBOMEVN ToLxomoLia pe EUAWVA SLadpaypata KoL PLKPA avoly oty
nou e€aodalilet:

* peyaAn avtoxn o OALYnN,

* uPnAn evotabsLa EvavTtL avatporic,

*  KOAN ovOEKTLKOTNTO OTO XPOVO,

* TIEPLOPLOUEVEC EHEAKUOTIKEC TAOELG.

M’ auto noAAol metpvol puAot e Kompou, twv Awdekavriowy, tTng Kpntng kat twv KukAadwv mapapévouv 0pOLol Peta amno

EKATOVTAOEC XpOVLA AELTOUPYLaC, TIAPOTL EXOUV UTIOOTEL ONUAVTIKEG OELOMLKEC KAl TLEPLBAAAOVTIKEC KOTOTIOVI OELG.



8. O Mnyoviouoc Asttoupyioc tov AVEULOUUAOU

O UNXOVIOMOG TOU aVEUOMUAOU aroteAlolvtav armo tpia

Booka pLEPN:

A. Tov pnXaviopo Kivnong, mou HETEPEPE TNV EVEPYELQ

TOU QVEUOU.

B. Tov unXaviopo aAeong, Omou mpaypatonololviayv n

AAECN TWV CLTNPWV.

. Tov MNXQVIOMO TPOCOVATOALOHOU, O OToiog
NMePLOTPEPEL TNV opodn Kal Tt TTEPUYLD TIPOG TNV

KateLBUVON TOU OVEUOU.

/, // /
7

)
/ 7

Vaos and Nonicos 1993: 216; fig. 475
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9. APXLTEKTOVLKA XOPAKTNPLOTLKA TOU AVELOUUAOU ALUVLWVY

e  XopaKtneloTtkA KUALVSOpLKA ALBOKTLOTN KATOLOKEUN.

* Euputepn Baon yla peyalutepn otabepotnra.

* H eloodoc PBploketal otn votlodutikA TAsupd Kal Sltapopdwvetal pe
AlBvo tofo.

e Muwkpd avolypata kol mapdBupo Bplokovtal oTn VOTLOAVOTOALKH
TIAELPAL.

* H KOTAOKEUN £YLVE PLE VIOTILAL UALKQ LE TOTILKI) TIETPO KOl TTApadooLakd

KOVIAOTAL.




10. YAKA KataoKeUAC

ToixoL: KATOOKEUAOUEVOL aTo Adanedo: Sev cwlovtal oTolxEia Opodn: KWVLKA AXUPOCKETING
TOTUK) aoPeocTtoABIKy TETPQ Tou apyLkoL damedou. KOTOLOKEUT HE EVALVO OKEAETO?

Kol TopadooLako Koviapa.

PLATONAS oF& [0
STYLIANOU Feg
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11. Ecwtepkn Alatoén Ko Asttoupyila Tou AVEULOUUAOU ALUVIWV

* EVOWHATWUEVEG TIETPLIVEC OKAAEC HECA OTOUC TOlXoUG 0dnyoloav 0ToUG AVWTEPOUG 0pOPOoUC.

* MBavotata S1€Bete Tpia emimeda: L0OYELO, EVOLAUETO OpOdO Kal AVWTEPO O0podo.

e JTOV AVWTEPO 0pod0o BPLOKOTOV O UNXOVIOMOG AAEONC.

* H apxwkn opodny dev dtaowletal, aAAd mBavotata ATAV KWVLKN Kol KIAUMEVN HE AXUPO.

* Aev €xouv SlaowBel otolxela Tou apxLkoU pnxaviopoU Asttoupylac, o omoiog mBavov adalpednke otav

XPNOLUOTIOLONKAV VEOTEPEC NXAVEC AAEONC.

18



12. Building Pathology and Damage Diagnosis report

Prior to any conservation intervention work, a damage diagnosis report is necessary in order to
obtained a holistic understanding of the main problems/damages found in the windmill. By studding
and analyzing the building's defects we will be able to identify the causes of the problem, thus giving
the correct remedial actions in the context and philosophy of minimum interventions. The main
damages of the windmill are inventorized and presented below.

* Probably caused during
anintervention tore-
adjustthe masonry walls
in order to transform old
windmill to a steam
gridding mill.

Stone masonry walls/Jointing mortar /_\ Structural
damage due

Damage 2 Possible cause of MP to
Cod R h
i description epresentative; gacto (deterioration/damage mechanical

N~

Local loss of the outer
stone layer with the rest
ofthe three-layered
masonry. Probably cause
by:

— Absenceofa
diaphragmatic (box)
behavior.

— Horizontal movements

generated by

earthquakes. The
structure is positioned

on soft soils with a

ground acceleration of

0,25g (Seismic zone I}

which makesit

vulnerable to high
intensity earthquakes.

Partial
= Severe cracksare located PCW | Collapsed
atthe interior of the ol
windmill are probably dug

to:

— The partial collapsed
masonry wall on the
outside surface.

— Thevarious openings,

Structural
cracks

sC

cracksare governtothe
weakest points.

Signs of black stains on
the surface of the stone
wallimplies humid
conditions.

Since there isnoroofto
cover the windmill, rain
water runs off on the
exposed masonry walls.
These spotsturn the
original surface material
darker and are often
accompanied by
biological growthi.e.
moulds.

BC I
(Black stains)

PLATONAS
STYLIANOU




12. Building Pathology and Damage Diagnosis report

Vegetation

Vegetation is growingat
the top of the free
standing masonry walls.
Signs of vegetation
implies humid conditions
atthe top level ofthe
structure. Organic
materialis trappedin the
porousofthe
stone/rubble material in
combination with the
presence of humidity
encourages plantsto
thrive (see Biological
colonization).

Debris

DMR

Decayed of
jointing
mortar/rend
ering.

Deterioration of the
existing mortar and
plaster rendering.
Lack of maintenance and
abandonmentofthe
place (wear and tear)
over the years. Structure
leftto the elements (wear
and tear).
Partial detachmentof the
render usedinthe
windmill.
Based onthe results
given fromthe technical
laboratory, the
rendering material used
isan earth lime based
mixture that has poor
strength characteristics
in comparison with the
lime based jointing
mortar.
Loss of small stone filling
atthe masonry joints.

well

* | ack of maintenance and

abandonmentofthe
place.

* Theinterior floor of the

windmill is covered with
plastic debris.

Lack of maintenance and
abandonmentofthe
place.

= The wellis full of debris

and dead decomposed
animals.
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13. Structural evaluation through NDT (site visual inspections, Schmidt hammer) & SDT (Stone samples)

Samples of building stone and joining mortars were extracted from the site on the 215t of February 2018. The
tests were performed from the LEDRA laboratories of the University of Cyprus. The purpose is to determine the
building’s mineralogical composition, density, porosity, the capillary absorption coefficient and compressive
strength. The location of the specimens taken from the site is shown i

Table T: Mineralogical composition and sverage physico-mechanical properties (ooefficient of variation) of building stones
determined from laboratory tests on 5 different samples.

Stone Mineralogical Apparent Total open Capillary JLompreccive
sample Ccomposition density porosity absorption strength
coefficient
(ke/m) (¥e) {gfm?s'?) (MPa)
Calcite: 70.73%
wi Guare 11.10% 1710 (2%)  363(4%)  698(15%) | 45(18%)

Plagioclaze: 14 60%
Clay Minerals: 3.56%

Calcite: 70.14%
Mg-rich calcite: 26.54%
Quartz: 1.55%
Plagioclase: 1.77%

w2 2203 (3%)  166(15%) 104 (63%) [ 22.9(20%)

Calcite: 66.56%

Cuartz: 1.55%
W3 Plaginclase: 17.31% 1850 (10%) 29.4 (23%) 285 (38%)

Clay Minerzls: £ 45%

B2 (57%)

LayerA | Layer B

Calcite: 74.00% | 69.35%

W4 Mz-rich Calcize: 22 B4% | 5.24% 1793 (6%:) 329 [14%) 823 (7% 9337 W15 | Stone samples
Quartz: 1.00% | 9.31%

Plagioclzse: 2.16% | 12.41%

MW1-2 | Joint mortar samples
EW1-3 | Plasier samples

Calcite: BD.27% Windmill

Mg-rich calkcite: 18.14%
W5 it 2180 (1%) 163 (5%)  33.7(75%) | 33.7(6%)

Plagioclase: 0UB1%

Laboratory test results

PLATONAS
STYLIANOU
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14. Computational model (FEM Analysis) — Define Mechanical Characteristics of Masonry Walls

In order to make an as-built evaluation and determine the remaining load bearing capacity and
lateral resistance of the masonry wall, we have to take into account:

1. The different construction techniques used to build the windmill (e.g. brickwork, boundary
connections, end connections, etc).

2. The construction phases of the windmill (e.g. attached or semi attached structural elements).

3. State of conservation of the different material used (damage diagnosis, pathological issues that
observed on the materials).

Using the above in combination with the relevant fractions provided in EUROCODE 6 for the
identification of the compressive strength of the masonry (EN1996-1-1:2004, §8.1.5,
fo.=K*f, 07 *f,.03), the following mechanical characteristics are assumed for the stone masonry are
the ones used for the analysis procedure :

Table 2: Stone masonry mechanical properties — Model Analysis

¢ Material's Weight Density (mean 2,000 s Modulus of Elasticity: 915MPa
value approximation of 5 stones): kg/m*
* Poisson’s Ratio: 0,2 ¢ Shear Modulus: 3B2MPa
# Directional Symmetry Type: Isotropid e Specified Compressive 1,85 MPa | €—
Strength:

e Specified shear Strength: 0,11 MPa | €—

22



14. Computational model (FEM Analysis)

The modelling of the structure initiates with the simulation of shell elements for stone masonry walls.
In the following snapshots, all different wall element thicknesses are indicated with the use of contour

colours.

Physical model Computational model Wall thickness

900mm

450mm

600mm

ST 300mm
-

| Snapshot 1: Existingwindmill (left), 3D FEM model of the windmill (middle), wall thickness (right). |

Physical model Computational model Wall thickness

900mm

. 450mm

b 600mm
L
el

; S8 ‘t 300mm
o <+

PLATONAS
STYLIANOU

Assumptions

U The load bearing masonry system of the windmill consists of three
layers; an internal and external stone surface and a filling with rubble
stones which are binding together with a mortar mixture (three-
layered masonry). To achieve the best simulation of the wall’s
behavior as a whole system, the total thickness of the walls is
introduced in the model whose structural characteristics have been
accordingly modified/ reduced, as the EC-6 for masonry structures
foresees. For that reason, a reduction factor of 0,50 was chosen for
the bending and shear in all local elements direction which will take
into account the reduction of the wall’s strength due to the presence
of cracks and loose stone elements, missing joint mortar etc.

O Inorderto have a more precise analysis, the vertical area where
the stones are missing (left from the entrance) were modeled with a
reduced thickness (green and orange colors).

O The mechanical characteristics of all wall sections that are facing
deterioration due to raising humidity, bedding problems and absence
of pointing, are further reduced to lower design values in that zone.

0 Meshing of the walls is set to a 0,25 x 0,25 m grid for each surface
element in order to achieve the best stress distribution on the walls
without making the model file heavy and slow down the analysis.

O The foundation system is modeled with fix-end supports.

0 The dead weight is calculated from the self-weight of the
structure based on the input geometry.

23



16. Mode Shapes

The behavior of the final structure is checked through the observation of its modal parameters, such
as frequencies and mode shapes. Those parameters are helpful to understand how a structure

responds to dynamic excitations, such as earthquakes or winds, and to calibrate the computational
model of the structure to real life conditions.

The differences in mass participation percentages in various mode shapes of the structure can be seen
clearly in the following pictures. The deformation configurations of the mode shapes are mainly out-of-
plane modes as expected. In the following table, the three first mode shapes are presented as far as
the period / frequency and mass participation ratio is concerned.

3]

Table 3: First 3 mode shapes

Mc:u:le| Period (sec) Frequency (Hz) Ux Uy RZ
1 0,243 4,112 0,6514 0,0006 0,0001
2 0,229 4,363 0.0006 0,6803 0,0061
3 0,125 7,503 0,000024 0,0004 0,8169

ey
e
»

o
8

o 1h- 5 ~ ad a_n|» B e a4

L ) LS | R
Snapshot 3: Mode Shape X- Direction, mass parficipation 65%-1° mode shape | | Snapshot 4: Mode Shape Y- Direction, mass participation 68%-2 - mMode shape | I Snapshot 5: Mode Shape Z- Direction, mass participation 81%-3" mode shape
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16‘. Mode Shapes

I

napshot 3: Mode Shape X- Direction, mass participation -1 mode shape

a B TRRESERSN
Snapshot 4 Mode Shape Y- Direction, mass parficipation 66%-2 - mode shape

B L Y
+ = T

P

Snapshot 5: Mode Shape Z- Direction, mass participation 81%-3" mode shape

The dominant mode shape of the structure is the 1t with mass
participation over 65% at the x-direction (snapshot 3). By observing
the deformation shape, one can clearly state that the small mass
participation factor (compare to Y-direction) is due to the fact that
the majority of the energy in this direction is absorbed by the walls
where the two openings are. Therefore, the mass that is
contributing in this direction is less in comparison with the X-
direction.

The 2" mode shape is the dominant y-direction mode shape with
participation of mass 68% (snapshot 4). There is no significant
deviation from the X-direction, this is expect due to the cylindrical
shape of the windmill. However, the slight difference in mass
participation is mainly due to the fact that there is no openings on
the Y-direction, so the entire body of the structure is resisting when
subjected to a seismic load.

The 3" mode shape is the dominant rotational direction with
participation of mass 81% (snapshot 5).
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17. Deformations

The analysis due to gravity loads has revealed the overall reaction of the structure under loading condition as well
as the weak zones on the masonry wall. Seismic loading conditions will also give us deformation patterns similar
or not to the ones observed previously but with larger values.

U Deformation on the X-Direction causes a maximum displacement of 19 mm at top part of the windmill.

U Deformation on the Y-Direction causes a maximum displacement at the top part of the masonry wall. The

displacement observed at 17 mm.

Deformations due to static loads

Deformations due to seismic loads

Snapshot 6: Deformation due to static loads
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Deformations due to seismic loads
Y-Direction

Joint Element: 315

Story: Story2
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Snapshot 7: X-direction seismic load deformation 19mm

Snapshot 8: Y direction seismic load deformation (without the roof-17mm
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18. Results interpretation to static and seismic response loads

The final step of the analysis is to investigate the acting stresses on the shell elements in order to establish a
better idea about the maximum stress values, the weakest parts and determine the failure type according
to each static and dynamic loading condition. In the following views, the maximum stresses for the whole
structure due to non-seismic and seismic loads are presented below.

The evaluation of the structure to transfer its own self-weight was conducted with the current European
Standards codes under the ultimate limit state (ULS) for a load combination of 1.35G+1.5Q for Dead (G) and
Live (Q) loads. Given the assumptions made for the structure's geometry, reduced stiffness modifications
factors, and mechanical properties of the various materials, the structure was found capable of
withstanding the static loads corresponding to ULS combination.

Assessment for non-seismic loads

After the analysis, the masonry walls have no signs of significant distress or any structural disturbance from
bending and shear stresses, except from some small distresses that were arising on the unreinforced
masonry due to the openings. This is mainly due to the large thicknesses of the walls at the base of the
windmill that are laterally resisting the compressive loads coming from above which tends to push the walls
outwards. Overall, this is expected as the windmill stood the test of time without serious problems.
Therefore, the most stressed areas due to bending and shear are presented in the picture below .

27



18. Results interpretation to static loads

Stresses due to bending at the
openings and at the base of the
structure

e R . 4 S asme w e A —

Snapshot 9: Bending stresses due to static loads

Stresses due to shear at the
weakest areas (partial collapsed
of the masonry surface) and at
the openings of the structure

R e _ - | P ) k=3 =

Snapshot 10: Sheer stresses due to static loads
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18. Results interpretation to seismic response loads

Assessment for seismic loads (Y&X-Direction for 0,25g)

Depending on the examined direction, significant shear stress values (colored in red) are observed in all the
directions of the windmill and at the openings. This is mainly due to the cylindrical shape of the windmill.
This is a really common behavior; since the stresses are govern to the weakest parts of the structure where

big openings are located.

Shear stresses due to seismic loads Shear stresses due to seismic loads
X-Direction Y-Direction

Snapshot 11: Stresses due to X-Direction seismic lozd | | Snapshot 12: Stresses due to Y-Direction seismic load
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19. Structural Recommendations for Conservation Interventions of the Windmill

By observing, recording and investigating all the findings mentioned in the previous paragraphs, the
following issues need to be assessed in order to restore the bearing capacity of the windmill:

v' Strengthening of the masonry walls through the homogeneity of the masonry’s consistency by using
grout injections.

v' Re-construct and restore the partially collapsed and/or missing sections of stone masonry walls.

v" Repair all major cracks using the stitching technique (placement of horizontal stainless steel rods
inside the joints, perpendicular to the cracks) and deep grouting injection if necessary.

v' Provide a stiff connection at the roof level by installing a wooden boundary ring beam above the
stone masonry walls in order to ensure a diaphragmatic rigidity when subjected in lateral forcing.

v' Replacement of heavily decayed/damaged stones.

v' Protect the structure from humidity that causes material deterioration.

By evaluating the FEM's findings, it is observed that the stone masonry walls needs strengthening to better
and more efficiently absorb the shear stresses that mainly arising during dynamic loading.

Finally, it should be stated that the stone windmill as it is, although originally well-built and maintained
standing is not earthquake resistant and under stressing conditions it will possibly face serious problems.
The proposed measures stated above will only help the monument behave and perform in a better way in
an earthquake event, however, these will not make the structure fully earthquake resistant as it was not
originally designed as such. Additional strengthening measures are required to completely stabilize the
windmill from earthquakes.
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19. Structural Recommendations for Conservation Interventions of the Windmill

Healing of cracks using the
stitching method accompanied
with stone stitching and grouting
injections

Re-construct and restore the
partially collapsed and/or missing
sections of stone masonry walls.

wooden joist 15x7.5cm

Alternative two wooden wall
plates with connectors and a
plate.

wooden peg (pole) @3x40cm
drilling will proceed with a
28mm diameter drill

Provide a stiff connection at the roof level by installing a wooden
boundary ring beam above the stone masonry walls in order to ensure
a diaphragmatic rigidity when subjected in lateral forcing.
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20. O AvepOUAOG ZAMEPQL

Metd TIC epyaocie¢ amokatdotaong, O OVEUMOUUAOC TwV
ANUVIWV amoTeAEL €va ONUOVTILKO MVNUELD TNC TTOALTLOTLKNAG
kAnpovouldg tng Kumpou. H Siatripnon tou cupPaAAeLl otnv
avadelén tn¢ Lotopiag, tng mapadoolakng tTexvoloylag Kot Tng

OX£0NC TOU avOpwTou HE To GUOLKO TtEPLBAAAOV.

H Alontoinon tng AtoAwkn¢ Evépyelac otnv Kumpo.

H 6Uvapun tou avépou aflomotnBnke otnv Kumpo pe dStadopoug
TPOTOUC. Ao touc tapadootlakoUg ALOOKTLOTOUC AVEUOUUAOUC
HEXPL TOUG VEOTEPOUC METOAALKOUC QVEUOUUAOUC AVTANONC
VEPOU, O AVELOC QTOTEAECE LA TTOAUTLUN TtNYN EVEPYELAC YL
TIC AVAYKEG TNG Yewpylag kat tTng kaBnuepvng {wnc. H xpnon
TOU OUVEBAAE OTNV QVATITUEN TWV OYPOTLKWY TIEPLOXWV XWPLS
KATavaAwon  Kauolpwv Kol Xwpilc  emPapuvon  tou

neptfailovroc.




U H Inpaoia tng Atatipnong

H mpootaocia tou avepopuvlou dev adopd povo tn Sldowon evog LoToplkou Ktipiou. Adopd tn
dtatipnon TNG OUAAOYIKAC HVAMNG, TNG TopadoolaKnNG TEXVOYVWOLOC Kol TNG TIOALTLOTLKAG
TOUTOTNTOC TOU TOomou. Méoa amo tn SLatAPnon TETOLWV UVNUELWY, OL ETTOUEVEC YEVLEC UTTOPOUV VOl

yvwploouv tnv Lotopia, TNV TexvoAoyia Kat tov tpormo {whn¢ tou mapeAbBovroc.

U Zupnepaocpata

O avepopuAog twv Anuviwv omoteAel €va Hovadlko HVNUELD TNC QYPOTLKAC Kol TEXVOAOYLKNC
KAnpovouLag tng Kumpou. H amokatdotaon tou SLaocwlel €va ONUOVTILKO KOUMATL TNE LOTOPLag oG KO
urtevbupilel tn Slaxpovikn afio tng aflomoinong twv ¢GUOIKWV TIOPWV HE OePBACUO TIPOC TO

nepBaAiov.
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