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2 EIOPIKN TPWTOTNTA PVNMEIWV
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2 EIONIKA TPWTOTNTA PVNUEIWV

e TuTTOAOYIO PVNUEIWV KOl JVNUEIOKWY OUVOAWV
e 2EIOMIKO POPTIO avaAAuoNnG Kal oxedlaouou
e EKTIiUNON TNG TPWTOTNTAG MVNUEIOKWY KOTAOKEUWV

O'UVU'ITO)\OVICOVTCXQ kai Tnv A A.E.O.A.
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= BIBAloypa@Ik TTIOKOTTNON

= [IpoTteivouevn peBodoloyia

= [TapAMETPIKEG AVAAUCEIC

= XOPAKTNPIOTIKA BepeAiwang

= |dI10TNTEC £DAYPOUC

= ATToTEAEOUATA

= Y UMTTEPACUATA
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2. EIOUIKN TPWTOTNTA MVNUEIWY

TutroAoyia pvnueiwy Kai
UVNUEIOKWY OUVOAWYV




AcgikTeC BAAPBNC BAoel TNS KAPTTUANG QVTIOTAONC
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AcgikTeC BAAPBNC BAoel TNS KAPTTUANG QVTIOTAONC

e 1: eAappia BAGLN
o 2: UETPIO BAGRN
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AcgikTeC BAAPBNC BAoel TNS KAPTTUANG QVTIOTAONC
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e 1: eAappia BAGLN
o 2: UETPIO BAGRN
« 3: Bapid BAGRN

= Meiwan avtoxng
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AcgikTeC BAAPBNC BAoel TNS KAPTTUANG QVTIOTAONC
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ETTiTreda emMTEAEOTIKOTNTAC VIO PVNMEIQ

* Aueon xpnon kai rpooTacia (wng (Use and human life)

* pooTacia Tou ®@.0. amd BAABec-aoToxies (building conservation)

* [lpooTacia Twv AOITTWV OTOIXEIWV KAAMITEXVIKAG QuUONG (artistic
assets conservation)



ETiTreda emMITEAEOTIKOTNTAC VIO JVNUEIQ
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ETiTreda emMITEAEOTIKOTNTAC VIO JVNUEIQ

DAMAGE USE and ARCHITECTONIC ARTISTIC
LEVEL HUMAN LIFE ASSETS ASSETS
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TutroC BAGPNG O€ TTITTEDO UOKPOOTOIXEIOU

Damage class

Damage to in-plane loaded walls

B Damage to out-of-plane loaded walls

Damage to monodimensional masonry
elements

D | Damage to in-plane loaded arches (or vaults)

E Local damage of masonry

F Rocking of single or multiple blocks
G Damage to roofs and floors

H Drift of vaults in their horizontal plane

| Damage to domes




TUutToC BAGBNG O€ ETTITTEDO YAKPOOTOIXEIOU

Damage class

A Damage to in-plane loaded walls

Damage to out-of-plane loaded walls

Damage to monodimensional masonry
elements

D | Damage to in-plane loaded arches (or vaults)

E Local damage of masonry

F Rocking of single or multiple blocks
G Damage to roofs and floors

H Drift of vaults in their horizontal plane

| Damage to domes




TutroC BAGPNG O€ TTITTEDO UOKPOOTOIXEIOU

Damage class

A Damage to in-plane loaded walls

B Damage to out-of-plane loaded walls
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E Local damage of masonry

F Rocking of single or multiple blocks
G Damage to roofs and floors

H Drift of vaults in their horizontal plane

| Damage to domes




TutroC BAGPNG O€ TTITTEDO UOKPOOTOIXEIOU
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TUutToC BAGBNG O€ ETTITTEDO YAKPOOTOIXEIOU

Damage class

A Damage to in-plane loaded walls

B Damage to out-of-plane loaded walls

Damage to monodimensional masonry
elements

D | Damage to in-plane loaded arches (or vaults)

E Local damage of masonry
F Rocking of single or multiple blocks
G Damage to roofs and floors

Drift of vaults in their horizontal plane

Ulamage 1o domes




TutroC BAGPNG O€ TTITTEDO UOKPOOTOIXEIOU

Damage class

A Damage to in-plane loaded walls
B Damage to out-of-plane loaded walls
C Damage to monodimensional masonry

elements

D | Damage to in-plane loaded arches (or vaults)

E Local damage of masonry

F Rocking of single or multiple blocks
G Damage to roofs and floors

H Drift of vaults in their horizontal plane

Damage to domes




KaTtnyoplotroinon uvnueiwy

* Mg Baon 1OV KUpiapXO PMNXAVIOPNO aOTOXiAG TWV HOKPOOTOIXEIWV
ATTO TA OTTOIO ATTOTEAEITAI TO EKAOTOTE PVNUEIO

[Mapadelyua: EKKANGCieg

| » Damage
class B

MakpoaoToixeio: Trpocoyn



KaTtnyoplotroinon uvnueiwy

Architectonic asset class

Sub-class

Assets subjected to prevailing in-plane damage

A1 - mansions

AZ — castles

A3 - religious houses

A4 — caravansaries

AS5 - collective buildings

Assets subjected to prevailing out-of-plane damage

B1 — churches

B2 — mosques

B3 — baptisteries

B4 — mausoleums

BS — hammam

B6 - modern theatres

B7 - markets and bazaars

BEf - industrial buildings

Assets characterized by monodimensional masonry elements

C1— towers

C2 - bell towers

C3 — minarets

C4 — lighthouses

C5 — chimneys

Arched structures subject to in-plane damage

D1 - triumphal arches

D2 — agueducts

D3 — brdges

D4 — cloisters

Massive structures in which local failure of masonry prevails

E1 - fortresses

EZ2 - defensive city walls

E3 - Roman and Greek theatres

Blocky structures subjected to overturning

F1 - columns

F2 — obelisks

F3 — trilithes

F4 - archaeological ruins

FS5 - Greek temples

Built systems subjected to complex damage

Historical centers




KaTtnyoplotroinon uvnueiwy

Architectonic asset class

Sub-class

Assets subjected to prevailing in-plane damage

B Assets subjected to prevailing out-of-plane damage

A1 - mansions

AZ — castles

A3 - religious houses

A4 — caravansaries

A5 - collective buildings

B2 — mosques

B3 — baptisteries

B4 — mausoleums

BS — hammam

B6 - modern theatres

B7 - markets and bazaars

BEf - industrial buildings

C Assets characterized by monodimensional masonry el¢

D] Arched structures subject to in-plane damage 7

F Blocky structures subjected to overturning

Built systems subjected to complex damage

C1— towers

C2 - bell towers

E Massive structures in which local failure of masonry p

F .
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KaTtnyoplotroinon uvnueiwy

Architectonic asset class Sub-class
A1 - mansions

A2 — castles

Assets subjected to prevailing in-plane damage A3 - religious houses
Ad — caravansaries

B1 — churches

B2 — mosques

B3 — baptisteries

B4 — mausoleums
BS — hammam

B6 - modern theatres

Assets subjected to prevailing out-of-plane damage

1 — towers
2 - bell towers

C Assets characterized by monodimensional mason

D] Arched structures subject to in-plane dam

E Massive structures in which local failure of mason§;

F Blocky structures subjected to overturni

Built systems subjected to complex dama




KaTtnyoplotroinon uvnueiwy

Architectonic asset class

Sub-class

Assets subjected to prevailing in-plane damage

A1 - mansions

AZ — castles

A3 - religious houses

A4 — caravansaries

AS5 - collective buildings

Assets subjected to prevailing out-of-plane damage

Assets characterized by monodimensional masonry elements

Arched structures subject to in-plane damage

B1 — churches

B2 — mosques

B3 — baptisteries

B4 — mausoleums

BS — hammam

B6 - modern theatres

C2 - bell towers

C3 — minarets

C4 — lighthouses

Massive structures in which local failure of masonry prevails

Blocky structures subjected to overturning

Built systems subjected to complex damage




KaTtnyoplotroinon uvnueiwy

Assets subjected to prevailing out-of-plane. 5

Assets characterized by monodimensional masuiny &

Arched structures subject to in-plane damage

Massive structures in which local failure of masonry prevails

ko T

C4 — lighthouses

1 - tniumphnal arches

D2 — agueducts

D3 — brdges
D4 — clojsters

EZ2 - defensive city walls

E3 - Roman and Greek theatres

Blocky structures subjected to overturning

F1 - columns

F2 — obelisks

F3 — trilithes

F4 - archaeological ruins

FS5 - Greek temples

Built systems subjected to complex damage

Historical centers




KaTtnyoplotroinon uvnueiwy

Architectonic asset class

Assets subjected to prevailing in-plane

Assets subjected to prevailing out-of-pla

Assets characterized by monodimensional ma '

Arched structures subject to in-plane damage

D1 - triumphal arches

D2 — agueducts

D3 — brdges

Massive structures in which local failure of masonry prevails

Blocky structures subjected to overturning

E1 - fortresses

EZ2 - defensive city walls

E3 - Roman and Greek theatres

F2 — obelisks

F3 — trilithes

F4 - archaeological ruins

FS5 - Greek temples

Built systems subjected to complex damage

Historical centers




KaTtnyoplotroinon uvnueiwy

Architectonic asset class

A Assets subjected to prevailing in-

B Assets subjected to prevailing out-¢

C Assets characterized by monodimensio e Mi

D] Arched structures subject to in-g

e

F Blocky structures subjected to overturning

SUullt systems subjected to complex damage

E Massive structures in which local failure of masonry prevails

=] = TR

E3 - Roman and Greek theatres

F2 — obelisks

F3 — trilithes

F4 - archaeological ruins

Historncal centers




KaTtnyoplotroinon uvnueiwy

Architectonic asset class

Assets subjected to prevailing

Assets subjected to prevailing om
NAN

Assets characterized by monodimens

Arched structures subject to in-plane damage

D1 - triumphal arches

D2 — agueducts

D3 — brdges

D4 — cloisters

Massive structures in which local failure of masonry prevails

E1 - fortresses

EZ2 - defensive city walls

E3 - Roman and Greek theatres

Blocky structures subjected to overturning

SUullt systems subjected to complex damage

F1 - columns

F2 — obelisks

F3 — trilithes

F4 - archaeological ruins

Historncal centers




2UOYXETION BAGBNG-TUTTOAOYIAC pvnuEiou

Damage class
AlB|C|D|E|F|G|H I
Architectonic asset class

Al - palaces
A2 - castles
A A3 - religious houses
Ad - caravansaries
AS5 - collective buildings
B1 - churches
B2 - mosques
B3 - baptisteries
B4 - mausoleums
B3 - hammam
BE - modem theatres
BY - markets and bazaars

[:I Occasional behaviour

B& - industrial buildings
C1 - towers
C2 - bell towers
C C3 - minarets
C4 - lighthouses
C5 - chimneys
D1 - triumphal arches
D2 - aqueducts
D3 - bridges
D4 - cloisters
E1 - fortresses
EZ2 - defensive city walls

E3 - Roman and Greek
theatres
F1 - columns

F2 - trilithes

F F3 - obelisks

F4 - archaeological ruins
F5 - Greek temples

G Historical centers

|:| Possible behaviour

. Prevailing behaviour




Katnyopliotroinan AOITTWYV OTOIXEIWV KAAAITEXVIKAC pUONC

Class

Artistic assets which are structural
elements by themselves

Artistic assets which are not structural
Q elements (strictly connected to
structural elements)

Artistic assets which are not structural
elements (with own seismic response)




Katnyopliotroinan AOITTWYV OTOIXEIWV KAAAITEXVIKAC pUONC

Class

Artistic assets which are structural
elements by themselves

Artistic assets which are not structura
elements (strictly connected to
structural elements)

Artistic assets which are not structural
elements (with own seismic response)




KaTtnyopiotroinon AOITTWV OTOIXEIWV KAAAITEXVIKAC pUONC

Class

Artistic assets which are structural
elements by themselves

Artistic assets which are not structural
Q elements (strictly connected to
structural elements)

Artistic assets which are not structural
elements (with own seismic response
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2. EIOUIKN TPWTOTNTA MVNUEIWY

2.EIOUIKO pOPTIO avaAuong
KOl oXe0laouoU




2.EIOUIKO POPTIO avAAUCNG Kal oXEOIOTOU

* KaBopiopog Tou KAatGAANAoOU oevapiou OEIOPIKAG ETTIKIVOUVOTNTAG:
= [1nyn, diadpour], TOTTIKEC EDAPIKEC OUVONKEC
= AVEAQOTIKI) CUMTTEPIPOPA £DAPOUG,
= ANNAeTTidOpaon €dAa@ouc — BepeAiwong — avwdoung
= Katakopupn ouvioTwoa TNG £€0A@IKAG Kivnang



2.EIOUIKO POPTIO avAAUCNG Kal oXEOIOTOU

» KaBoploudg Tou KATAAANAOU OEvapiou OEIOUIKAG ETTIKIVOUVOTNTAC

o KaBopiopog KatdAANAwyY OEIKTWYV YIa TNV UETPNON TOU CEICHIKOU
(POPTIOU avaloya uE Ta IDIAITEPA XOPAKTNPIOTIKA TOU €EKAOTOTE
MvnuEiou



TuttoAoyieg uvnueiwv TTou Xprndouv I101AITEPNG TTPOCOXNG

* TOTTIKEC €DAPIKEC OUVONKEC
= Mvnpueia KTIopEva 0€ KOIAADEG
| 0€ KOPUPEC AOPWV - Bouvwv
= ToTroypapia
= EQaQIKEC oUVONKEC




TuttoAoyieg uvnueiwv TTou Xprndouv I101AITEPNG TTPOCOXNG

* TOTTIKEC €DAPIKEC OUVONKEC

o ATTOTIMNON VIO EAACTIKNA 1] AVEAQCTIKI ATTOKPION;

= QI NVNUEIOKEC KATAOKEUEC OUVNOWC attoteAouvTal aTTO UAIKG JE EVTOVa
Wabupn cuutrepipopd (class A-G)



TuttoAoyieg uvnueiwv TTou Xprndouv I101AITEPNG TTPOCOXNG

* TOTTIKEC €DAPIKEC OUVONKEC
* ATTOTIUNON YIa EAACTIKI ] AVEAQCTIKI) OTTOKPION;
e ATTOKPION O€ MEYAAEC TTEPIOOOUC

= Class C (towers, bell towers, minarets etc)

Minaret of Suleiman Mosque, Bell tower at Crna Vas, Slovenia
Rhodes, Greece



TuttoAoyieg uvnueiwv TTou Xprndouv I101AITEPNG TTPOCOXNG

* TOTTIKEC €DAPIKEC OUVONKEC
* ATTOTIUNON YIa EAACTIKI ] AVEAQCTIKI) OTTOKPION;
e ATTOKPION O€ MEYAAEC TTEPIOOOUC

= Class C (towers, bell towers, minarets etc)

= Class B (churches, hammam, markets)

Panagia tou Kastrou,
Greece (306 A.D.) Greece Rhodes, Greece

Rotonda, Thessaloniki,



TuttoAoyiec pvnueiwyv TTou Xpndouv I0IAITEPNG TTPOCOXNG

* TOTTIKEC €DAPIKEC OUVONKEC
* ATTOTIUNON YIa EAACTIKI ] AVEAQCTIKI) OTTOKPION;
e ATTOKPION O€ MEYAAEC TTEPIOOOUC

= Class C (towers, bell towers, minarets etc)

Class B (churches, hammam, markets)
= Class F (Greek temples, columns, obelisks)

. Laterenense Obelisk,
Rome, Italy

Greek Temple,
Agrigento, Italy




TuttoAoyieg uvnueiwv TTou Xprndouv I101AITEPNG TTPOCOXNG

TOTTIKEC £DAPIKEC OUVONKEC

ATTOTiMNON YIa EAACTIKA | AVEAQOTIKA ATTOKPION;

ATTOKPION O€ PEYAAEC TTEPIOOOUC

Otav 10 €AAOTIKA @QACHOATA ATTOKPIONG OEV ETTAPKOUV VYIa TNV
TTEQIYPAPN TOU OEIOUIKOU (POPTIOU

= Class F

. . O Archaeological site of
Temple of Antasjigeee™ Bl Monte-Smith,
(Roman ruins), *° ke Rhodes, Greece

Sardinia, Italy




TuttoAoyieg uvnueiwv TTou Xprndouv I101AITEPNG TTPOCOXNG

TOTTIKEC €DAPIKEC OUVONKEC

ATTOTINNON YIa EAACTIKA ) AVEAQCTIKN ATTOKPION;

ATTOKPION O€ PEYAAEC TTEPIOOOUC

Otav 10 €AAOTIKA @QACHOATA ATTOKPIONG OEV ETTAPKOUV VYIa TNV
TTEQIYPOAPI) TOU CEICUIKOU (POPTIoU

= Class F

= Class G

i N :
T 3 s
£ ~ o,
4 . Sl Filelino ol - -}
oy 21 & o SRR e e
& =] - Tk g e /yTONOS i LR R Oy

Boccadasse historic Mediaval City of Rhodes,
center, Genoa, Italy Greece



TuttoAoyieg uvnueiwv TTou Xprndouv I101AITEPNG TTPOCOXNG

TOTTIKEC £DAPIKEC OUVONKEC

ATTOTiMNON YIa EAACTIKA | AVEAQOTIKA ATTOKPION;

ATTOKPION O€ PEYAAEC TTEPIOOOUC

Otav 10 €AAOTIKA @QACHOATA ATTOKPIONG OEV ETTAPKOUV VYIa TNV
TTEQIYPAPN TOU OEIOUIKOU (POPTIOU

2 EIOMIKNA DIEYEPON O€ TTAPATTAVW ATTO Pia d1euBuvon

= Class A

= Class B
= Class C




TuttoAoyieg uvnueiwv TTou Xprndouv I101AITEPNG TTPOCOXNG

* TOTTIKEC £DAPIKEC OUVONKEC
o ATTOTIMNON VIO EAACTIKNA 1] AVEAQCTIKI ATTOKPION;
e ATTOKPION O€ MEYAAEC TTEPIOOOUC
« Otav 10 €AaOTIKA QACUATA ATTOKPIONG
TTEQIYPOAPI) TOU CEICUIKOU (POPTIoU
o 2EI0MIKN OIEYEPON O€ TTAPATIAVW ATTO HIA
* MOVIUEC METAKIVIOEIG
= Class E




NEa KaTnyoploTToinon Twv €0AIKWY OUVONKWV

e 2UVTEAEOTEG gvioxuong yia TIC eDAPIKEC KaTnyopieg Tou EC8

*

L

Type 2 Type 1l
Soil
Class | Pproposed | EC8 |Proposed| EC8
B 1.30 1.35 1.20 1.20
C 2.00 1.50 1.90 1.15
D ’ 1.80 ’ 1.35
£ 2007 | 160 | 1407 | 140

need for more data

estimated from Kik-Net surface and bedrock strong-motionrecords




NEa KaTnyoploTToinon Twv €0AIKWY OUVONKWV

* 2UVTEAEOTEC gvioxuoncg yia TIC edaPIKEC kaTnyopiec Tou ECS8
« KarnyoploTroinon £0a@IKwyY ouvinKwy

ECS K. Pitilakis et al. 2011
800 800
700 | 700 |
600 [ 600 |
[ B1 B2 c1
500 |- 500 |
s 400 | 400 c2
» 300 F = 300
200 | C 200 D1,D2
D
100 PR PP B PP PR 100 1 | |
0 10 20 30 40 50 60 70 80 0 10 20 30 40 50 60 70 80

H (m) H (m)



NEa KaTnyoploTToinon Twv €0AIKWY OUVONKWV

e EAQOTIKA pACHATA ATTOKPIONG ETTITAXUVOEWV

] Type 1-M>5.5 7 Type 2 - M<=5.5

A 6 —

B1 7!‘

B2 B2
c1 s | ct
c2 c2
c3 1 c3
4F E 4 E

A
B1

S,/a
|

0
\ \ \

o

N
o

0 1 2 3 1 3 4

2
T (sec) T (sec)

Proposed Type 1 & Type 2 elastic acceleration response spectra
for Pitilakis et al. (2011) soil classes



NEa KaTnyoploTToinon Twv €0AIKWY OUVONKWV

 EAQOTIKG pACuATA ATTAITAONG

B1-Type 2- ag=0.1g

8 T 1 I \ \
B Pifilakis et al. 2011 7
EC8-Class B-Type 2
g T=025 —
&
&L L |
E
5
=4 —
o
[
o
3 4
Q
<€
2 | —
T=1.2
0 | | | |
0 0.025 0.05 0.075 0.1 0.125 0.15

Displacement (m)

[poreivoueva paouara amairnong yia
karnyopia edapouc¢ B1 kara Pitilakis et
al. (2011), a__=0.1g, TypeZ2

rock

Acceleration (mlsQ)

C2-Type2- ag=0.‘l g
| | |

Pitilakis et al. 2011 1
ECB-Class C-Type 2

T=0.25

T=1.2

0 0.025 0.05 0.075 01 0125 0.15

Displacement (m)

lporeivoueva paouara amairnong yia
karnyopia edapou¢ C2 kara Pitilakis
etal. (2011), a_,=0.1g, TypeZ2

rock



NEa KaTnyoploTToinon Twv €0AIKWY OUVONKWV

 EAQOTIKG pACuATA ATTAITAONG

Acceleration (mlsz)

B1-Type1- ag=0.2g
10 T T T T 1 \

Pitilakis et al. 2011
EC8-Class B-Type 1

T=2

0 0.05

01 0.15 0.2

Displacement (m)

0.25 0.3

[poreivoueva paouara amairnong yia
karnyopia edapouc¢ B1 kara Pitilakis et
al. (2011), a__=0.2q, Typel

rock

0.35

Acceleration (mr‘52)

C2-Typel- ag=0.2g

10 T T T T 1 T

i Pitilakis et al. 2011 ]

- EC8-Class C-Type 1 _
8 T=0.6 L

B T=0.8 i
6 — —
4 _|

T=2 I

2 [— —
0 1 | 1 | 1 | 1 | | | | | 1

0 0.05 01 0.15 0.2 0.25 0.3 0.35

Displacement (m)

lporeivoueva paouara amairnong yia
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2. EIOUIKN TPWTOTNTA MVNUEIWY

ExTipnOoN TNG TPWTOTNTAC
UVNUEIOKWY KOTAOKEUWV
ouVvUTTOAOYioVTaC Kal TNV

A.A.E.O.A.



EKTIUNON TNG TPWTOTNTAC UVNUEIAKWY KATAOKEUWYV
ouvuTroAoyidovtag kal Tnv A A.E.©.A.

uttoBaANovTal o€ OEIoUIKN OIEyEPON

* OEUATIKEG EVOTNTEC

= KaBopIionog Tou TTPORANUATOC

= BIBAloypa@IKn €TTIOKOTTNON

= [IpoTteivouevn pebBodoloyia

o [lapaUETPIKEC AVAAUOEIG
* XapakTnploTIKA BepegAiwong
* 1d16TNTEC £DAPOUC
* AmmoteAéopaTa

= JUMTTEPACUATA



KaBopIopoc Tou TTPORANMATOC



KaBopIiopog Tou TTPOoBANMATOC

* MMapadooiakad: TAAPWG TIOKTWHEVO OUCTNUA  AKOUA KAl
UVNUEIOKEC KATAOKEUEC (OXI aAAnAettidopaon). MNapdAa autd, Ta
uvnueia xapaktnpidovral aTro:



KaBopiouog Tou TpoAAuaTOC

* [Mapadooiakd: TANPWS TIOKTWHEVO CUOTNUA aKOpa  Kal
UVNUEIOKEG KATAOKEUEC (OxI aAAnAettidpaon). MNMapoha autd, Ta
MvNuEia xapaktnpidovral atro:
= 2NMAVTIKEG MACeC (TTAAATIA, KAOTPA KTA)

Piccolomini Palace, Pienza, Italy



KaBopiouog Tou TpoAAuaTOC

* [Mapadooiakd: TANPWS TIOKTWHEVO CUOTNUA aKOpa  Kal
UVNUEIOKEG KATAOKEUEC (OxI aAAnAettidpaon). MNMapoha autd, Ta
MvNuEia xapaktnpidovral atro:
= 2NMAVTIKEG MACeC (TTAAATIA, KAOTPA KTA)
= [TOAUTTAOKOTNTA PEPOVTOC OPYaVIOUOU (TTAAATIA, VAOI KTA)

Piccolomini Palace, Pienza, Ital-y' | Great Master’s Palace, Rhodes, Greece



KaBopiouog Tou TpoAAuaTOC

* [Mapadooiakd: TANPWS TIOKTWHEVO CUOTNUA aKOpa  Kal
UVNUEIOKEG KATAOKEUEC (OxI aAAnAettidpaon). MNMapoha autd, Ta
MvNuEia xapaktnpidovral atro:
= 2NMAVTIKEG MACeC (TTAAATIA, KAOTPA KTA)
= [TOAUTTAOKOTNTA PEPOVTOC OPYaVIOUOU (TTAAATIA, VAOI KTA)
= MeyaAn eukauwia (TTUpyol, KauTTavapia KTA)

Piccolomini Palace, Pienza, Italy' | Great Master’s Palace, Rhodes, Greece Clocktower, Tripoli, Lebanon



KaBopiouog Tou TpoAAuaTOC

* [Mapadooiakd: TANPWS TIOKTWHEVO CUOTNUA aKOpa  Kal
UVNUEIOKEG KATAOKEUEC (OxI aAAnAettidpaon). MNMapoha autd, Ta
MvNuEia xapaktnpidovral atro:
= 2NMAVTIKEG MACeC (TTAAATIA, KAOTPA KTA)
= [1OAUTTAOKOTNTO PEPOVTOG OPYaVIOUOU (TTAAATIA, VAOI KTN)
= MeyaAn eukauwia (TTUpyol, KauTTavapia KTA)

—

‘Evrova <p&|v6|.|£va
: aAAnAemridpaong

=y

s

|

Piccolomini Palace, Pienza, Ital-y' | Great Master’s Palace, Rhodes, Greece Clocktower, Tripoli, Lebanon



KaBopIiopog Tou TTPOoBANMATOC

* [Mapadooiakd: TANPWS TIOKTWHEVO CUOTNUA aKOpa  Kal
UVNUEIOKEG KATAOKEUEC (OxI aAAnAettidpaon). MNMapoha autd, Ta
MvNuEia xapaktnpidovral atro:
= 2NMAVTIKEG MACeC (TTAAATIA, KAOTPA KTA)
= [1OAUTTAOKOTNTO PEPOVTOG OPYaVIOUOU (TTAAATIA, VAOI KTN)
= MeyaAn eukauwia (TTUpyol, KauTTavapia KTA)

—

‘Evrova @aivopeva

aAAnAeTTidpaong

k,clh ‘




KaBopIiopog Tou TTPOoBANMATOC

* AEgiKTEC EUTTEONONG
= EKTipnon OEIKTWY euTTEdNONG WOTE va AapBdavovTtal uttoyn:
* Ta duvapikG XapakKTNPIoTIKA TNG BepeAiwong
* H evdooI1udTNTA TOU UTTOKEIMEVOU £0APOUC
* H oxeTik duokapwia BepeAiwong — edApoug

S ’fj‘.ui M’ S

Foundation

Sail

2TEPED TAOEWV OTNV TTEQITITWON AKAUTITNS (ApIOTEPA) KAl EUKAUTITHC
(0€é1a) BeueAiwong



BiBAloypagikn ETiokotTnoN



BiBAloypa@ikn ETTiokotTnON

* Auvapiki atrokpIion EUKAPTITWY BEPEANIOEWY
= [lapAueTpOI TTOU TNV £TTNPEAlOUV
© 2ZXETIKA OUOKaUWia edAPOUC - BepeAiwong
* 2TPWHATOYPOAPIa UTTOKEIMEVOU £DAPOUC
* Katavoun gopTtiwv
* Auokapyia kal yala Bgpeliwong
* 2UXVOTIKO TTEPIEXOMEVO OEIOHIKNG dIEYEPONG
= 2TATIKA ATTOKPION
MeTaBOAr OTATIKAG aTTOKPIONG AOYW PETAPBOANC TNS OXETIKAG DUOKAUWIOC
£dAPOUC - Bepeiwong
= Auvauikn atrokpion
* H duokauyia Tou €dagoug dev eTTNPEACETAI ONUAVTIKA YIa OIEYEPOEIS
XOaNAOU OUXVOTIKOU TTEPIEXOMEVOU

Gazetas ,1983, Iguchi & Luco, 1981, Gucunski & Peek, 1993, Liou & Huang, 1994, Chen & Hou, 2009



Agv uttdpyxouv oTtnv BiBAloypa@ia oXECEIG UTTOAOYICHOU
OEIKTWV £UTTEONONG YIO KATAOKEUEG ATTO TOolIXOTTOlIOH !!



[TpoTeivopevn ueBodoAoyia



[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

['la xapunAoU ouxVOTIKOU TTEPIEXOMEVOU DIEYEPTEIC () XAMNAEG TIMEC
a,=wB/Vs), K. = Ky, (0116 BiBAIoypagia)

1

Ta Tutnkd cuoTtripaTta €dAagouc — BepeAiwong TTou
XPNOIMOTTOINONKAV ATTOKPIVOVTAI O XAMNAEC OCUXVOTNTEG

stat

Kyt = K

stat

|

EKTiunoN €EAQOTIKWY OTATIKWYV OEIKTWYV EUTTEONONG KAl TTPOTAC
AVTIOTOIXWV KANTTUAWY

dyn




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

Ta Tutnikd ouoTpaTa dAPOUC — BEUEAIWONC YVNUEIWY TTOU
XPNOIMOTTOINONKAV ATTOKPIVOVTAI O XAMNAEC OCUXVOTNTEG




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

* hxB = 1mx1m
foundation (Ew,pw,vw)

— 2B

h

soil (Vs,ps,Vvs)

* hxB = 1mx5m

foundation (Ew,pw,vw)

soil (Vs,ps,vs)



[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

* hxB = 1mx1m

foundation (Ew,pw,vw)
—f— 2B —f

h

soil (Vs,ps,Vvs)

20 ~

16 A

12 A

€W

Transfer Functions
(Bxh=1mx1m - E,=390MPa)

—Vs=150m/sec

—Vs=250m/sec

—Vs=500m/sec
Vs=1000m/sec

MNSAC

2

é 4 f(HZ) 6 8 10

Transfer functions
(Bxh=1mx1m -E,=2200Mpa)
—Vs=150m/sec
—Vs=250m/sec
—Vs=500m/sec
Vs=1000m/sec




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

Transfer Functions
(Bxh=1mx1m - E,=390MPa)
—Vs=150m/sec
—Vs=250m/sec
—Vs=500m/sec

Vs=1000m/sec

* hxB = 1mx1m

foundation (Ew,pw,vw)
—f— 2B —f

h

soil (Vs,ps,Vvs)

- Transfer functions
(Bxh=1mx1m -E,,=2200Mpa)
S — Vs=150m/sec
—Vs=25:0m/sec
—Vs=50§0m/sec
Vs=1 (I:OOm/sec

Vs (m/sec) (Hz)

1000 8.33
500 4.17

250 | 2.08 '
150 | 1.25 = e —




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

O1 ouxvOTNTEC ATTOKPIONC TOU CUOTAMATOC £DAPOUC —
BepeNiLONG, CUUTTITITOUV JE AUTEC TOU £0APOUC
SFS;, = Soil. (yia pikpoU prkoug Bepélia)




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

* hxB = 1mx5m

foundation (Ew,pw,vw)
—— 2B

soil (Vs,ps,vs)

20 -

16 -

12 1

L8 -

Transfer Functions
(Bxh=5mx1m- E,,=390MPa)

—Vs=150m/sec
1 —Vs=250m/sec
—Vs=500m/sec

Vs=1000m/sec

) ) 6 s 10
f(Hz

Transfer functions
(Bxh=5mx1m - E,,=2200MPa)

—Vs=150m/sec
—Vs=250m/sec

] 2 —V/s=500m/sec

Vs=1000m/sec

f\_Aéé

) 4 6 8 10
f(Hz)



[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

* hxB = 1mx5m

foundation (Ew,pw,vw)

—— 2B

soil (Vs,ps,vs)

Vs (m/sec)

(Hz)

1000

8.33

500

417

250

2.08

150

1.25

20 -

16 -

12 1

L8 -

Transfer Functions
(Bxh=5mx1m- E,,=390MPa)
. —Vs=150m/sec
7 —Vs=250m/sec
—Vs=500m/sec
Vs=1000m/sec

1 (Bxh=bmx1m -£,=2200MPa)

& 6 10
f(Hz)

: Transfer functions

—Vs=150m/sec
—Vsi?:SOm/sec
—Vs=500m/sec
Vs=1000m/sec




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

O1 ouxvOTNTEC ATTOKPIONC TOU CUOTAMATOC £DAPOUC —
BepeNiLONG, CUUTTITITOUV JE AUTEC TOU £0APOUC
SFS; = Soil. (yia peydAou pnkoug Bepélia)




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

* Surface foundations

foundation (Ew,pw,vw)

%%ZB%

h
l

soil (Vs,ps,vs)

* Embedded foundations
foundation (Ew,pw,vw)

- 2B f-

:
h
-

sail (Vs,ps,Vs)

12 7

Transfer Functions
(Bxh=1mx1m , Vs=150m/sec, Ew=390MPa)

” —Embedded—Surface

f(Hz)"



[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

O1 ouxvOTNTEC ATTOKPIONC TOU CUOTAMATOC £DAPOUC —
BepeNiLONG, CUUTTITITOUV JE AUTEC TOU £0APOUC
SFS; = Soil. (yia eTiQavelokeEg & eYKIBWTIOPEVEG

OepENWOEIQ)




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

Emropévwg, o UTToAOYIOPOG TOU Q, YIa

. TUTTIKEG YEWMETPIEC KAl
. TUTTIKA UAIKG BgpeAiwong

VIO TIC OUXVOTNTEC TOU £0APOUC




[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

(n Vs 0
2m—=2yB
wB _ (2mf)B _§7 4aH} _ 7B . .
*a, = = = = . (H: soil deposit depth
SRVARERY) v, ol P Pth)
1.8 ap Vs depth 07 - a, vs depth
1.6 - —B=0.25m 06 | —B=0.25m
1.4 —B=0.5m ' —B=0.5m
o ] —B=1m 0.5 - — Be1m
' —B=2m | —B=2
1 B=5m 0.4 m
© 0.8 A © 0.3 -
0.6 - 0
0.4 -
0.2 - 0.1
0 - 0 .
0 25 50 75 100 125 150 0 25 50 75 100 125 150
H (m) H (m)

Dimensionless frequency vs. soil deposit depth for several foundations



[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

(o Vo 0
21M—=1B
_wB _(2mf,)B _§7 4H{ _ mB o .
*a, = = = = , (H: soil deposit depth)
V, V, V, 2H
1.8 ap Vs depth ) 7% a, vs depth
1.6 - —B=0.25m 06| —B=0.25m
1.4 - —B=0.5m ; 3 —B=0.5m
—B-= P 051k —B-=
12. 1 _S_;m _: : B=1m
o T =em : 04 - - —B=2m
: 1 B=5m o
9089 %
;06 1\
0.4
0.2 -
0 . 0 :
"0 25 50 75 100 125 150 "0 25 50 75 100 125 150
H (m) H (m)

Dimensionless frequency vs. soil deposit depth for several foundations



[MpoTeivopevn peBodoAoyia - ZUAAOYIOTIKN TTopEia

['la xapunAoU ouxVOTIKOU TTEPIEXOMEVOU DIEYEPTEIC () XAMNAEG TIMEC
0p), Kyt = Ky (0116 BIBAIOYPOQiQ)

1

Ta Tutnkd cuoTtripaTta €dAagouc — BepeAiwong TTou
XPNOIMOTTOINONKAV ATTOKPIVOVTAI O XAMNAEC OCUXVOTNTEG

stat

ATO BiBAIoypagia: K., = K

|

EKTiunoN €EAQOTIKWY OTATIKWYV OEIKTWYV EUTTEONONG KAl TTPOTAC
AVTIOTOIXWV KANTTUAWY

dyn




[TapauETPIKEC AVOAUCEIC:
1016TNTEC BEPEAiWONC



[MapaueTpikEC avaAuoeic:Id10oTNTEC BepeAiwong

Wall
Foundation . Wall | Soil type at
Partner|asse|  Architectonic Plan dimensions [, o | 9@ | class |  Foundation wall ot | e e o7 | properties- | the level of
1D # Assets Name (mz} (n'?} [11 type thickness (m) elasticity E, density p |foundation -
(m) (MPa) (kg'm Vs {m's)
Knights' Hospice of St. Embedded wall - ) Rock —
AUTH | 1 gyt 25 x 24 2 A hallow 0.25 - 0.50 06 2000 2200 Ver800
. Silty sand —
Neoclassical School M7 x326
AUTH | 2 Rhodes (16.40x 1 | 740 | A Embeg‘éee‘;wa” “| oss5-1.00 1.15-2.35 1450 2200 Scil';'-";‘;:l“_
XIX century 18.45_internal atrium) \V5=280
Hasan Beys' Mansion Embedded wall -
AUTH | 3 18t cent 14.50 x 13.25 2 goo | A hallow 0.55-0.70 4000 2000
Santa Maria del Embedded wall -
AUTH | 4 Castello 14th cent. 26.50 x 20.50 1 15 B shallow ) 2500 )
) Silty sand —
AUTH 5 Suleiman Mosque 16th 26.65 x 13.05 1 15.9 B Embedded wall - ’ 15 2000 ) clayed to
cent. shallow Silty marl -
Vs=280
AUTH | & | Arsenal de Milly 15th 10.50 x 24.80 1 77 B Embeg‘éi‘éwa” - 2 1.9 1800 2000 Vs=300
AUTH | 7 | Spanishinn15thcent. | 35.80 x 17.10 2 | oss| A Embegiiiwa” - 0.40-1.30 2 3000 2200
AUTH | 8 | St Dimitrius Chapel 6.15 x 13.65 1 |3s0]| B Emb?ﬁ:ﬁg‘:’a” ; 0.65 0.35 2600 2000




[MapaueTpikEC avaAuoeic:Id10oTNTEC BepeAiwong

Wall
Foundation . Wall Soil type at
Partner|asset|]  Architectonic Plan dimensions g, s HTG‘;‘agt Class| Foundation wall F°”3§;t‘|'1°“ s mgﬁlﬁfo&f properties- | the level of
ID # Assets Name (m? {I'I'EI]]' [1] type thickness (m) elasticity E,, density p |foundation -
(mj}) (MPa) (kg/m Vs (m's)
AUTH | 9 House at Uziel 9.70 x 11.10 1 4.5 A | Embedded wall - 0.60 - 0.70 05 2540 1800 -
neighborhood shallow
X=61.75 ; Y= 46.05
UNIGE | 10 Colombo palace | 4 o rea-2178.1)| 4 26 | As Continous 1.1+(0.2) [2] - 1500 2100 Type C
(Sanremo, Italy)
(U-Shape Structure)
Castelnuovo Belbo i !
UNIGE | 11 Palace (italy) X=32.28:Y=1427 | 3 143 | A Continous 0.5+(0.2) [2] - 3000 1900 Type C
UNIGE | 12 Geva School X=17.60 ; Y=9.24 3 |1214]| As Continous 0.55+(0.2) [2] - 1500 2100 Type A
(Sanremo, Italy)
UNIGE | 13 Megiia Palace X=15.10 ;¥=2055 | 4 |1125]| As Continous 0.55+(0.2)[2] | @ different 1950 2100 Type C
(Sanremao, Italy) levels
Castillo School X=35.61;Y¥=18.10 ' at different
UNIGE | 14 (Sanremo, Italy) (T-Shape Structure) 3 11.6 | AB Continous 0.63+(0.2) [2] levels 1500 2100 Type A
Vigo Palace v !
UNIGE | 15 (Sanremo, Italy) X=15.95 ; Y= 32.51 3 |1155] As Continous 0.6+(0.2) [2] - 1500 2100 Type C




[MapaueTpikEC avaAuoeic:Id10oTNTEC BepeAiwong

Wall
Foundation , Wwall Soil type at
partner|asset|  Architectonic Plan dimensions [g HTe?‘ar:t Class| Foundation wall FOUSSS:L"” s m’gﬁlﬂfz} properties- | the level of
1D # Assets Name {mz} {n'?} [1] type thickness (m) elasticity E, density p |foundation -
(m}) (MPa) (kg'm Vs (m's)
2000
1230 (Class 1-
Ardinghelli Palace . e , (Class 1- QB) QB)
UNIGE | 18 (LAquila, Italy) X=28.08 ; Y= 39.40 3 13.05 A Continous 0.85+(0.2) [2] 1230 5000 Type A
(Class 2- QA) {Class 2-
QA)
Bell Tower of San
UNIGE | 17 Daniel Church X=6.00;%¥=6.00 - 37.45| C2 Continous 1.50+(0.4) [2] 1740 2100 Type A
(Capoluogo, Italy)
Bell Tower of
UNIGE| 18 Ognissanti Church X=4.90;%Y=4.90 - 3229 | cz2 Continous 0.95+(0.4) [2] 2580 2200 Type A
(Mels, Italy)
Bell Tower of San
UNIGE | 18 |Leonardo Abate Church| X=4.70;Y=4.70 - 2645 | G2 Continous 1.10+(0.4) [2] 1740 2100 Type A
(Capoluogo, Italy)
Bell Tower of San
UNIGE | 20 Marco Church (Gaio, X=3.25;¥=13.25 - 16.35 | C2 GContinous 0.75+(0.3) [2] 1230 2000 Type A
Italy)
Bell Tower of San Pietro
UNIGE | 21 Apostolo Church X=5.50;¥=550 - 322 cz Continous - 1230 2000 Type A
{Capoluogo, Italy)
Continous below Sand soil
Church of San Giovanni v walls and isolated
UMIGE | 22 a Mare (Napoli, Italy) X=37.35;¥=1870 - 11.6 B1 below pillars and 0.8+(0.2) [2] 1100 1700 l'clossee:)) the
columns




[MapaueTpikEC avaAuoeic:Id10oTNTEC BepeAiwong

Wall
Foundation . Wall Soil type at
Partner JAsset Architectonic Plan dimensions Stories HTe(;tar:t Class Foundation wall Foug;l:lt:.lon s mgﬁlﬁfz} properties-| the level of
1D # Assets Name {mz} g [1] type thickness denslt% p | foundation -
(m) (m) (m) elasticity Ey (kg/m®) Vs (m/s)
(MPa) g :
Church of Sant'lppolistol G?Fﬁ"{ﬁs b?l?‘:d
UNIGE| 23 | Martire ad Atripalda | X=28 ;Y= 14.80 146 | B1 ";als 3".” Isola S| o802 2 1100 1700 Rigid soil
(Napoli, ltaly) elow pillars an
! columns
Continous below
Cathedral of Vicoforte v walls and isolated .
UNIGE | 24 (Cuneo, Italy) X=74.20;Y=51.00 22 B1 below pillars and 1.8+(0.4) [2] 1600 1800 Clay sail
columns
Cathedral of Santa Cc;rtino;g b?l?;d
UNIGE | 25 Maria Assunta X=77.40 ; Y= 33.80 225 | By |Walsancisoia 1.0+(0.4) [2] 2100 1800 Clay soil
(Reggio Emilia, ltaly) below pillars and
! columns
EC8type C
(deep
Cathedral st.Nicolas Embedded wall - |, . . . . . deposits of
ZBMK | 26 Ljubljana EIx 25 1 20 B1 deep N/A (guess: ~ 1.0) 1.0 1000 1800 dense sand,
gravel or stiff
clay); V=300

[1]: According to D4-Classification of cultural heritage assets
[2]: The given thickness is the value at the ground floor level plus an average of 0.2m {or 0.4m) (assumed to be the increase of the wall's thickness at the
foundation level)

Na TNV €TIAOYH TWV TTAPANETPWYV AVAAUONG O€ OTI Aa@opA oTnNV BepeAiwon
(TOTTOG BEpEAiWONG, YewWHETPIA, UAIKA) ARPONKaV UTTOWN OTOIXEIO ATTO
UQPIOTAMEVEG MVNHEIOKEG KATAOKEUEG




[MapaueTpikEC avaAuoeic:Id10oTNTEC BepeAiwong

> v
.‘ . .‘ *
N . & -
.
Masonry Typology frn ta ol s G ¥ fu T : E = G W
(Miem2) | (Mfem2) ﬂ‘mem:’) (Mrmrm2) {kMim3) - .
= . o 1l 5| . N i 3
min-mas | min-mas | min-mas | min-mas Tipologia di muratura (Niem®) | (Niem?) |a(N/mm)e| (Nmm') | (kN/m’)
Masonry in disorganized stones (pebbles, ar 60 2 .. 630 = 115 19 Mi . . L
erratic/irregular stones) a0 3.2 [ ioso0f| 178 Min-max | mun-max j min-max g min-max
Masonry in raugh-hewn stone, with faces of 110 3.5 P 1020 51 170 50 Muratura i pietrame  disordinata (clottoli. pietre| 100 2 . 690 o 230
limited thickness and internal nucleus 155 5.1 ] 1440 u| 240 erratiche e irregolari) 180 30 8 1050 [ 350 19
W L
i i i 150 5.6 4 1500 « 250 M i sbozzati to di limit 200 35 W 1020 |® 340
M | t st ' || | d 21 uratura a conci sbozZzafi. con paramento nitato Zl . ZA
asanry in split stones, well lai o0 -4 4 1080 W 330 . - . %
- spessore e nucleo interno 300 51 % 1440 a 480
Masonry in rough hewn soft stone (tuff, maccao, 30 2.8 % 900 : 150 16 : -
etc.) 120 42 o 1260 4 210 _ 260 56 =| 1500 |m 500
5 = Muratura in pietre a spacco con buona tessitura 350 74 - 1950 " 660 71
Masonry in squared stony blocks igg ;g . gggg 3 i?g 22 - .
: Muratura a conci di pietra tenera (tufo, calcarenite, 140 28 m 900 = 300
- f - 180 6 = 1800 % 200 - - 16
u
Masanry in bricks and lime maortar a0 a2 ¥ 2400 § 400 1g ecc.) 240 4.2 . 1260 |7 42
L]
Masonry in half-full bricks with cement mortar 380 o4 : 2800 : E60 . i 600 9.0 : 2400 u 780
{e.g.: double UNI) 500 32 4 3600 4 720 1° Musatuca a blocchi lapidel squadrati 800 120 *| 3200 |2 940 22
L}
MaSDnr\,f_ in perforated brick blocks (percentage 450 30 : 3400 : 680 12 — ] 740 5.0 : 1200 =300
perfaration «< 459%) 600 40 4400 ,| B8O Muratura in mattoni pieni e malta di calce n u 18
2
Masonry in perforated brick blacks, with dry b . 400 92 - 1800 . 600
vertical junctions (percentage perforation < 300 10 @ 2580 =| 430 11 Muratura in mattoni semipieni con malta cementizia 500 24 m| 3500 . 875
m L} [ ]
45%) 400 13 3300, 550 (es.: doppio UNI foratura < 40%) 800 32 ®| 5500 |™ 1400 =
Masaonry in cement blocks 150 9.5 (122000 <440 12 - — - = =
{percentage perforated between 45 - 55%) 200 12.5 |3 2800 can Muratura in bloccli laterizi semipieni (perc. foratura < 400 300 71 3600 |, 1080
2
- - 45% 600 400 " 5400 - 1620 12
Masonry in half-full cement blocks iig éi :g;gg ?gg 14 9 : .
s & Muratura i blocchi laterizi semipieni, con giunti 300 100 4 2700 w 810
. L '
.0 verticali a secco (perc. foratura < 45%) 400 130 o 3600 m 1080 n
N
) ) Muratura in blocchi di calcestruzzo o argilla espansa 150 95 m 1200 T 300
fm=average resistance to compression of the masonry cor o 5 R o . 12
fm=awverage resistance to shearing of the masonry (perc. foratura tra 45% e 65%) 200 125 3 1600 ) 400
E = average value of the normal bending module Muratura in blocchi di calcestruzzo semipiem 300 18.0 '- 2400 o 600
G = average value of the tangential bending module icos . 14
w = average specific weight of the masonry (foratura < 45%) 440 240 #3520m 880
LN
Masonry characteristics according to the Italian code Masonry characteristics according to the Italian code

(OPCM, no 3274) (OPCM, no 3431)
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* ['ewpueTpia Bepeliwong

T 2B (m) |h(m)
h = | | Case 1 0.5
.| |[Case2 |0.50 1
» | |Case3 2
+ 28 —+|Cased 0.5

Caseb5 |1 1
Case b

Case 7 0.5
Case8 |2 1
Case 9 2
Case 10 0.5
Case 11 |10 1
Case 12 2

* [016TNTEC UAIKWV (TOIXOTTOIIO)

Case | E, .. (MPa) | E, (MPa)
1 690 345
2 1800 900
3 1980 990
4 2800 1400
5 2820 1410
6 3400 1700
7 4400 2200
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* ['ewpueTpia Bepeliwong

T 2B (m) |h(m)
h = | | Case 1 0.5
.| |[Case2 |0.50 1
» | |Case3 2
+ 28 —+|Cased 0.5

Caseb5 |1 1
Case b

Case 7 0.5
Case8 |2 1
Case 9 2
Case 10 0.5
Case 11 |10 1
Case 12 2

* [016TNTEC UAIKWV (TOIXOTTOIIO)

Case | E, .. (MPa) | E, (MPa)
1 690 345
2 1800 900
3 1980 990
4 2800 1400
5 2820 1410
6 3400 1700
7 4400 2200
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* EC8- Part1

Ground
type

Description of stratigraphic profile

Parameters

;30 (mU's)

Nep
{hlowz30cm)

oy (KPa)

AUVauIKA XOPAKTNPICTIKA

eddapoug

Rock or other rock-like geological
formation. including at most 5 m of
weaker material at the surface.

> 800

Soil type

V. (m/sec)

Esuil (MPH)

Deposits of very dense sand. gravel, or
very stiff clay. at least several tens of
metres in thickness. characterised by a
gradual increase of mechanical
properties with depth.

360800

=50

>250

A

1000

5332

500

1333

250

333.25

Deep deposits of dense or medium-
dense sand. gravel or stiff clay with
thickness from several tens to many
hundreds of metres.

180 — 360

70 - 250

B
C
D

150

119.97

Deposits of loose-to-medium
cohesionless soil {(with or without some
soft cohesive layers). or of
predominantly soft-to-firm cohesive
soil.

< 180

<15

<70

A soil profile consisting of a surface
alluvium layer with v; values of type C
or D and thickness varying between
about 5 m and 20 m, underlain by
stiffer material with v. = 800 m/s.

5

Deposits consisting, or containing a
laver at least 10 m thick, of soft
clays/silts with a high plasticity index
{PI > 40) and high water content

< 100
(indicative)

10-20

Deposits of liquefiable soils, of
sensitive clays, or any other soil profile
not included in types A—E or §;

Karnyopliotroinon £5a@IiKwyv OXNUATIONWY,

oUpewva pe EC8- Part1
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* EykiBwTiopévEG & * 3 d1euBUlvoEIc POPTIONG
ﬁﬂl(PUVﬁlaKég foundation (Ew,pw,vw) foundation (Ew,pw,vw)
;I;H B Ew, pw,vw) A28 (A28 A
\ ; ok ol lfl §h

uy=1

soil (Vs,ps,vs) soil (Vs,ps,vs)

\ soil (Vs,ps,Vs) 1y
A N foundation (Ew,pw,vw)
b , A+ 2B
£ ] F ' (3 o=
(Ew,pw,vw) ,
J —+-2 B+ K soil (Vs,ps,vs)
a g / +
e
\ soil (Vs,ps,Vs) n
AY
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EykiBwTionéveg &

ETTIPAVEIOKEG
?I;HB%(Ew,pw,vw)
\ K
\ soil (Vs,ps,Vs)
AY
B
A L
(Ew,pw,vw)
gk P
N
! ;
“
§ soil (Vs,ps,Vs)
AY
|

3 01eulUlvoEIg POpPTIONG

foundation (Ew,pw,vw)

| 2B -

foundation (Ew,pw,vw)

| 2B A~

h E‘)szl

13

.-': uy=1
‘j soil (Vs,ps,vs)
KV
foundation (Ew,pw,vw)
| 2B -

% dz=1

soil (Vs,ps,vs)
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* Parameters used in the analyses
© h =05m-1m-2m
B= 0.25m-0.5m—-1m —-5m
OpilovTia & KatakopuPn & OTPOPIKI) CUVIOTWOO
EvKIBwTIOpEVES & ETTIPAVEIOKES BEUENILOOEIC
4 £dagika TTpoiA (EC8)
7 1010TNTEG UNIKWV (E,)

u]

m]

[m]

m}

m]

4

Tavw 2000 ap1OuNTIKEG AVOAUCEIG
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Surface Flexible Foundations

0 2 4 6 8 10 12 14 16
ElesoiI

18 20

» h=0.5m B=0.25m
6 1 x h=1m B=0.25m
* h=0.5m B=0.5m
57 * h=1m B=0.5m
4 - = h=0.5m B=1m
=h=1mB=1m
2 .
1 .
0 T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20
ElesoiI
- Surface Flexible Foundations
6 2 * h=2m B=1m
+ h=2m B=0.5m
5 1 + h=2m B=0.25m
4l + h=2m B=5m
- h=1m B=5m
%3 ] - h=0.5m B=5m
2 4
1 4 _ »
0 T T T T T T T !

Surface Flexible Foundations

7 2 h=0.5m

6
5
4
2
1
0

7
6
5
4
2
1
0

B=0.25m
*x h=1m
B=0.25m
* h=0.5m
B=0.5m
*h=1m
B=0.5m

* h=0.5m
B=1m

= h=1m
B=1m

2 4 6 8 10 12 14 16 18 20

o

Ewl Esoil

_ Surface Flexible Foundations

* h=2m

1 B=1m

+h=2m

1 . + B=0.5m
. +h=2m

B=0.25m

b +h=2m

2 B=5m

-h=1m

£ B=5m

1[4 -h=0.5m

semsssEs2cs@nsssss2s8S8=S2ss2ET B=5m

4 6 8

10 12 14 16 18 20
EwIEsoiI

0 2

Surface Flexible Foundations

40 -
35 4 h=0.5m
B=0.25m
30 xh=1m
B=0.25m
25
- + h=0.5m
%0 B=0.5m
*h=1m
5_—15 B=0.5m
= h=0.5m
10 B=1m
5 " h=1m
B=1m
0 e —
0 2 4 6 8 10 12 14 16 18 20
EwIEsciI
120 _Surface Flexible Foundations
* h=2m
B=1m
100
+h=2m
B=0.5m
80
he + h=2m
B=0.25m
60
*h=2m
B=5m
40
-h=1m
B=5m
20 - - -
f»»’( - h=0.5m
B=5m
0 Rt ——————————,
0 2 4 6 8 10 12 14 16 18 20

EwIEsoiI

Normalized stiffness values for horizontal translational mode of vibration of surface foundations varying in geometry (h=0.5m-2m,
B=0.25m-5m) resting on a homogeneous soil for different values relative stiffness between the foundation and the soil medium

(EwIEsoiI)
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~ Surface Flexible Foundations . SurfaceFlexible Foundations 40 . Surface Flexible Foundations
+ h=0.5m B=0.25m B=0.25m +h=0.5m
6 x h=1m B=0.25m 6 «h=1m B=0.25m
5 * h=0.5m B=0.5m 5 B=0.25m hetm
* h=1m B=0.5m B=0.25m
- h=0.5m -
* h=0.5m B=1m
4 = +h=0.5m
« h=1m B=1m 4 B=0.5m B=0.5m
*h=1m
3 _ * h=1m
% . . %3 B=0.5m B=0.5m
2 - 2 « h=0.5m * h=0.5m
B=1m B=1m
1 1
= h=1m = h=1m
= B=1m
0 T T T T T T T T T T 1 0 : : . . . . . . . |B 1m 0 4 - : | : : : : : : ,
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 1012 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
ElesoiI E‘HIEiSII EwIEsciI
, . Surface Flexible Foundations , _ Surface Flexible Foundations 10 . Surface Flexible Foundations
* h=2m * h=2m
6 * h=2m B=1m 6 | 4 B=1m 100 B=1m
+ h=2m B=0.5m + h=2m +h=2m
5 + h=2m B=0.25m 5 . + B=0.5m - B=0.5m
+ h=2m B=5m ‘ + h=2m e « h=2m
. - h=1m B=5m 7 B=0.25m . B=0.25m
- h= = i . e +h=2m « h=2m
%3 | n=0.smB=em g - B=5m B=5m
. 40 -
2 2 PR -h=1m -h=1m
d B=5m B=5m
G 20 - —
1 _ . 1[G - h=0.5m - h=0.5m
essssissassssssdszsstzzzzzas  B-OM fg—d( B=5m
0 - g = e
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20
ElesoiI EwIEs&il EwIEsoiI

Normalized stiffness values for vertical translational mode of vibration of surface foundations varying in geometry (h=0.5m-2m,
B=0.25m-5m) resting on a homogeneous soil for different values relative stiffness between the foundation and the soil medium
(EwIEsoiI)
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Surface Flexible Foundations

+ h=0.5m B=0.25m
6 x h=1m B=0.25m
+ h=0.5m B=0.5m
51 « h=1m B=0.5m
4 - *h=0.5m B=1m
=h=1mB=1m
2 .
1 .
0 T T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20
ElesoiI
- Surface Flexible Foundations
6 | * h=2m B=1m
+ h=2m B=0.5m
5 1 + h=2m B=0.25m
4 + h=2m B=5m
- h=1m B=5m
%3 ] - h=0.5m B=5m
2 4
1 _ .
0 T T T T T T T !

0 2 4 6 8 10 12 14 16
ElesoiI

18 20

Normalized stiffness values for rotational mode of vibration of surface foundations varying in geometry (h=0.5m-2m, B=0.25m-5m)

Surface Flexible Foundations

7 2 h=0.5m

6
5
4
2
1
0

7
6
5
4
2
1
0

B=0.25m
*x h=1m
B=0.25m
* h=0.5m
B=0.5m
*h=1m
B=0.5m

* h=0.5m
B=1m

=" h=1m
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2 4 6 8 10 12 14
EwIEsoiI

o

16 18 20

_ Surface Flexible Foundations

* h=2m

1 B=1m

+h=2m

] . + B=0.5m
. +h=2m

B=0.25m

b +h=2m

2 B=5m

-h=1m

£ B=5m

1 1 - h=0.5m

B=5m

seassess2ss@us=Es
T

=2
T

10 12 14 16 18 2
EwIEsoiI

0 2 4 6 8

_ Surface Flexible Foundations
4 h=0.5m
B=0.25m

xh=1m
B=0.25m

*h=0.5m
B=0.5m

*h=1m
B=0.5m

= h=0.5m
B=1m

=" h=1m
B=1m

o WeE——
0 2 4 6 8 10 12 14 16 18 20
EwIEsciI
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120 _Surface Flexible Foundations
6 * h=2m
B=1m
100 - : . .
+h=2m
B=0.5m
80 -
o + h=2m
B=0.25m
60 -
| +h=2m
B=5m
40 -
-h=1m
B=5m
20 - - <
f""k - h=0.5m
B=5m
0 - e
0 2 4 6 8 10 12 14 16 18 20
EwIEsoiI
——

resting on a homogeneous soil for different values relative stiffness between the foundation and the soil medium (E /E_ )
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Embedded Flexible Foundations

OI T T T T T T T T T 1
0 2 4 6 8 1012 14 16 18 20

|

: 9

. x xh=1m
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: 7 4h=0.5m
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. 6 -
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§4 +h=0.5m
3 B=0.5m
. = h=1m
T2 B=1m
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. B=1m
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Embedded Flexible Foundations
h=2m
8 B=0.25m
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Embedded Flexible Foundations
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KvB
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®h=1m
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Embedded Flexible Foundations
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i xh=1m
450 B=0.25m
400 - 4h=0.5m
350 - B=0.25m
l"’.\300 R * h=1m
250 - B=0.5m
+h=0.5m
\F200 - B=0.5m
150 ~ ®h=1m
100 - B=1m
E = h=0.5m
50 N B=1m
0 .
0 2 46 8 1012141618 20
EwIEsoiI
1800 Embedded Flexible Foundations
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EwIEsoiI

Normalized stiffness values for horizontal translational mode of vibration of embedded foundations varying in geometry (h=0.5m-2m,
B=0.25m-5m) resting on a homogeneous soil for different values relative stiffness between the foundation and the soil medium
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Embedded Flexible Foundations
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Embedded Flexible Foundations
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9 Embedded Flexible Foundations
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Normalized stiffness values for vertical translational mode of vibration of embedded foundations varying in geometry (h=0.5m-2m,
B=0.25m-5m) resting on a homogeneous soil for different values relative stiffness between the foundation and the soil medium
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Embedded Flexible Foundations
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Normalized stiffness values for rotational mode of vibration of embedded foundations varying in geometry (h=0.5m-2m, B=0.25m-5m)
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0 Embedded Flexible Foundations
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resting on a homogeneous soil for different values relative stiffness between the foundation and the soil medium (E /E_ )
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Surface Foundations
Horizontal stiffness Vertical stiffness Rocking stiffness
(kN/m/m) (kN/m/m) (KNm/m/m)
hi2B E E = £V e
K.={ax|ﬂ[—wJ+b}GB P{u={axlr‘|[—“’]+b}GB KT={axIr‘| —'”J+b}[353 K ={ax[_w] +t:|x[_*]+|:}>GEi3
= E, = E, E,
a b a b a b a b c
0.05 0.0716 0.1565 0.0546 0.1416 -2e-05 0.001 0.000
0.1 0.0848 01711 0.0734 0.1604 - - -Be-05 0.004 0.002
0.2 0.088 0175 0.096 0.187 - - 0.00 0.019 0.011
0.25 0.295 0.743 0.37 0.843 - - -0.003 0.148 0.092
0.5 0.347 0917 0.517 1.165 0.749 1.643 - - -
1 0.329 0.921 0.668 1.446 1.563 5931 - - -
2 0.202 0.506 0.834 1.556 2717 203 - - -
4 0.095 0.197 0.975 1.614 5.898 88.34 - - -
Embedded Foundations
Horizontal stiffness Vertical stiffness Rocking stiffness
(kN/mim) (kN/m/m) (kKNm/mim)
h/2B E E E EY E
l{.={ax|n[—w]+b}GB Ku={a xln[—*]+h}GB b ={axlr‘| JJH]}GEF I{T={ax[_w] +DX[—W]+E}>GE3
E, E, E. E, E,
a b a b a b a b o
0.05 0.074 0.186 0.054 0.14 - - -Ze-05 0.001 0.000
0.1 0.104 0.195 0.074 0.163 - - -Be-05 0.004 0.002
0.2 0.129 0227 0.102 0.195 - - 0.00 0.019 0.011
0.25 0.407 0.906 0.379 0.87 - - -0.003 0.153 0.089
0.5 0.644 1.442 0.608 1.367 - - -0.025 0.788 0.655
1 0.824 2175 0.791 1.999 4 575 11.04 - - -
2 1.150 2.838 1.025 2. 651 14.00 47 14 - - -
4 1.224 3.455 1.086 3.181 49 26 2511 - - -
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* AEN uttdpyxouv OXEOE€IC UTTOAOYIOMOU OEIKTWV ePTTEdDNONG OTNV
BiIBAIOYypa@ia yIO KATAOKEUES ATTO TOIXOTTOlIO

* Exmiunioaue eAatnplakec otabepeg yia 3 dieubuvoelg Kivnong (horizontal
— vertical — rotational) oto KEVTPO BApoucg TNG Bewpoupevng Bepeliwong,
AauBavovrag utroyn:

° Tn duoKapyia Tou €dAPOUC
° Ta XapaKTNPIOTIKA TNG BepeAiwaNnG (TUTTOG, YEWMPETPIA, UAIKQ)

* O TINEC TWwV OEIKTWV EPTTEONONG VIO EUKAMUTITEC OepeNMWOEIC €ival
UIKPOTEPEC ATTO QUTEC TTOU TTPOKUTITOUV ME TNV Bewpnon AKAPTITNG
Oepediwong, KATI TTOU  €TTNPEEAlel ONUAVTIKA TNV  ATTOKPION TWV
KATOOKEUWV

* H petraBoArn tou OcikTn eUTTEdDNONG CUYKPITIKA HWE TNV TTEPITITWON TNG
AKaUTITNG BepeAiwong e¢apraral ammo Tov Aoyo E /E

soil

* ‘Eyive katnyoplotroinon Twv atroTEAEOUATWY WC TTPOC h/(2B)

* [lpoTteivoupe OYXECEIC €KTIUNONG TWV OEIKTWV €EUTTEONONG VYia 8
OIAPOPETIKES TIMEC TOU AOyou h/(2B)



2UJTTEPAC AT

* 'Ewc ka1 80% peiwpévn N SUOKOPWIA VIO EUKAPTITEC
* O puBpuoc PETABOANG TNG OUOKAPWIAG VIO EUKAMUTITEG QUCAVETQI
UE TNV peiwan Tou Adyou E /E

soil

la E, /E. , >18, Trpooeyyiletal n Bewpnon AKautTng BepeANiwang

soil
* Hopiddvria duokapyia augaveTal ue TO TTAATOC TOU BepeAiou
* H karakopugn duokauwia auéaveral JE To UWOC Tou BePeEAiou
* H oTtpooikn duokapyia aucAveTal yia PeYAAEC DIOOTACEIG

* [a empavelakeS BEPNEANIWOEIC

* opIdovTIa duoKauWia PIKPOTEPN ATTO TNV KATAKOPU®N.
* [a eykIBWTIOPEVEC BEPEAIWOEIC

* opi1fovTia duoKauwia TTEPITTOU ioN PE TNV KATAKOPU®N.



EUXAPIOTOUUE
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