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Development of integrated and knowledge based
methodologies for the protection of Cultural Heritage
assets from earthquakes on the basis of optimization and
‘minimum intervention’ approach.
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Based on post-earthquake survey of damages after seismic events, drawbacks and
limitations of the state-of-the-art technologies and approaches have been understood.
Hence, the objective is to overcome the current shortcomings mainly related to:

e use of inadequate intervention techniques

¢ use of inadequate materials
euse of inadequate tools for analysis or dated design methods

e analysis carried out on the basis of limited information
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« | Materials and techniques for intervention |

e | Studies and techniques for structural connections
e | Optimization approach for CH buildings
* | Testing and sub-structuring test methods

* | Monitoring and early warning systems

.

* | Integrated, multidisciplinary approach for CH

e / Standardization
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e 18 partners e 9 Universities ® 6 Enterprises
e 12 countries e 2 Research centres e 1 Public body 5
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THE PROJECT STRUCTURE
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WP1: Project management
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1
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WP3: Damage based selection of technologies

A

A 4

WP4: Optimization of
design for vertical
elements

WP5: Optimization of
design for floors roofs
and vaults

A

~ + “

WP8: Parametric
modelling of structural
behaviour

dissipative systems with

WP6: Connections and

early warning

A
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ﬁ\gv h 4

WP9: Knowledge based
assessment

WP10:

Guidelines [

for end-
users

JL
WP2: Dissemination and exploitation
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Deliveral ble 3.2 s Deliverable 3.4
_ Deliverable 3.1
Deliverable 3.3
Critical review of ing and reil i related to . . . Critical review for the on-site control of the repair technigue and
Critical revi £ methodologi d tools f t of fail ble fail Inventory of earthquake-induced failure mechanisms related to P v
ritical review of mel ologies and tools for assessment of failure possible failure construction types, structural elements, and materials interventions
mechanisms and interventions Dus date: June 2010 Dus cate: September 2010
Due date: June 2010 Submission date: December 2010 Due date: April 2010 P
Submission date: October 2010 \ssmed oy PO Submission dats: September 2010 SuBmizsion date: Febnian 211
Issued by: POLIMI Iesued by: POLIMI Issued by: FOLIMI
WORKPACKAGE 3: Damage based selection of technologies WORKPACKAGE 3: Damage based selecion of technologies WORKPACKAGE 3: Damage based selection of technologies WORKPACKAGE 3: Damage based selection of technologies
Leader: POLIMI
Leader: POLIMI CJECT W Leader. POLIMI
rorone ner. Leader FOLIM
PROJECT N*: 244123 e tmgraled inctedge based o the protecton PROJECTN®: 244123
ACRONYM:  NIKER ACRONYM:  NIKER ] PROSCTN: 28612
TITLE: New i knowledge based app totheprotestion | | coonomaros . Universts & Paosa . TmE New d ge based 3pp fotheprotestion || ranwm : NIKER
of cultural heritage from earthquake-induced risk of cultural heritage from earthquake-induced risk e Mo i W ased e
. P ] BTART DATE: 01 January 2010 DURATION: 35 manths COORDINATOR: Universits di Padova (Italy) : g eage approaches protectior
COORDINATOR: Universita di Padova (ltaly) of cutural from (ke inducad risk
''''''''' : Collshamive Project STARTDATE 01 January 2010 STARTDATE: 01 January 2010 o Erage from earthy
STARTDATE: 01 January 2010 DURATICN: 38 menths - . N
. Y . ‘3mall or medium scaie tcused research project INSTRUMENT: Coliaborative P COCRDINATOR: Universita o Padova (Italy)
INSTRUMENT:  Collaborative Project ) THEME: Ermviromment (Inciuding Cllmate Changs} Small or medium scale focused research project STARTDATE: 01 January 2010 DURATION: 35 manths
Small or medium scale focused research project THEME £ ¢ (including Climate Ch
- marcnment (including Il e ange |
THEME: Environment (including Climate Change) ' 8 L I : Collabomtive Froject
jmail or medium scaie focused research project
ﬁ pos =s bﬂ
D level: PU Rew: FIN Dissemination ese:Py  RexFN

D3.1 Inventory of earthquake-induced failure mechanisms related to construction
types, structural elements, and materials

D3.2 Critical review of retrofitting and reinforcement techniques related to possible
failure mechanisms and requirements

D3.3 Critical review of methodologies and tools for assessment of failure mechanisms
and interventions

D3.4 Critical review for the onsite control of the repair technique and interventions v,
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. TECHNIQUE: [
Local interveniion [ T [ Global infervention [T
D305 Deve|0p| I Ient Of I I laterlals and Structural [wall O [pilar O [floor O [ roof O |archiveuit O | sub- [mi
elament assembly
. . . Material Masonry DO stone O orick O adobe [
techniques for interventions
catalogua}
wond (W] other [ Descrption
Aim of the application / Advantages
I K r R - Seismic mechanism (from damage catalogue)
) Perameters to estimate
Froperty Range of values Improvement
Deliverable 3.5 &1
Development of materials and techniques for interventions placement capacity | w [%]
Due date: December 2010 J & vl
Submission date: M 2011 Enargy diss. capacity EmlEonp [*] _
Issued by: POLIMI Limits ! Apglicakility / Restrictions
WORKPACKAGE 3: Damage based selection of technologies Documented seismic parformances
Applicetion procedures and remarks
Leader: POLIMI
Improved by the simulteneous usa of
PROJECT N°: 244123
ACRONYNE NIKER Possible mistakes in the apolication
T :::L:::‘kd hm:"::" based mhﬁ':lh protection Maintanance suggestions and penodic controls/monitaring ON SITE CONTROLS
COORDINATOR: Universita di Padova (Haly) Long term performance | durability
START DATE: 01 January 2010 DURATION: 36 months Parameters fo estimate
INSTRUMENT:  Collaborative Project st nctardearid o scomirE ndelioe Before the
Small or medium scale focused research project Referances application
THEME: Emvirenment {including Climate Change) After the
application
Property Range of values Improvement
Section monalithism %
EONT_ROLS _ Tensile strength T [M/mm?) %
Preliminary laboratory tests {on the material, on the assemblage, elc.) Compressive strength | f. [Mimm?] L
Initial shear strength f.a [Nimm?] .
Parameters to estimate Displacement capacity | w [3%] .
Property Range of values Improvi | Ductlity ) B wo ¥
Section monelithism B % Energy diss. capacity | Eas/Fim [%] st
Tensile strength f: [NImm?) % _ .
- Compressive strength | f- [Mimm?] Lo Standards andior Recommendations
Dissemination level: PP Initial shear strength foo MMM oo %
Displacement capacity | w [3%] .. % In absence of addressed standards:
Ductlity . P -- % 'Procedures
Energy diss. capacity | Eaa/Eie [%] i description and/or
. = complementa
Standards and/or Recommendations testsp i
Tools and
In absence of addressed standards: equipments
procedure investigation area
description number of tests
tools and Relerences
eguipments
sample
dimensions and
characteristics
number of samples 8
References [
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--t- http://www.niker.eu

N & I Mew Integrated Knowledge based approaches

to the protection of cultural heritage from Earthquake-induced Risk

Usernamae: Password: LOGIN Forget passwerd? CISCLAIMER PUBLICATIONS

CONSTRUGTION | GONSTRUGTION
TYPOLOGIES ELEMENTS

Wal ——y
b . Construction
The Project Typologies

Floor

The NIKER prmoject proposes the E—
oags " conceming e cnseraon f it /N - |
Bulldings and b / conceming the conservation of historic
FPaiacas N | i ¢ buildings in seismic areas, aiming at | ——r 3 =
Arch/Vault | .| Improving the general safety level and

= — B for reducing the loss of artistic value.
% Ll - ¢ § (seemare at hitp:iwww.niker.eu)

-

Columns

a4

N < - _
m"i Sub-Assemblage " T " . v (e i Element

Connections : - . : EEY. Specifications
™ : : L

Religious buildings

i

Failure
Mechanisms

The Catalogue

NIKER Catalogue links earthquake Induced failure mechanisms,
construction typologies and materials, Interventions and
assessment technigues. This alms al knowledge-based optimization
of Interventions and definition of main design parameters and
requirements for materials and intervention techniques.

Free-5tanding
Elements
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D3.7 — Critical evaluation of the effectiveness and compatibility of the new materials

DURABILITY OF COMMERCIAL NATURAL INJECTABILITY OF GROUT
HYDRAULIC LIME MORTARS ADMIXTURES ON STONE
3 MASONRY WALLS

DURABILITY OF FRP APPLICATIONS
ON BRICK MASONRY

BOND BEHAVIOUR
OF FRP APPLIED ON

BRICK MASONRY MICROSTRUCTURAL CHARACTERIZATION OF GROUT TO
STONE MASONRY ORIGINAL MORTAR INTERFACE

‘.:-"‘-.‘.1..".‘r g SRR o b) ; C)
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WP4 RATIONALE

WP4 - OPTIMIZATION OF DESIGN

FOR VERTICAL ELEMENTS

Experimental campaigns carried out

Definition of:

Adequate and feasible
intervention methods for vertical
structural elements

Improvement of laboratory
procedures for evaluating the
intervention methods and
specifications for laboratory

specimens.

a W =
g = ey ity
Stone
hydraulic lime mortar
Regular and irregular
blocks
UNIPD
NTUA
S&B
ENA

Massive walls

Rammed earth

Compaction by
hand

BAM

Fired and unfired bricks

PROF. FRANCESCA DA PORTO

Masonry

Clay brick
cement/earth mortar

Composite

Timber
clay brick
cement mortar

UMINHO

DEPARTMENT ICEA
UNIVERSITY OF PADOVA

Earth block
earth mortar

mech. molded and CEBs

BAM
ITAM
ENA

Mosaics

Ceramic, stone
hydraulic lime,
gypsum mortar

CDCU

11
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WP4 RATIONALE

Experimental campaigns carried out

« Characterize the experimental behaviour of original and strengthened walls, in order to

obtain information on the system performance and the main constitutive laws relevant for
modelling.

* Numerical simulation of the experimental behaviour and perform parametric assessment
to define critical mechanical parameters or define optimized design procedures.

FRP Textile
Grouting strips/Nets belts Others

Lime based, earthen GFRP, PP, PET PE, 3 cm, 5 cm with Steel wire ropes
materials hydraulic mortar

12
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Intervention techniques, testing, modelling, analyses and derivation of design charts/equations.

—Uuiw3
100 —RIW3_B

Farce [kN]

-100

150
—150
Displacement [mm]

1:wc,O — (\/ex / V) : 1:ex,c Q

fwc,s — fwc,O + (Vinf /V) ’ 1:inf,s
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WP5 - OPTIMIZATION OF DESIGN
FOR HORIZONTAL ELEMENTS

WPS5 RATIONALE: WOODEN FLOORS

PROF. FRANCESCA DA PORTO

DEPARTMENT ICEA
UNIVERSITY OF PADOVA

FLOORS
Testing Modeling Parametric analysis
Level of : : FEM : FEM
Investigation PEfmEr - i AT JL ca FEM Linear Non ATt L cd F.EM Non
tests modeling , modeling Linear :
Linear Linear
Identification = Ny —
M onotonic and of in-plane Calibration of ‘;' i
UNIPD | cyclictestson stiffness and global behaviour g;
BOZZA strengthened energy (in-plane strength - -
timber floors dissipation and deformability) : b‘
Element parameters |
: Identification v -
Experimental : L § . !
: : of in-plane Calibration of : ‘ :
in-plane cyclic . : : Influence of planking
stiffness and global behaviour ; : :
ITAM testson . - orientation on the floor
: energy (in-plane strength : :
authentic floor el - 4 stiffness
dissipation and deformability) -
segments |
parameters ,
—— | | Characterization Influence of
| ocal UNIPD F: N =R l and calibration of connections on the
o BOZZA T T behaviour of giobal behaviour of
|"'j| N = l connections floors
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WP5 - OPTIMIZATION OF DESIGN
FOR HORIZONTAL ELEMENTS
WPS RATIONALE: VAULTS

PROF. FRANCESCA DA PORTO

VAULTS
Level of Testing Modeling Parametric analysis
investigation Partner Experimental Analytica FEM FEM Non | Analytica FEM FEM Non
tests modeling Linear Linear modellng Linear Linear
Monotonic and
UNIPD cyclic testson
barrel vaults
Pseudo-
dynamic and
UBATH cyclic testson
arches
Element e g el “‘W ggjétaﬁ;? r?t_;
UPC fq \\ strengthened f o FaiTuro
vaults
< modes
Cadlibration
of design
UNIPD parameters .
for shear
bond
Interaction
of parallel
GUNI vaults with
boundary
. conditions
| Shear bond 3D modlli
Shear bond of ‘== | behaviour a oTbondl ng
UMINHO | compositesto | ¢=[], K \ between — : behaviour on
brick units LIy i A bricks and ) R .
Swingages || A i A AddAddd prisms
composites
Noc Analytical Influence of
Bond of formulation local effects
composites of local on load
UNIPD (pull-off, shear mechanisms capacity.
loads, dowel in Calibration
effect) to bricks | strengthened of pull-off
conditions bond

DEPARTMENT ICEA
UNIVERSITY OF PADOVA
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WP5 - OPTIMIZATION OF DESIGN
FOR HORIZONTAL ELEMENTS

WP5 RATIONALE: WOODEN ROOFS

PROF. FRANCESCA DA PORTO

ROOFS
Testing Modeling Parametric analysis
_Levelof Partner | Experimental | Analytica | FEM FEM | Analytical FEM FEM
investigation : : Non : : Non
tests modeling Linear : modeling Linear .
Linear Linear
Vertical loading
on wooden
trusses rescued
from existing
UMINHO | iiding and
deterioration
investigation on
connections S
Physical and Verification
mechanical of wooden
ENA characterization .fI_oors and
of wooden joists based
materiasin on design
timber el ements criteria _
Influence
Element Modelling @7 Eaite
UNIPD of series of Eiel e
trusses behavi our
of serial
trusses
; Reliability
Modelling the load-
carryi gg tests as?eﬁgmt
UMINHO performed in full-scale Of timber
timber trusses sy
NDT data =
Influence of
oeometric
e pametas
POLIM| SIS seismic
structures vulngrabll|ty
of timber
trusses
Calibration | '
UNIPD of mortise- | & ™
e BOZZA tenon joint .
behaviour ~

DEPARTMENT ICEA
UNIVERSITY OF PADOVA
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WP6 RATIONALE: TECHNIQUES FOR CONNECTIONS

o Testing procedures for the experimental validation of
unreinforced and strengthened connections;

* Innovative techniques relying on ductility and energy dissipation;

* Indications on how to design connection strengthening and
where to source parameters required in the process;

 Tackle the lack of information regarding:

: \ >

Less studied historic Traditional reinforcement Possible use of innovative systems
materials, such as systems, such as timber for connection strengthening,
earthen materials lacing monitoring and early warning

Existing damage

/ Hysteretic device

Drilled hole

Front wall
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I K"-"r WP6 - CONNECTIONS AND DISSIPATIVE
ﬁ SYSTEMS WITH EARLY WARNING

WP6 RATIONALE: TECHNIQUES FOR CONNECTIONS

DEPARTMENT ICEA
UNIVERSITY OF PADOVA

Type of specimen

M aterials— Description of
the structure

Partner

Testing

Type of tests

Strengthening

Connection interface

1 structura element

English-bond brickwork
masonry

UBATH/ CINTEC

Monotonic pull-out

Metallic grouted
anchors w/o dissipative
anchoring devices

Whole connection

2 structural elements

+
strengthening
Earth block masonry/ BAM M onotonic pull-out GFRP/metallic grouted
rammed earth/ cob wall anchors
panels
Rubble stone masonry UMINHO/ Monotonic pull-out Grouted metallic
panels MONUMENTA anchors

T-shaped double-bond
brickwork masonry

UBATH/ CINTEC

Pseudo-static cyclic

Metallic grouted
anchors w/o dissipative
anchoring devices

structures

+
strengthening

Timber carpentry joint ITAM Dynamic cyclic Various (e.g. carbon
plates, nails, high-
friction plates, oak
plates, pin)

Rubble stone masonry UMINHO/ Monotonic pull-out Metallic L profile

panels and timber beams MONUMENTA bolted to beam and
anchored to wall +
ductile anchor

Whole structure Three-leaf stone masonry NTUA Recorded signalson | Timber-lacing
walls with horizontal timber shaking table
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PERFORMANCE PARAMETERS - E.G. ANCHORS

How should one dimension an anchor? What parameters does one need for the
design? How are these parameters identified by tests? How do test compare with
design codes and other references? How can be dissipative devices integrated in

the design?

ULS: 7zd2
:aUM ST fyn: F2U

S T Fy =< ﬂdzlfb = F,

'---.l 3 .\ '.1. LH

Fp =a,M < F,;

F,p: device activation load (yielding of
hysteretic element/sliding of friction
element
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Characterization of the seismic behaviour of original substructures and/or model buildings
and the same strengthened with integrated interventions, coming from previous tests, by
shaking table tests.
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HAKING TABLE TESTS

OF SUB-STRUCTURES
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WP7 — SYSTEMIC IMPROVEMENT OF
OVERALL SEISMIC BEHAVIOUR
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Element

Three-leaf
stone
masonry

Element

Subassembly

Adobe

Subassembly

Adobe + light
timber floor

Subassembly

Adobe +
heavy timber
floor

Subassembly

Adobe + light
roof with stiff
diaphragm

Subassembly

Three-leaf
stone
masonry
piers +
timber floor

Three-leaf
stone
masonry
piers + brick
arches and

cross vault
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SHAKING TABLE TESTS
OF MODEL BUILDINGS

DEPARTMENT ICEA
UNIVERSITY OF PADOVA

Type of Specimen Materials — Partner Testing
specimen Description of the Type of tests Strengthening
structure
1| Model building Three-leaf stone UNIPD Shaking | (8) As-built
masonry + timber table tests. | (b) Grouting
floors (double Motion along
planking and steel two axes
ties)
2[ Model building Three-leaf stone UNIPD Shaking (a) Grouting
masonry + timber table tests.
floors (double Motion along
planking and steel two axes
ties)
3| Model building Three-leaf stone NTUA Shaking (a) As built
masonry + timber table tests. | () Grouting of
floors Motion along | masonry and
two axes enhancement of
diaphragm action of
floors
4| Model building Three-leaf stone NTUA Shaking | (8) As built
masonry + timber table tests. | (b) Grouting
floors + timber laces Motion along | (¢) Enhancement of
two axes diaphragm action of

top floor

o

=}

S}
1

N

13y

o
T

Acceleration A3X (m/s?)
N o
3 8

|
o
o
o

o
(&

10

Time (sec)
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IKER =i - L IKiR

Deliverable 8.1 Deliverable 8.2
Simplified and complex models of in- and out-of-plane Development of reliable numerical models and
response to be implemented in global analyses assessment of connections and substructures

pde i D8.1 — Simplified and complex o oo o

Iszued by xxx Eesuad by UMINHO

m Od e I S Of i n - a n d O Ut-Of_ p I a n e WORKFACKAGE B: Parametric modelling of structural behaviowr Leadar: UMINHD

WORKPACKAGE B: Parametnc modelling of structural behaviour Leader: UMINHD

o sus response to be implemented in | we

ACRONYM:  NEER - . ==
. _ ACRONTM:  NBER
TITLE= Mow integrtad knowledge hased approaches to the proe ciion TITLE: New Intagrated knowistgs bassd approaches to the protaction

of cultural haritage from sarthquaks-induced risk g I O b a I a n a Iyse S . of cuttural heritags from sarthquaks-Inducsd risk

COOADMATOR: Uniersiia di Padowa (ltakd COCRDINATOR Untvarsits ol Padava (italy)

. T .
STARAT DATE: o Jnnuurr'zl'lll}- DURATION: 35 months START CATE @1 January 2010 DURATION: 36 manins
BETAUMIENT: a?m Projeci teusod o INSTRUMENT: Collsboraive Project

; or H'l\il- scala .Il resaach project Smill or madum sC3ia focusad rasaarch projact
THEME: Emviranmant (including Climata Changa) THEME: Emiranman (Incuding CRmaa Changs)

D8.2 - Development of reliable
numerical models and
assessment of connections and
substructures

Cissaminatian kaval: PU Rav: 00

Dissemination lovel: PU

f

23
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Deliverable 8.3

Parametric study of bulldings according to geometry, Intervention

techniques, stlffness of horizontal elements, connections

D8.3 — Parametric study of buildings according to intervention
techniques, stiffness of horizontal elements, connections

0.2
0.18
Due date: March 2012 .16
Submission date: X0
Issued by: UMINHO 0.14
0.12
IC
WORKPACKAGE 8: Parametric modelling of structural behaviour Leader: UMINHO = 01
0.08
PROJECT N= 244123 0.06
ACGRONYM NIKER 004 —transept
TITLE: New integrated knowledge based approaches to the protection 0.02 — )N
of cultural heritage from earthquake-induced risk s
COORDINATOR: Universita di Padova (Italy) 4]
START DATE: 01 January 2010 DURATION: 36 manths 0 10 20 ELY 40 50

INSTRUMENT: Collaborat oject
Small or madium scale focused research project

THEME: Environmant {including Climate Changa)

displacement (mm)

1
m©
// e refere
0,05 nce

0 10 displacel%%nt (mm) 30 40

Rev: 00

Dissemination level: PU

Influence of floor stiffness on the distribution of

horizontal loads among walls;
Different types of constructions;
Various geometric features;
Various mechanical parameters;

Various tyoes of analyses.

g4 'f
L5 ““f
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Dellverable 8.4
Reliably guantification of building performance and

response parameters for use in seismic assessment and design

Due date: June 2012
Submission date: X3
Issued by: UMINHO

WORKPACKAGE 8: Parametric modelling of structural behaviour Leader: UMINHO

PROJECTN®= 244123

ACRONYM NIKER

TITLE: New integrated knowledge based approaches to the protection
of cultural heritage from earthquake-induced risk

COORDINATOR: Universita di Padova (ltaly)

2010

START DATE: D1 J; DURATION: 36 months

NSTRUMENT:  Coll e Pro
Small or medium scale focused research project

THEME Emnvironment (including Climate Changa)

I

11
11
L

| =
C)_

g o s [
e ——

Rev: 00

WP8 — SYSTEMIC IMPROVEMENT OF PROF. FRANCESCA DA PORTO
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D8.4 — Reliable quantification of building performance and
response parameters for use in seismic assessment and design
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 Displacement based design applied to a masonry structure;

e Seismic performance of strengthened two-story buildings;

* Seismic performance of strengthened historical single nave churches;

e Analytical approach for the seismic risk assessment of traditional earthen buildings25
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WP9 RATIONALE

Evaluate and validate proposed methods for knowledge based assessment

SELECTION (20 cases)
The collection of building has been chosen to cover different cases regarding:

Significance of the building as CH

Structural features and typology. Towers, fortresses, churches, palaces, other.
Auvailability of information history (construction technologies, historical events...)
Local seismicity. Low, moderate and high seismic locations

dPresent and foreseen future uses and number of people at risk.

iIn some cases, presence of valuable artistic contents.

Present condition and damage. Almost intact to severely damaged/partially collapsed.
WPossibility of carrying out interventions.
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ASSESSMENT

PROF. FRANCESCA DA PORTO

DEPARTMENT ICEA
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From left to right, top to
bottom: Hagia Sophia
Museum (Trabzon), Ras
Cherratine Medersa (Fez),
minaret of the Hadzi-
Alija’s mosque (Pocitelj,
Bosnia-Herzegovina),
Former Casa da Braganca,
Foundation Head Office in
Lisbon, Preceptory in
Ambel, Spain, Os
Jerénimos Monastery
(Lisbon), Cansignorio
Stone Tomb (Verona)
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Case studies affected by the 2009 earthquake in I'Aquila:
S. Biagio and S. Giuseppe churches, Spanish Fortress, S. Agostino church,
S. Silvestro Church, Civic Tower, S. Marco church.
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Public bodies, I Kﬁ R Stakeholder,
. \
authorities owners
Architects/Eng Service
ineers cuopo | providers
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e
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& research ™ turore WORLD companies
- D10.1: GUIDELINES FOR DESIGN & EXECUTION OF INTERVENTIONS
- D10.2: GUIDELINES FOR ASSESS. & IMPR. OF CONNECTIONS & BUILDINGS TECH
- D10.3: GUIDELINES FOR STICK-SLIP & HYSTERETIC DISSIPATIVE ANCHORS
- D10.4: GUIDELINES FOR SEISMIC ANALYSIS & KNOWLEDGE BASED ASSESS METH

- D10.5: INTEGRATED METHODOLOGY FOR PROTECTION & IMPROVEMENT OF CH
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