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PRINCIPLES AND METHODOLOGIES FOR 
CONSERVATIVE STRUCTURAL RESTORATION
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Restoration was in the past reserved to few monumental buildings. Restorers

were few experienced professionals who took care for years and sometime for

their professional life of the same monument or group of monuments.

Historic centers suffered for long time the effects of the lack of adequate

maintenance of historic buildings.

On the other hand in high schools and universities, teaching of traditional

materials like masonry and timber was replaced by concrete, steel and new high-

tech materials.

As frequently happened in the recent past, due to lack of knowledge and of

appropriate analytical models, traditional materials were simply treated as

modern homogeneous materials.

Analysis and restoration of historic buildings (I)
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Typical consequence was, for

example, the assumption for

masonry structures, especially, in

seismic areas that they should

behave like a ñboxòwith stiff

floors and stiff connections

between the walls, no matter

which was their geometry or

material composition.

The strengthening project implied

the use of the same intervention

techniques: substitution of timber-

floors and roofs with concrete

ones, wall injection by grouts, use

of concrete tie beams inserted in

the existing walls.

 
Collapse of a repaired

walls

Separation of leaves in a

repaired stone masonry

Analysis and restoration of historic buildings (II)
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Carefullyconsideringwhat hasbe learnedfrom the past and ongoingexperiences,new
conceptsandtoolsareenteringinto codesandstructuraldesignpractice:

ü the differentiationof safetylevelfor different classesof existingstructures;

ü assessmentof mechanical properties of structures and materials with no real
statisticalevaluations(estimationbasedon limited data);

ü globaland localmodelsto beusedfor structuralanalysis;

ü the evaluationof safetybasedon pure equilibrium considerations;

ü the use of qualitative evaluation of structural performances (observational
approach: the existingstructuresasa modelof itself);

ü formalisticsafetyverifications: improvementvsretrofitting ;

ü the limitation of interventions at the minimum possiblelevel, dependingon the
level of knowledge of the structure and on the use of appropriate
investigations/monitoringtechniques;

ü the removability of the interventions and the compatibility of
traditional/modern/innovativematerialsandconstructiontechniques.

Analysis and restoration of historic buildings (III)
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Codes

- ISO 13822 ïbases for design of structures ïassessment of existing structures

(first edition 2001)

- Italian Building Code for design, assessment and seismic retrofitting ï

Chapter 8: existing buildings (NTC 2008)

- prEN 1998-3 Eurocode 8ïDesign of structures for earthquake resistance Part

3: assessment and retrofitting of buildings

Guidelines

- ISCARSAH Recommendations for the analysis, conservation, and structural

restoration of architectural heritage

- Italian Guidelines for the assessment and the reduction of seismic risk of

cultural heritage (2006)

Safety standards for historical structures
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ISO 13822

ī The continued use of existing structures is of great importance because the

built environment is a huge economic and political asset, growing larger

every year. The assessment of existing structures is now a major

engineering task.

ī The structural engineer is increasingly called upon to devise ways for

extending the life of structures whilst observing tight cost constraints.

ī The establishment of principles for the assessment of existing

structures is needed because it is based on an approach that is

substantially different from the design of new structures, and requires

knowledge beyond the scope of design codes.

ī The ultimate goal is to limit construction intervention to a strict

minimum, a goal that is clearly in agreement with the principles of

sustainable development.

Rules for study, diagnosis and safety evaluation (I)
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ISO 13822 ï§ 7.4

The conclusion for the assessment shall withstand a plausibility check. In

particular, discrepancies between the results of structural analysis (e.g.

insufficient safety) and the real structural condition (e.g. no signs of distress or

failure, satisfactory structural performance) shall be explained.

Note: many engineering models are conservative and cannot always be used

directly to explain an actual situation.

Rules for study, diagnosis and safety evaluation (II)
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ISO 13822 ï§ 8.1

Safety assessment: structures designed and based on earlier codes, or designed and

constructed in accordance with good construction practice when no codes applies, may be

considered safe to resist actions others than accidental actions (including earthquake)

provided that:

- Careful inspection does not reveal any evidence of significant damage, distress or

deterioration

- The structural system is reviewed, including investigation of critical details and checking

them for stress transfer

- The structure has demonstrated satisfactory performance for a sufficiently long period of

time for extreme actions due to use and environmental effects to have occurred

- Predicted deterioration taking into account the present condition and planned

maintenance ensures sufficient durability

- There have been no changes for a sufficiently long period of time that could significantly

increase the actions on the structure or affect its durability, and no such changes are

anticipated

Rules for study, diagnosis and safety evaluation (III)
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knowledge

phase

Seismic assessment of an existing masonry building

Geometrical survey

Damage pattern survey

Historical investigation

Seismic history analysis

Mechanical characteristics

Investigation phase: execution of 
MD/ND tests

Connections , boundary conditions

Definition of the structural system

analysis

phase

Preliminary elastic analysis

Are data available sufficient for the 
successive steps ?

NO YES

It is possible to
go back to 1?

NOYES

1

2

Execution of parametrical analyses

Limit Analysis Non linear modelling

Comparative evaluation

Seismic assessment

Seismic vulnerability evaluation

knowledge

phase

Safety assessment of an existing masonry building

Geometrical survey

Damage pattern survey

Historical investigation

Seismic history analysis

Mechanical characteristics

Investigation phase: execution of 
MD/ND tests

Connections , boundary conditions

Definition of the structural system

analysis

phase

Preliminary elastic analysis

Are data available sufficient for the 
successive steps ?

NO YES

It is possible to
go back to 1?

NOYES

1

2

Execution of parametrical analyses

Limit Analysis Non linear modeling

Comparative evaluation

Safety assessment

Vulnerability evaluation

Generalmethodologyconceptsare the achievement
of the stepscontainedin phase:

1. knowledgeof structureandmaterials

2. Use of the obtained data for evaluation
purposes

The two conceptuallysubsequentevaluation phases
arenot a one-wayprocess,but feedbackto the results
of the structural analysis must come from the
reiterativecheckof the evidencesemergedin phase1.

Datausefulfor the numericalanalysis,but that cannot
be collected in the investigation process, will be
parametrically evaluated by means of sensitivity
analyses.

Scientific methodology
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Recommendations for the analysis,conservation andstructural 

restoration ofarchitectural heritage

Guidelines

1. General criteria

2. Acquisition of data: Information and Investigation

2.2 Historical and architectural investigations
2.3 Investigation of the structure
2.4 Field research and laboratory testing
2.5 Monitoring

3. Structural behaviour

3.1 General aspects
3.2 The structural scheme and damage
3.3 Material characteristics and decay processes
3.4 Actions on the structure and the materials

4. Diagnosis and safety evaluation

4.1 General aspects
4.2 Identification of the causes (diagnosis)
4.3 Safety evaluation

4.3.1 The problem of safety evaluation
4.3.2 Historical analysis
4.3.3 Qualitative analysis
4.3.4 The quantitative analytical approach
4.3.5 The experimental approach

4.4 Judgement on safety

5. Decisions on interventions - The Explanatory Report
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IscarsahGuidelinesς§ 2ςAcquisition of data: Information and Investigation

Interdisciplinaryapproachthat goesbeyondsimpletechnicalconsiderations.
Investigatingteam: incorporatesa range of skills appropriatedto the characteristicsof the
building.

WHYMULDISCIPLINARYINVESTIGATIONISNECESSARY?

- the knowledgeof the old buildingconstructiontechniqueandmaterialswaslost
duringthe lastcentury,therefore it hasto be rebuilt;
- buildingsbelongto constructiontypologieswhicharedifferent accordingto the

buildinguseandto the localmaterials;
- masonryisa compositewith different sectionmorphology: one-two-three leaves,
regularirregular,madewith brickand/or stones
- analyticalmodelsshouldbe calibratedbyexperimentalinvestigationandapplied
appropriatelyto checkthe structuralsafety.
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IscarsahGuidelinesς§ 2ςAcquisition of data: Information and Investigation

Thisknowledgecanbe reachedby:

- a descriptionof theǎǘǊǳŎǘǳǊŜΩǎgeometryandconstruction;
- definition,descriptionandunderstandingof ōǳƛƭŘƛƴƎΩǎhistoricandcultural significance;
- descriptionof the originalbuildingmaterialsandconstructiontechniques;
- historicalresearchcoveringthe entire life of the structureincludingboth changes and
anypreviousstructural interventions;
- descriptionof the presentstateincludingidentificationof damage,decayand possible
progressivephenomena, usingappropriatetypesof test;
- descriptionof the actionsinvolved,structural behaviourandtypesof materials;
- a surveyof the site, soilconditionsandenvironmentof the building.
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IscarsahGuidelinesς§ 2ςAcquisition of data: Information and Investigation

Historicalandarchitecturalinvestigations: the purposeis to understand:
- conceptionandthe significanceof the building,
- techniquesandskillsusedin its construction,
- subsequentchangesin both the structureandits environment
- anyeventsthat mayhavecauseddamage.

Surveyof the structure: direct observationisanessentialphaseof the study:
- identifyingdecayanddamage,
- if phenomenahavestabilised,
- determiningimmediaterisksandurgentmeasuresto be undertaken,
- identifyingenvironmentaleffectson the building.

Record drawings should map different kinds of materials, any decay and any structural
irregularitiesanddamage,payingparticular(but not exclusive)attention to crackpatternsand
crushingphenomena.
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IscarsahGuidelinesς§ 2ςAcquisition of data: Information and Investigation

Field researchand laboratory testing: Testsusuallyaim to identify the variousmechanical,
physicaland chemicalcharacteristicsof the materials,the stressesand deformationsof the
structureandthe presenceof anydiscontinuitieswithin it.
Non-destructivetestsshouldbe preferredto thosethat involvealterationsto a structure.

Monitoring: allowsto evaluatethe structuralbehaviourof the structureovera periodof time,
not only to acquireusefulinformation whenprogressivephenomenais suspected,but alsoto
scheduleof the maintenanceworks and indicate the possiblenecessityof strengtheningor
repair interventions,duringa step-by-stepprocedureof structuralrenovation.
Monitoring activitiesstart with the basicvisualinspection,to evaluatemacroscopicchangesin
the structure (damage pattern onset, widening of existing cracksΧ), until sophisticated
electroniccontrolson significantmechanicalor physicalparameters.
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Church Walls

Church Tower 

Civil Building
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Example of laboratory testing (I)

Chemical analysisof mortar sampled in Campi Alto di Norcia (PG) 

- Binder is putty lime
- Aggregate is mainly calcareous and its ratio 

with the binder is around 1: 2 to 1: 2,5 
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Physical tests of the stones specimens

sampled in Montesanto and Roccanolfi

(PG): water absorption (capillary rise)
Stones sampled from Montesanto e Roccanolfi
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Uniaxial Compression Tests on cylinders of stone sampled 
from MONTESANTO and ROCCANOLFI  [D=5 cm H=10 cm]

MS-white scaglia

MS-pink scaglia

RC-white scaglia

RC-pink scaglia

RC-sandstone

MS-travertine

Mechanical tests of the stones

specimens sampled in Montesanto and

Roccanolfi (PG): compression tests

Example of laboratory testing (II)
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Wherean important crackpattern is detectedand its progressivegrowth is
suspecteddue to soil settlements, temperature variationsor to excessive
loads,the measureof displacementsin the structureasfunction of time has
to becollected.

Example of a dynamic monitoring system:  

Qutb Minar ïNew Delhi (India)

Pakistani seismic event:  
- time history recorded by the monitoring

systemς09:29:20, 8th Oct/2005CPUtime

- Fourier transform
- positioning of the accelerometers in the 

Qutub Minar 

CH1

CH2

CH3

CH4

CH5

CH6

CH7

CH8

0.62 Hz 1.96 Hz 3.82 Hz



The Preservation of Historic Architecture 
Safeguard and Promotion of a European Cultural Heritage 

Considerations on the Romanian Reality
Monday, April 4th, 2011

CH1

CH2

N

CH3

CH4

N

ACCELERATION TRANSDUCERS

ANEMOMETER

DISPLACEMENT TRANSDUCERS

TEMPERATURE AND RH SENSORS

Cracks opening

-0.06

-0.04

-0.02

0

0.02

0.04

0.06

26-set-06 01-ott-06 06-ott-06 11-ott-06 16-ott-06 21-ott-06 26-ott-06 31-ott-06 05-nov-06 10-nov-06

date

0

5

10

15

20

25

30

35

crack 1

crack 2

T1

T2

mm °C

Example of a monitoring system for the control 

of the behavior:  Qutb Minar ïNew Delhi (India)
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ÅPositioning of sensors:

1 - acceleration transducers 

2 - temperature and R.H. sensor 

3 - displacement transducer 

4 - wind velocity and direction 

transducer

ÅData acquisition and analysis
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IscarsahGuidelinesς§ 3ςStructuralbehaviour

Thebehaviourof anystructureis influencedby:
a) the structuralform its qualityandthe connectionsbetweenstructuralelements;
b) the constructionmaterials
c)mechanicalactionsandchemicalandbiologicalactions.

Structuralschemeand damage: the realbehaviourof a buildingis too complexto fully model
and it is necessaryto representit with a simplified'structural scheme',i.e. an idealisationof
the building.

Material characteristicsand decayprocesses: Material characteristics(strength,stiffnessΧ),
the basic parametersfor any calculation,may be reduced by decay causedby chemical,
physicalor biologicalaction.

Actionson the structureand the materials:

1 - Mechanical actions

ïacting on the structure

i) Static actions
a) Direct actions (i.e. applied loads)

b) Indirect actions (i.e. applied strains)

ii) Dynamic actions (imposed accelerations) 

2 - Physical,  Chemical and Biological actionsïacting on the materials
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IscarsahGuidelinesς§ 4ςDiagnosisandsafetyevaluation

Modern codesof practiceadopt a conservativeapproachinvolvingthe applicationof safety
factors to take into accountthe variousuncertainties. Thisis appropriatefor new structures
but it is not appropriate in historic structureswhere requirementsto improve the strength
mayleadto the lossof historicvalue.

Diagnosis: identifiesthe causesof damageanddecay,on the basisof acquireddata.

Safetyevaluation: methodsof structural analysisusedfor new constructionmay be neither
accuratenor reliable for historic structuresand may lead to inappropriatedecisions. Thisis
dueto suchfactors:

- difficulty in fully understandingthe complexityof anexistingbuilding,
- uncertaintiesregardingmaterialcharacteristics,
- unknowninfluenceof previousphenomena(soilsettlementsΧ),
- imperfectknowledgeof alterationsandrepairscarriedout in the past.

A quantitativeapproachbasedon mathematicalmodelscannotbe the only procedureto be
followed: it is the combinedanalysisof the information obtainedwhichmayleadto the 'best
judgement'.
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IscarsahGuidelinesς§ 4ςDiagnosisandsafetyevaluation

Historicalanalysis: Knowledgeof what occurredin the pastcanhelp to forecastfuture static
anddynamicstructuralbehaviour.
Althoughsatisfactorybehaviourshown in the past is an important factor for predicting the
survivalof the buildingin the future, it isnot alwaysa reliableguide.

Qualitative analysis: comparisonbetweenthe presentconditionof the structureand that of
other similarstructureswhosebehaviourisalreadyunderstood.
Thisapproach(inductiveprocedure)is not entirely reliable becauseit dependsmore upon
personaljudgementthan on strictly scientificprocedures.

The quantitative analytical approach: modern structural analysis,on the basisof certain
hypotheses(theory of elasticity, theory of plasticity, frame models,etc.), draws conclusions
basedon mathematicalcalculations.
Uncertaintieson materialcharacteristicsandstructuralbehaviourandsimplificationsadopted
mayleadto resultsnot reliableanddifferent from the real situation: mathematicalmodelsof
damagedstructurewill help to evaluatesafetylevels.
Evenwhen the resultsof calculationsand analysiscannot be precise,they can indicate the
flow of the stressesandpossiblecriticalareas.
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Adequatemaintenancecanlimit the needfor subsequentintervention.

The basisfor conservationand reinforcementmust take into account
both safety evaluation and understanding of historical / cultural
significanceof the structure.

Each intervention should, as far as possible, respect the original
conceptandconstructiontechniques.

Wherethe applicationof current designcodeswould lead to excessive
interventions that would involve the loss of historic fabric or historic
character, it is necessaryto provide adequate safety by alternative
means.

Repairisalwayspreferableto replacement.

Dismantlingand reassemblyshouldonly be undertakenwhen required
by the nature of the materialsand structure and when conservationis
moredamaging.

IscarsahGuidelinesςRemedialmeasuresandcontrols

Lack of maintenance: 

rural building in Milan 

in 1980 and 1998
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IscarsahGuidelinesςRemedialmeasuresandcontrols

Thechoicebetweenάtraditionalέandάinnovativeέtechniquesshouldbe determinedon a
case-by-casebasiswith preferenceto thosethat are least invasiveandmost compatiblewith
heritagevalues,consistentwith the need for safetyand durability. Whennew productsare
usedall possiblenegativesideeffectsmustbe considered.

Interventionsshouldnot be visible, bur when that is impossiblethe aestheticimpacton the
monumenthasto be carefullyconsideredbeforetakinganyfinal decision.

Where possible,any measuresadopted should be άreversibleέto allow their removaland
replacementwith moresuitablemeasuresif newknowledgeisacquired.

At times the difficulty of evaluatingboth the safety levels and the possiblebenefits of
interventionsmay suggestan incremental approachόΨŘŜǎƛƎƴin ǇǊƻŎŜǎǎΩύΣbeginningwith a
minimumintervention,with the possibleadoptionof subsequentsupplementarymeasures.

Any proposal for intervention must be accompaniedby a programme of monitoring and
control to be carriedout, asfar aspossible,while the work is in progress.
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IscarsahGuidelinesς§ 5ςDecisionson interventions: the explanatoryreport

Decisionsregardingany interventionsshouldbe made by the team and take into account
both the safetyof the structureandconsiderationsof historiccharacter.

Theexplanatoryreport is a commentaryupon the more detailedspecialistreports. It needs
to be a critical analysisof the stepsandof the decisionstakenby the team.

Thepurposeis to explainthose thingsthat cannotbe reducedto calculations,makingclear
the reliability of the data,the hypothesesusedandthe choicesmadein the design, showing
the obtainedimprovementin the structuralbehaviour.

Many of the steps in the processwill involve a number of uncertainties, which must be
explainedin the report. Uncertaintiesinclude:

ωThenatureof the structuralscheme;

ωKnowledgeof anyweaknesses;

ωThepropertiesof the materials;

ωThenatureof the loadingandother actionsuponthe structure.



The Preservation of Historic Architecture 
Safeguard and Promotion of a European Cultural Heritage 

Considerations on the Romanian Reality
Monday, April 4th, 2011

IscarsahGuidelinesςStructuraldamage,material decayandremedialmeasures

When the causesof decayand damagehave been establishedis it possibleto plan the
correct implementation of techniques and select the appropriate materials for the
conservation. A first important factor in selectingappropriate intervention methods is the
type of deformationsthat the structurehassuffered,and in particularwhether or not these
deformationshavestabilised.

A preservationplanmayonly be developedand appliedafter completionof a systematicin-
field and laboratoryexamination.
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IscarsahGuidelinesςSoilsettlements

Oftensoil settlementshavenot stabilisedand in suchcasesthey arean important andoften
verycomplicatedphenomenaaffectingstructuralbehaviour. It is necessaryto determine the
trend of the phenomenaand the consequencesof increasingdeformationson the structure.
Amonitoring systemisusuallynecessary.

In generalthere aretwo possiblecourseof action:

1 - to eliminatethe causeby reducingthe effectsupon the soil, possiblyby stabilising the
water table,or to improvethe stiffnessof the foundations;

2 - to increasethe strengthof the structure to valuessufficientto resistthe induced
stressesandto provideincreasedstiffnessandcontinuity.
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IscarsahGuidelinesςMasonrybuildings

Theterm masonryrefers to stone, brick and earth basedconstruction (i.e. adobe,pisé de
terre, cob, etc.). Masonrystructuresare made of materialsthat have low tensile strength
andmayshowcrackingor separationbetweenelements.

Theanalysisof masonryrequiresthe identificationof the characteristicsof the constituents
of this compositematerial: type of stoneor brick,andtype of mortar.

Masonrystructuresrely upon the effect of the floors or roofs to distribute lateral loadsand
so ensuretheir overallstability: it is important to examinethe dispositionof suchstructures
andtheir effectiveconnectionto the masonry.

The main causesof damageor collapseare vertical loads; horizontal forces are usually
producedby the thrust of archesor vaultsand may becomedangerousif not balancedby
other structuralelements(heavywallsandabutments,tie barsΧ). In seismicareashorizontal
forcesmaybecomeproduceextensivedamageor collapse.

In-plane lateral loads can causediagonalcracksor sliding. Out-of-plane or eccentricloads
maycauseseparationof the leavesin a multi-leaf wall or rotation of an entire wall about its
base(horizontalcracksat the basemight be seenbeforeoverturningoccurs).
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Particularlyattention hasto be paid to largewalls constructedof different kindsof material
(cavitywalls, rubble filled masonrywalls and veneeredbrick walls with poor quality core):
the core material maybe lesscapableof carryingload and it canproducelateral thrustson
the faces. In this type of masonry the external leaves can separatefrom the core: it is
necessaryto determineif the facingandthe coreareactingtogetheror separately.

Variousstrengtheninginterventionson wallsareavailable:

- consolidatinginjection of the wall with grout (the appropriate fluid mortars based on
lime,cementor resinsdependson the characteristicsof materials)

- repointingof the masonry,

- verticallongitudinalor transversereinforcement,

- removalandreplacementof decayedmaterial,

- dismantlingandrebuilding,either partiallyor completely.

Tiesmade of appropriate materials can be usedto improve the load-bearingcapacityand
stabilityof the masonry.

IscarsahGuidelinesςMasonrybuildings
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Typicalof masonrystructuresare archesand vaults: they are compressionstructuresrelying
on their curvatureand the forcesat the abutments,allowingthe useof materialswith low
tensilestrength.

Structuraldistressmay be associatedwith poor execution (poor bonding of units or low
material quality), inappropriate geometry for the load distribution or inadequate strength
andstiffnessof components(chainsor buttressesthat resistthe thrusts).

The relationship between load distribution and geometry of the structure needs to be
carefullyconsideredif loads(especiallyheavydeadloads) areremovedor added.

Themainrepair measuresinclude:

- additionof tie-rods(at the springlevelin vaults,alongparallelcirclesin domes);

- constructionof buttresses;

- correctionof the loaddistribution (in somecasesby addingloads).

IscarsahGuidelinesςMasonrybuildings
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High-rise buildings such as towers and minarets, are often characterised by high
compressionstresses. In addition, these structures are further weakened by imperfect
connectionsbetween the walls, by alterations suchas the makingor closingof openings.
Diaphragms,horizontal tie-barsand chainscanimprovethe ability to resistgravityaswell as
lateral loads.

IscarsahGuidelinesςMasonrybuildings
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Wood has been used in load-bearingand framed or trussed structures and in composite
structuresof woodandmasonry.

Preliminary operations should be identification of the species, which are differently
susceptibleto biological attack, and the evaluationof the strength of individual members
which is related to the size and distribution of knots and other growth characteristics.
Longitudinalcracksparallel to the fibres due to drying shrinkageare not dangerouswhen
their dimensionsaresmall.

Fungaland insect attack are the main sourcesof damage. In framed timber structuresthe
main problems are related to local failure at the joints. Contactwith masonryis often a
sourceof moisture.

Chemical products can protect the wood against biological attack: where reinforcing
materialsor consolidantsare introduced,compatibilitymustbe verified.

IscarsahGuidelinesςTimber
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Cast iron and steel are alloys and their susceptibility to corrosion dependsupon their
composition.

Themost vulnerableaspectsof iron and steel structuresare often their connectionswhere
stressesaregenerallyhighest,especiallyat holesfor fasteners.

Protection againstcorrosionof iron and steel requiresfirst the eliminationof rust from the
surfaces(bysand-blasting,etc.) andthen paintingthe surfacewith anappropriateproduct.

IscarsahGuidelinesςIron andsteel

Malvasia Bridge, Venice, 1853 ςcast iron



The Preservation of Historic Architecture 
Safeguard and Promotion of a European Cultural Heritage 

Considerations on the Romanian Reality
Monday, April 4th, 2011

150

250

350

450

550

0 1000 2000 3000 4000 5000

Dist. from surface (mm)H
a

rd
n
e

s
s
 (

H
V

0
.2

)

cast iron ===><=== coating

0

10

20

30

40

50

0 0.1 0.2 0.3 0.4 0.5 0.6

e (
o
/oo)

s (MPa)

su = 121.45 MPa

W
e

ld
in

g
F

la
m

e
 s

p
ra

y 
co

a
ti
n

g
s

S
tr

u
ct

u
ra

l 
co

a
ti
n

g
s

Not welded elements
Welded elements

Tensile tests

Microhardness tests
Flame spray 

1

432

Riporto

Ghisa

coatings

Original 

cast iron

Original

cast iron

Plate of strengthening

material (stainless

steel, lamellar or

ductile cast iron)

Sheet of

strengthening

material

(aluminium,

carbon fibres)

Original

cast iron

Strengthened area

ωlamellar cast iron

ωductile cast iron

ωaluminium alloy

ωstainless steel

ωcarbon fibres

Repair of ferrous metal structures: research

Bending tests before and after 

repair



The Preservation of Historic Architecture 
Safeguard and Promotion of a European Cultural Heritage 

Considerations on the Romanian Reality
Monday, April 4th, 2011

AN EUROPEAN ARCHITECTURAL HERITAGE



The Preservation of Historic Architecture 
Safeguard and Promotion of a European Cultural Heritage 

Considerations on the Romanian Reality
Monday, April 4th, 2011

ROMANIA: Transilvania

CONSTRUCTION TYPOLOGIES: CHURCHES
ITALY - Noto Cathedral - Sicily

ROMANIA -
Transilvania

ITALY - S. Apollinare
church - Trento
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ROMANIA - Moldavia

CONSTRUCTION TYPOLOGIES:CHURCHES
ITALY - S. Antonio 
Basilica - Padova

ROMANIA -
Muntenia

ITALY - S. Agnese
church - Rome
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CONSTRUCTION TYPOLOGIES: PALACES/CASTLES
ITALY - Palazzo Ducale- Urbino

ITALY - Reggia
Capodimonte-

Napoli

ROMANIA - Moldavia

ROMANIA: Muntenia
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CONSTRUCTION TYPOLOGIES: PALACES/CASTLES
ROMANIA - Transilvania

ROMANIA -
Moldavia

ITALY - Castel Thun- Val di Non

ITALY - Reggia 
di Venaria -

Torino


