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Non-Destructive Techniques (NDT) are used in the Field of Protection of Cultural Heritage because:

v’ Destructive sampling is prohibited in the conservation of historic monuments

v’ They offer certain unique capabilities in a variety of applications
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Validation by laboratory testing J
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Portable Digital Microscopy

Digital Image Processing

Colorimetry

Ultrasonic Testing

Schmidt hammer

Endoscopy

Infrared Thermography
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Ground Penetrating Radar
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Advanced Spatial Data Management
& Assessment Methods

MONUMENT SCALE

Characterization of Materials

Evaluation of Materials & Interventions

Compatibility

Environmental Impact Assessment
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Short description of the theory of some Non-Destructive Techniques (NDT)
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Short description of the theory of some Non-Destructive Techniques (NDT)
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where V., VVp, are the ultrasonic velocities in the healthy and damaged part of the
stone, respectively and |, the distance between the transducers where a change in
slope of the distance-time curve is ohserved




Hagia Sophia: GPR, UPV, IRT application

Compatibility assessment of prewous conservation interventions
S, R L - P

Examined surface: Vakif intervention at the dome of Hagia Sophia, between the
19th and the 20™" rib

Claimed Mosaic Area covered with Vakif
painted layer

j frea 2 (red lme) 87 ?) cm = coated mosaic wath paint layer
Area 3 (black ling): 73 - 65cm = area wath detachment or

Detachment or Area of Increasec - absence of tessera : :
Absence of Tesserae Conductivity heN : 3 80 100% 120 140 159

Coated Mosaic with Detachment or Absence
8 Paint Layer of Tesserae

NDT reveals surfaces of plastered mosaics, wherein areas of
detached tesserae, as well as areas with moisture problems and
presence of salts are displayed.

The boundaries of problematic areas‘are detectable,



Zl-i Monitoring of panel N4

+Disintegrated state of the *rising damp of the lower

filling mortar layer i a3 masonry parts
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B b filling mortar

investigation i stransition temperature
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*Anisotropy regarding
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*Continuous effect of rising 3 > : . (M1 , ' After filling o *continuous affect of rising
damp = | mortar removal - 1 damp
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incompatibility between o ot ¥ transfer & thermo-hygric
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width became tighter A - f i | &4 temperature distribution

: Application of ; = :
)= masonry 5 o el L
restoration mortar, building d :
! restoration mortar . .
stones & historical mortar _ Restored historical masonry

+Capillary rise continues to 3 bty masonry 1 é *Compatibility between

affect the restored ; ; historical and restoration
\ I masonry

masonry

IRT revealed the presence of rising damp, leading to a survey of the Holy Aedicule’s underground areas to identify moisture sources and propose appropriate
measures; as well as it revealed the problem of voids and defect areas at the upper masonry part supporting the decision
for the monument’s upper zone grouting

INITIAL STATE FINAL STATE INITIAL STATE RESTORATION FINAL STATE
z X ’ : . @ MASONRY

Fagade st::le Fagade stoIe TaA ‘ ‘pp“cation °f Fagade stone - - :Facm?{_srone : q
4 1, o~ - optimized il moribr ' . .\ Concrete T~ o Titanium
! = - o : . " mesh
I : Titanium restoration - B 7S
Filler mortar _ Concrete . ) e -—
concrete & Originat
. masonry
comparison of

Original -+ Mgt _ Grouted initial and final
masonry - o, masonry‘ - — state

In both cases (N2 & N4 panels) the presence of the concrete layer and the titanium mesh, the repointing of the masonry and, where applicable,
the restoration masonry, have improved structural homogeneity and cohesion between layers,
as evidenced by the lack of voids and cracks

Upper horizontal Middle horizontal crack Lower horizontal
crack crack GPR data Dr K. Lampropoulos, 2017-2018



Colorimetry
CIELab color space:
evaluation of color modifications

L, Lightness

total colour difference
difference in difference in AE

red-green blue-yellow
*
: b* AE*ab=[(AL*)2+ (Aa*)*+(Ab*)?]1/2

Estimation of color parameters’ modification of different decay patterns on
exterior marble surfaces after cleaning

Aesthetic parameters:

AC*ab <0 = less saturated areas after cleaning AA2: grey crust

Aa* <0 = greener (less red) AA3: dust fall
Ab*<0 = bluer (less yellow)

AA4: washed out surface
AAG: black-grey crust

AL*ab >0 higher lightness (more white) after cleaning

Validation according to

EN15886:2010 Conservation of cultural property-Test methods-Colour
measurement of surfaces,

. AL*ab Aa* Ab*  AE*ab AC*ab
AA7: area of grey veins E 2 E




GPR, IRT application - Colegio del Arte Mayor de la Seda de Valencia

Assessment of preservation state of
masonries
Identification of hidden features

Arch support masonry area
between 1 and 2 north
semi-basement halls

Metal matrix

GPR data Dr K. Lampropoulos, 2014-2015



IRT & GPR: Identification of wooden structural elements within the masonry
Byzantine Monastery of Panagia Varnakova

GPR data Dr K. Lampropoulos, 2019-2020



Raman Spectroscopy

Raman intensity
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Raman shift (cm ‘)

Ntoutsi, Delegou, Moropoulou, 2015 Raman bands: 291vs, 410m , 506w, 608m, 1300 (br)
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Validation by Monument Scale

Lab Techniques + Materials Characterization
Evaluation of Materials Compatibility
Environmental Impact Assessment

Monitoring of Conservation works

Sustainability assurance

Integrated Projects

Strategic Planning of Conservation
Advanced Spatial Interventions on Historic Buildings

Data Management » Strategic Planning of Environmental
& Assessment Management as a Tool for a Sustainable
Methods Preservation of Historic Cities




Ascribing attributes (building materials data) to features (spatial data)
e
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GIS thematic map of decay — plastered architectural surfaces of National Archaeological Museum of Athens
Spatial classification of decay patterns
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GIS thematic map of decay — attributing the physicochemical characteristic of color lightness L* on the spatial entities of the
architectural surfaces of National Library of Greece

<.ebe_1 - ArcMap - ArcView
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LEAD TO

ACCORDING TO THE NECESSITY OF PERFORMING:
INSPECTION - DIAGNOSIS - INTERVENTION WORKS

NDTs are valuable tools
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