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Conservation Science in Cultural Heritage: Reflections and Future Perspectives

s
WANG Shiruo
i NS D SIS A TR LRl R TRt
Lecturer of Conservation of Historic Architecture, School of Architecture, Soochow University (China ); Ph.D. from the
Politecnico di Milano
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1 Defining the role of conservation
science in cultural heritage

Although conservation science is a
clearly recognised discipline, particularly
for those engaged in museums and
galleries, there is currently no widely
agreed definition that embraces the
full range of activities undertaken by
conservation scientists. Such work is,
however, acknowledged to include
the study of materials, conservation
treatments, and the principles and practice
of preventive conservation. Within the
United States, a conservation scientist
is defined by the American Institute for
Conservation (AIC) as 'a professional
scientist whose primary focus is the
application of specialized knowledge
and skills to support the activities of
conservation in accordance with an ethical
code' (AIC, 1996)1. Whether it is better
for a scientist to develop conservation
skills or for a conservation professional to
acquire the relevant scientific knowledge
may be a moot point, but the key point is
the importance it attaches to the ethical
code that guides and distinguishes all
conservation work. The application of
science and scientific methods is inherent
in many of the approaches taken with the
conservation of historic buildings and
monuments. Take, for instance, the 16
different types of professional identified by
Bernard Feilden (1999) as being involved in
architectural conservation. In this set of

1 Heritage A., Golfomitsou S., Conservation science: Reflections and future perspectives. Studies in Conservation.

Vol. 60. 2015. P2.
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'profiles', the 'Material Scientist' is
involved in 10 out of the 14 identified
professional tasks. The value of this broad
discipline is often not fully recognised.

Solving problems through scientific
inquiry is one of the bedrocks of cultural
heritage conservation. Conservation
science is a well-established field,
nevertheless, new paradigms in science
and culture and the expectations of
society make it imperative to revisit
established approaches, especially in the
ways conservation science operates and
connects within the heritage sector and
beyond. Conservation science has multiple
recipients and there are numerous
ways, over and above the production of
publications addressed to specialized
audiences, by which these various
communities can engage with, shape and
share the outcome of its endeavours.

2 Application of conservation science

The application of science in
architectural conservation can range
from the relatively straightforward use
of moisture meters and other forms of
non-destructive survey equipment to
sophisticated analytical methods that
are able to provide qualitative and
quantitative data about specific material
properties and decay phenomena. In
utilising such methods, one must be
clear as to what is expected and how the
resulting information might realistically
be used to inform or enhance a planned
course of action. In all forms of analyses,
it is the interpretation that is of primary
importance rather than the raw data
themselves. For instance, having a mortar
sample analysed can tell you about the
mix proportions and constituent materials,
but without careful interpretation an
unsuitable replacement mortar may
still be specified. When taking samples
for any form of analysis, it is essential
to understand the need for obtaining
representative data - building materials
are likely to be heterogeneous and
more than one sample will be required
to gain meaningful information.

With typically less than 10 percent of

the fabric of a building available for direct
observation and assessment during

2 Agnes W. Brokerhof. How can science connect with and contribute to conservation? Recommendations and

reflections. Studies in Conservation. Vol. 60. 2015. P5.
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a survey2, the use of non-destructive
survey techniques - such as impulse radar,
thermography, fibreoptics, or micro-

2022 F A F
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ACTIVITY METHOD (WITH EXAMPLES) INFORMATION GAINED (WITH EXAMPLES)
Teanth ez o JEFRETTZE  Indicator solution o W5 THIA

NON-DESTRAUCTIVE
SURVEY

* 45157 Liquid penetrant

* JHZ % A4 Smoke generator

* fit&f Micro-drilling

* IR Close-circuit

< OB (NFLERTIREN, A%
Fibre-optics (boroscope, endoscope)
ZTNMEHEE Infrared photography
#5(% Thermography
kel T 2 A Ik

Impulse or surface-penetrating radar

LM Acoustic testing

4 7/11X Magnetometry
5T Microwave analysis
LA Radiography

Confirmation of construction(s)
* WA

Sub-surface anomalies and voids
* BELGIRER (HPKE, MRE)
Route tracing (drains, flues)
PR s (REC)
Physical damage (cracks)
e (TRAE )
Chemical reaction (carbonation)
AL (Hhd)

Biological decay (beetle infestation)

fRIELAIHT ik o OB
Hand lens examination
SIMPLE o LR
ANALYTICAL SRR
METHODS Optical microscopy
 BgiESE

Field settling test

LA Density test

TEFZE Dry and wet weight
k#5171 Calcium carbide meter
QuanTab@ Jlli&5% QuanTab@ test strips

* EIHA Surface examination
* AKHIE Gross characteristics
PIRRPERT (R, WEEL FLBUE)
Physical properties (mass, density, porosity)

.

KIEE5y4 Particle size grading

7K & Moisture content
AIEEROHT (CEERD)

Soluble salt analysis (semi-quantitative)

KRNI 12  ZRGHT (DTA)
Differential thermal analysis (DTA)
SOPHISTCATED « SLEAMT (TGA)
ANALYTICAL
METHODS Thermogravimetric analysis (TGA)

FLBRZMIE T orosimetry

spectroscopy

I T (SEM) S

distribution
RER T X 544k (EDX) 47

* X LT84 (XRD )
X-ray diffraction (XRD)

Hfti%  Ion chromatography

{HEMARRL SN (FTIR ) it

Fourier transform infrared (FTIR)

Scanning electron microscopy (SEM)

Energy dispersive X-ray (EDX) analysis

Eedictt ol

Surface examination
TEERAAK

Elemental composition

o ARy

Chemical composition

BrEERN T (b, 828

Mineral identification and analysis (sands,

aggregates)
HoHT CERBIE RIS 1)

Salt analysis (quantitative for anions and

cations)
* FLBREFIALEE

Porosity and pore size

Remote (data loggers, telemetry)

Rk * ZUBETERET] Crack width gauge o GERALTE
* RHERFSTR/RES Calibrated tell-tale Structural distortion
BI]S)FI]\EHCT%RING . B * FAHERERE (BEIRIEZR)
Vernier gauges with fixed studs Member deflection (floor joists)
* W4F{Y Strain gauge " 5} Movement
*+ B, 7524 Electronic sensor " JR&) Vibration
o MRS (K30 )
Inclinometer (horizontal surfaces)
o R (FEE R )
Optical plummet (vertical surfaces)
* BOCTIE (FRE))
Laser interferometry (vibration)
PRI © FE (HEERELT) c E (55, KE)
ENVIRONMENTAL Manual (whirling hygrometer) Temperature (air, surface)
MONITORING * U (RIR(X) < JREE (i, AE)
Mechanical (thermograph) Humidity (absolute, relative)
< T (THRRGR) . FSIR
Electronic (hand-held meters) Dewpoint temperature
o R (BUEICHEE, &) .

Vapour pressure
JERUKE (R412%)
Light levels (ultraviolet)
{55 (S, k)

Pollution (gaseous, particulate)
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Table 1. Scientific technologies and methods for the built environment professionals involved in architectural conservation
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E 3
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MRERRAREREEN. 5%unH A& ETR

drilling can assist in identifying and
determining the condition of structure
and fabric lying below ground, within the
construction of the building, or hidden
beneath finishes. Key information may
also be gained by way of indirect methods,
such as through the analysis of material
samples or interpretation of remotely-
gathered data. Where, for instance, the
measurement of moisture content and
hygroscopicity is undertaken, the need
for greater accuracy might dictate the
application of gravimetric analysis (wet
and dry weight comparison) or use of
a calcium carbide meter rather than a
standard resistance moisture meter.
Remote moisture monitoring may be
undertaken using permanent sensors.

Similar techniques may also be used

B E bR ah A
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to monitor conditions in order to provide
absolute or relative data over a defined
period of time. This might include
structural distortion and movement,
material deterioration, and environmental
parameters. The range of scientific
methods that might be of use to the built
environment professional involved in
architectural conservation is given in Table
1. It is important to be aware that each has
its own specific advantages and limitations,
and that the more sophisticated methods
are not always necessarily the best choice.
Useful information may often be obtained
by using relatively simple techniques.

3 A broader vision: delivering better,
more relevant science

(1) Assessing needs and outcomes

In line with the need to demonstrate
benefit, a key issue is the adequate
assessment of needs and outcomes: to
make sure that research focuses on what
is relevant, and to assess how well this is
being achieved, in terms of the benefits for
immediate client communities and beyond.
To this end, common evaluation tools are
needed to provide a structured means of
identifying needs, tracking activities and
outputs, and measuring outcomes. Such
tools would provide a support for learning
and improvement to enhance outcomes
and maximize impact.

(2) Seeking sustainable solutions
through collaboration and sharing

As in any applied science domain,
maintaining the link between research
and practice is vital. This is best served
through solution-orientated applied
research developed in partnership with
end-users, which focuses on providing
relevant information and tools to
sustainably resolve priority challenges
in heritage conservation. This requires a
participatory approach to research that
welcomes and encourages collaboration
between different actors within cultural
heritage conservation, and which also
looks beyond the borders of the sector, to
foster interdisciplinary working within
research projects. In addition, creative
partnerships, including citizen science and
crowd-sourcing initiatives, can strengthen
and expand the conservation community
to become one that is more inclusive,
capable and willing to reach out to engage
with other communities.

AR TR

(NERZSE5%F)
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On a practical level, mechanisms for
sharing resources and expertise between
institutions are much needed to increase
efficiency, knowledge exchange, and
reduce inequalities. This can be realized
by creating international research
infrastructures to foster scholarly
exchanges, share equipment and experts,
provide workshops, and facilitate
internships.

(3)Expanding and utilizing
knowledge

It is important to recognize the
multiplicity of knowledge systems that can
contribute to the conservation of cultural
heritage. In addition to diverse scientific
disciplines, traditional knowledge and
craft skills are a vital resource, with the
potential to provide improved options
for conservation practice that are better
suited to context. Recognizing the value
of these knowledge systems, and through
the application of scientific methods
to understand and assess traditional
methods and materials, their potential
application within heritage conservation
can be optimized and enhanced.

However, knowledge is of little use
unless it is effectively disseminated, and
so providing ready access to knowledge
is vitally important. Information should
be shared in locations and formats such
that it can be most easily accessed by
target audiences, ideally using free,
open access platforms. Knowledge infra-
structures and interactive teaching tools
adapted to audiences and context can help
disseminate research findings and promote
best practice at multiple levels from local
groups to global networks.

(4) Enhancing quality

To ensure delivery of high-quality
science that is up to date and relevant to
needs, conservation science professionals
need to maintain strong links with
scientific fields outside the sector.
Moreover, outward looking research
can lead to the discovery of new paths
and applications of science for cultural
heritage. Improving methods, minimizing
errors in experimental processes and
making use of standardized method-
ologies will also enhance the quality of
scientific data.

(LIU Zhekang participates in
translation)
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Prof. Luigia Binda was Full Professor
and Honorary Professor at the Faculty
of Architecture, Politecnico di Milano
for many years. Her interests were in
preservation and structural restoration
of ancient buildings, non-destructive
evaluation of structures, material
decay due to aggressive environment,
the assessment of mechanical-physical
damage in masonry structures, study of
repair techniques, the characterization and
durability of materials, the long-term and
fatigue behavior of masonry, investigation
procedures for diagnostics, effectiveness
of consolidation techniques, etc.

Luigia Binda was active at an
international level to debate many
topics related to preservation of existing
masonry construction in historical
centers and archeological sites. She was
able to foster scientific dialogue among
architects and engineers, archeologists
and material scientists, always promoting
multidisciplinary and multi-level
approaches among academy, industry,
public and religious institutions,
technicians and professionals. Her
contributions on knowledge of materials,
structures, constructive and conservation
techniques, durability and compatibility,
diagnosis, structural monitoring and
modelling, and her exceptional attitude
to share and refine her scientific approach
provided a continuous inspiration and
encouragement to advance research
towards a responsible and more respectful
use of historic buildings and cultural

1
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Professor Luigia Binda

Vagelis P (eds) 1= PF(HAN S HFUEE 0T
K FM . IGI Global, Hershey.

3. Cardani G, Binda L (2015), %3t
PR EMWATERITGIER . &% T : Toniolo
L, Boriani M, Guidi G (eds) &35t/ Wil
RiPEH . Springer, Cham, 2 127-140 77 .
https:/ /doi.org/10.1007 /9783319085333

4. Binda L, Cardani G, Saisi A,
Valluzzi MR, Munari M, Modena C (2007),
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P24, RE R Monum 13 (6) :
413-426

5. Anzani A, Binda L, Mirabella
Roberti G (2008), [j LA AT A 15056
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2 23 4. Witt Press Southampton, i £,
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6. Binda L, Baronio G, Tedeschi C,
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heritage sites.
Representatives publications of

Professor Luigia Binda

1.Binda L, Saisi A, Tiraboschi C (2000)
Investigation procedures for the diagnosis
of historic masonries. Constr Build Mater
14(4):199-233. https://doi.org/10.1016/
50950-0618(00)00018-0

2.Binda L, Cardani G (2015) Seismic
vulnerability of historic centers: a methodology
to study the vulnerability assessment of
masonry building typologies in seismic
area. In: Panagiotis GA, Vagelis P (eds)
Handbook of research on seismic assessment
and rehabilitation of historic structures. IGI
Global, Hershey.

3.Cardani G, Binda L (2015) Guidelines
for the evaluation of the load-bearing masonry
quality in built heritage. In: Toniolo L,
Boriani M, Guidi G (eds) Built heritage:
monitoring conservation management.
Springer, Cham, pp 127-140. https://doi.
org/10.1007/9783319085333

4.Binda L, Cardani G, Saisi A, Valluzzi
MR, Munari M, Modena C (2007) Multilevel
approach to the vulnerability analysis of
historic buildings in seismic areas, part 1:
detection of parameters for vulnerability
analysis through on site and laboratory
investigations. Restor Build Monum
13(6):413-426

5.Anzani A, Binda L, Mirabella Roberti
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term behaviour of historical masonry. In:
Binda L (ed) Learning from failure: long-term
behaviour of heavy masonry structures, series:
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Southampton, Boston, pp 29-55

6.Binda L, Baronio G, Tedeschi C,
Tiraboschi C (2003c) Experimental research
for the choice of adequate materials for the
reconstruction of the Cathedral of Noto.
Constr Build Mater 17:629-639. https://
doi.org/10.1016/50950-0618(03)00059-X

7.Binda L, Condoleo P (2009)
Construction techniques of the My Son
temples. In: Hardy A, Cucarzi M, Zolese P
(eds) Champa and the Archaeology of My Son
(Vietnam). NUS Press, Singapore.

8.Binda L, Condoleo P (2012) Knowledge,
preservation principles and intervention, in
the architectural-archaeological restoration
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of My Son. In: Boriani M, Premoli F (eds)
EWEC archaeosites. A sustainable project at
My Son sanctuary in Viet Nam. Araba Fenice,
Cuneo

Typical perspectives of Professor
Luigia Binda

The title starts with a typical sentence
Luigia Binda used to remind people,
which summarizes at a glance the
importance of that specific aspect in
the topic. It implicitly indicates the
innovative character of her insights and
her extraordinary dedication to research.

“Masonry is a complex material”:
the evaluation of load-bearing masonry
quality in built heritage

A large part of L. Binda’s research was
dedicated at studying historic load-bearing
masonry and to analyze its behavior under
different states of stress (Figure 1). The
definition of the parameters influencing its
mechanical behavior guided her research
to a methodology for evaluating the
masonry quality based on both an accurate
visual inspection and a proper diagnostic
investigation.

“Diagnosis investigation increases
awareness”: on-site diagnosis and
complementarity of procedures

The interest of L. Binda concerning
the historic structures developed almost
naturally from her being an Architect

involved in structural research, and
working in the School of Architecture

B 1 ORISR o FETIRSK; b PUEIIREERS CERAERG) 5 o PEBIRIDS; d PERIRS

AR E; e ZEHMZEMIK

Figure 1. Examples of masonry cross sections: a one single leaf; b two leaves well interlocked (with transverse connecting
stone); ¢ two leaves partially interlocked; d two leaves not interlocked; e three leaves or multiple leaf
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BRI / BOPAR T Tkt S
Figure 2. Results of pulse sonic tests
and single/double flatjack testts
carried out to evaluate masonry
quality
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Figure 3. a a view of Civic tower of
Pavia before collapse; b medieval
rubble inner leaf; ¢ XVI cent. plain
masonry

of the Politecnico di Milano. Her early
research, in fact, was carried out within
several Master Theses of the School of
Architecture, still very relevant for the
applied methodology (Figure 2); her
interest subsequently matured thanks to
several collaborations, firstly with P.P.
Rossi of ISMES and later with C. Modena
of the University of Padua.

“Also masonry suffers creep”: the long-

term behavior of massive structures

At the end of the 1980s, time-
dependent behaviour was well-known
in rock mechanics and had been studied
to describe the response of stiff clays,
soft rocks and concrete to permanent
loading conditions. It had also been
observed in the case of new brickwork
constructions, whereas the behaviour of
historic masonry had never been referred
to as time-dependent. The unexpected
failure of the Civic Tower of Pavia
can be regarded not only as a terrible
loss, because of four victims and the
collapse of a remarkable monument,

BR[| 13
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Figure 4. View of thick mortar joints of St. Vitale
basilica in Ravenna (Italy)
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but also as the starting point of a
breakthrough research destined to throw
new light into the understanding of
the complex factors affecting the safety
of massive ancient buildings. L. Binda
found herself involved within one of
two committees, which were formed for
investigating the causes of the collapse.
Thanks to her multidisciplinary attitude,
a deep passion toward puzzling problems
and a gentle approach she was able to
combine conservation and safety issues
with a robust experimental knowledge of
masonry behavior. Being an architect with a
sound background in structural mechanics,
she was aware that masonry, despite being
the most ancient architectural technique,
was also the least understood and its
knowledge could not rely on reassuring
hypothesis like homogeneity, continuity,
isotropy, and linear elastic response.
Her willfulness led her to access the rock
mechanics interpretation of long-term
behavior and to apply creep tests to study
ancient masonry; subsequently, she set up
more suitable testing procedures based
on pseudo-creep testing and explored
different modelling methods based on both
rheological and probabilistic interpretation.
At present, the assessment of ancient
massive constructions, including towers
and cathedral pillars, cannot ignore the
results she achieved in terms of laboratory
experimentation, as well as theoretical
knowledge and on-site applications (Figure
3).

“Masonry is a smart material”: the
role of mortar joints in the mechanical
behavior of masonry structures and their

durability

Luigia Binda’s scientific interest
was early dedicated to the mechanical
compression behaviour of the masonry.
Since the end of the 1980s, L.Binda and her
colleague G. Baronio followed a systematic
methodology to study the damage caused
to masonry by salt crystallisation. On
the basis of the state diagrams of the
most diffused and harmful salts, the
sodium sulphate was chosen as the most
aggressive in the shortest duration of the
test (Figure 4).
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Figure 5. The My Son archaeological site before(left) and after(right) intervention.
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“Architectural preservation can
contribute to archaeology”: the
restoration of the peculiar masonry of the

My Son temple in Vietnam

In 2000, the archaeologists of the
Foundation and the Institute for
Conservation of Monuments in Hanoi
invited the Dept. of Structural Engineering
(DIS) of the Politecnico of Milano to visit
the My~™Son (Vietnam) archaeological
site. L. Binda was involved in the project
thanks to her deep knowledge about
historic masonry constructions and all the
problems related to the compatibility of
the materials for the intervention. Before
this project, there were many doubts
concerning the construction techniques
and the materials used for the erection
of buildings. It was widely believed that
these architectures were made of raw
bricks, afterwards cooked. Furthermore,
it was possible to identify the structural
problems emerging from the buildings
leaning, their crack pattern and the
physical, chemical and biological decay of
their materials (Figure 5).

(translated and edited by WANG
Qin, WANG Shiruo)
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Assessment of Wooden Beams from Historical Buildings Using

Ultrasonic Transmission Tomography

ZERERIE Source :

Monika Zielinska & Magdalena Rucka (2022): Assessment of Wooden Beams from Historical Buildings
Using Ultrasonic Transmission Tomography, International Journal of Architectural Heritage, DOI:
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1 Localization and methods

The ultrasonic surveys were conducted
on wooden beams taken from the historical
Monastery of Congregation of the Sisters
of St. Catherine located in Orneta, in the
northern part of Poland. It is a four-winged
building with an inner courtyard on a
rectangular plan. The object was built in
1586. It is entered in the Registry of Cultural
Property in Poland under the number
A-189, in the accordance with the decision
of November 17, 1956. In its original form,
the building was a monastery of Beguines
from Orneta. In the 1880s, the bishop of
Warmia, Marcin Kromer, decided to hand
over the deserted monastery to the sisters of
the Congregation of St. Catherine. Over the
years, the city has changed its urban layout.
The location of the monastery in the 17th-
20th century is shown in maps and photos
in Figure 1.

The ultrasonic tomography was
conducted on three beams (Figure 2a),
denoted as #1, #2 and #3. The dimensions of
each beam were 19 cm x 12 cm (Figure 2b).
Beams with different degrees of destruction
were used for the research. The specimen
(#1) was an intact pinewood beam. The
edges of this beam were straight and the
beam did not have any significant damages
or cracks. The beams of such type were used
to replace the damaged pieces of wood in
the roof truss in the monastery building in
Orneta. The other two specimens (#2 and
#3) were historical beams from the roof
structure. These beams were significantly
damaged. There were defects in the material
on one edge. In addition, cracks run along
the wood fibres. They were replaced due
to their bad technical condition by new
wooden beams. After the tests, all tested
samples #1-#3 were cut at the height of the
reconstruction image. As a result, it was

1 BURNIER EPLEAME e 22 BB X A1 (a) 1627
TR TSR, R FT BRI /KEER) “Kriegsarchiv” WK, (b)
RIE Giesego Wiy 19 HEIWIIRTT MR, (c) 1940 Fi1
YT ECETE, (d) 1980 FEARAITT 45 S (Hliwiadezyn,
Cholewska fll Grunwald, 2018)

Figure 1. Location of the monastery of congregation
of the sisters of St. Catherine located in Orneta:
(a) city plan from 1627 from the collection of
“Kriegsarchiv” in Stockholm, (b) urban layout
according to Giesego early 19th century, (c) city
plan from 1940, (d) panorama of the city in the 1930s
(Hliwiadczyn, Cholewska, and Grunwald 2018)

2: RERLE /A (a) ZUE (b) R (o) Wik
e #1-#3 (ORGEH

Figure 2. Laboratory models of wooden beams: (a)
view of the beams, (b) dimensions of the beam, (c)
cross-section of the tested beams #1-#3
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possible to identify the course of the fibres
and the damage exactly at the plane of
measurement (Figure 2c).

2 Ultrasonic tomography images

The internal structure of tested beams
#1-#3 was reconstructed based on the
collected TOFs (Time-of-flight). Wood
is an anisotropic material in which the
speed of ultrasonic waves in the radial-
tangential plane depends on the direction
of propagation, relative to the annual
rings. The wave propagates faster in
the radial direction and slows down
going into the tangential direction. The
highest apparent speed in wood without
defects, knots is concentrated at the
location of the cross-section pith since
the pith location is inherently connected
with annual rings. The quantitative
analysis of wave propagation velocities
for each of the beams is given in Table
1, where the minimum, maximum and
mean velocity are listed, supplemented
by the measures of variability, i.e., the
standard deviation (SD) and coefficient
of variation (CV). Table 1 summarizes the
coefficient of variation (CV) for all 445
measurement paths, for each of the three
samples separately. The coefficient was
measured for two walls simultaneously.
As an anisotropic material, examined
wood samples showed a large change in
properties depending on the direction of
the fibers.

The first laboratory model (#1) was a
new pine beam. The edges of this beam
were straight and the beam did not
have any significant damages or cracks.
Figure 4 shows the resulting tomography
velocity map for beam #1 together with
the photograph of its cross-section.
Significantly higher values of wave
velocity were observed in the upper part
of the image. This area indicates that the
pith can be located near the upper edge of
the cross-section or even outside of it. The
measured values of the wave velocity for
beam #1 ranged from 929.7 m/s to 1637.0
m/s, thus the difference between the
lowest and the highest velocity was 707.3
m/s. The average value of the velocity for
this beam was 1231.5 m/s. The variability
of measurements along different paths was
determined were: SD equal to 154.2 m/s
and CV equal to 12.5%.

Beam #2 was taken from the historical
roof frame-work. One of its sides
included major wood fibrosis (see Figure
4a). The remaining three contained
cracks. The ultrasonic tomography

B E bR ah A
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AR Vmin Vmax AV= Vinax - Vavg SD Ccv
Wooden [m/s] [m/s] Vimin[m/s] [m/s]
beam
#1 929.7 1637.0 707.3 1231.5 154.2 12.5
#2 632.7 1442.3 809.6 1093.3 137.0 12.5
#3 478.6 1842.5 1393.9 1462.3 293.4 20.1

F 1 #1-#3 KRR EEEE

Table 1. Wave propagation velocities for beams #1-#3
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image clearly indicates the places where
the beam is damaged (Figure 4b). The
edge with the wood fibrosis showed the
reduced wave transfer velocity. A similar
effect was observed in the places where
the cracks were located. Furthermore, an
increased velocity may be spotted at the
location of the pith, similar to the reference
beam (#1). The wave propagation velocity
varied between 632.7 m/s and 1442.3 m/
s. The difference between the minimum
and maximum velo-city was, therefore,
greater than in the reference beam (#1)
and equal to 809.6 m/s. The average velo-
city of wave propagation was 1093.3 m/
s, the standard deviation was 137 m/s.
Both of these values are smaller than in
the undamaged beam. The coefficient of
variation was equal to 12.5% and it was
at the same value as for reference beam
#1. However, it should be noted that the
pith of the undamaged beam is outside the
cross-section, while in beam #2, the pith is
within the tested cross-section.

Beam #3 had the highest level of
degradation. One of the sides included
a significant cavity caused by insects
(Figure 5a). This place is marked in blue
on the ultra-sonic tomography map
(Figure 5b). The remaining sides included
cracks. The biggest crack is marked on the
tomographic image. Similarly to beams #1
and #2 the greatest concentration of the
wave propagation velocity determined
the location of the pith. The propagation
velocity of ultrasonic waves was between
478.6 m/s and 2262.3 m/s. The difference
between the minimum and maximum
velocity was the largest com-pared to the
other two beams. It was twice as high as in
the reference beam. The average velocity
was 1462.3 m/s. The standard deviation
(SD) was 293.4 m/s, while the coefficient of
variation (CV) is 20.1%. Such a high value

FE3: AR #1RAEE R (a) KARTTLIE (b) 1 7 2 11
AR () ARRAIMITLE

Figure 3. Results obtained for beam #1: (a) top
view of the beam, (b) ultrasonic tomography image,
(c) side view of the beam
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indicates significant damage to the beam.
3 Location of the pith

The anisotropy of wood significantly
affects the velocity of propagation of
ultrasonic waves. The highest velocity
is observed in the case of waves
propagating through the pith. This place
on tomographic maps is indicated as a
point with an increased apparent velocity
value. This property of wood causes
some difficulties in determining the state
of preservation of a wooden element
using non- destructive testing methods.
Contrary to isotropic elements, it is more
difficult to indicate the places of potential
destruction.

This paper proposes a novel approach
to determining the quality of preservation
of historic wooden beams. The method
consists in determining the location of
the pith and then using this knowledge
to create tomographic velocity maps. In
general, the wood pith may be within
or outside the cross-sectional area for
which the measurements are made. In the
proposed approach, it was based on 5%
of the fastest paths among the collected
measurement data. These paths, marked in
red in Figure 6, were selected in order to
determine the location of the pith for each
of the beams. If the fastest paths appear
between a pair of opposite edges, it is an
indication that the pith lies outside the
examined area.

[ 4: AT #2 WIREEHR: () ARTTILIA (b) B W2 16
I (c) REUALE
Figure 4. Results obtained for beam #2: (a) top
view of the beam, (a) ultrasonic tomography image,
(c) side view of the beam

This can be seen in the case of beam
#1. For the remaining beams (#2-#3),
pairs of opposite edges. This indicates
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Table 2. Comparison of the velocity of waves
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the fastest rays occurred between two
the location of the pith inside the tested
cross-section. Moreover, the average
velo-cities of waves propagating from
two perpendicular walls were compared
(Table 2). The first edge took into account
the measurements made between the
transmitters t1-t18 and the receivers rl1-
r18, while the second edge included
the measurements made between the
transmitters t19-t29 and the receivers r19-
r29. In the case of the pith located outside
the cross-section, this difference will
be much greater. This is because waves
propagating perpendicular to the fibres
have a much slower velocity than waves
propagating along the fibres. It is assumed
that a value greater than 1.15 indicates
the possibility of the wood pith occurring
outside the tested cross-section. This
coefficient appears only in beam #1.

[ 5: A #3 MITALE R (a) ARTANLE (b) &7 i = 11
FHEHR () ARMPLE

Figure 5. Results obtained for beam #3: (a) top
view of the beam, (b) ultrasonic tomography image,
(c) side view of the beam
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Figure 6. Rays of performed measurements with the 5%
fastest waves marked in red
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Figure 7. Determining the location of the pith form beams
#1-#3
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The wood pith was searched
independently for each pixel into which
the element was divided. In the case of the
element for which the pith was expected
to be out-side, the pixel grid was enlarged
along the edge from where the fastest rays
propagated. The pixel grid was therefore
enlarged 3 times for element #1 (Figure
7a). In beams #2 and #3 the pixel grids
remained unchanged (Figure 7b-c). For
each of the pixels, the closest path from
each transmitter t1-t29 and each receiver
s1-s29 was selected. Thus, 58 rays were
assigned to each pixel. The pixel for which
the sum of the velocities of these rays was
the highest indicated the positions of the
pith. Selected pixels are shown in red in
Figure 7. In beam #1, it coincides with
the actual location of the pith. In beams
#2 and #3, it is slightly shifted due to the
failures in the beams affecting the course
of the rays.

Idealized maps of wave propagation
velocity in the wooden element were
created after determining the pith location
(Figure 8, second row). The highest speed
was identified at the designated pith and
was equal to the maximum value in the
preliminary topographic map (Figures
3-5). It was different for each of the three
samples and was 1637 m/s, 1442.3 and
1842.5 m/s respectively for samples #
1- # 3. The velocity decreased circularly
and uniformly for each direction of the
outer edges of the beams. The third
row in Figure 8 summarizes the initial
tomographic maps. The final result is
the maps shown in the fourth row. They
are the difference between idealized
and initial maps. Due to the subtraction
of the idealized model indicating the
location of the pith, only places showing
a decrease in wave propagation velocity
due to discontinuities, voids, scratches
or fibrosis are visible on these maps. The
final ultrasound tomography maps with
a visible beam cross-section are shown in
Figure 9.

(translated and edited by
WANG Qin, WANG Shiruo)
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Figure 8. Ultrasound tomography maps: cross-
sections (first row), idealized models, taking into
account the location of the pith (second row),
initial tomographic maps from Figures 3-5 (third
row), the difference between the idealized maps and
the initial maps (fourth row)
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Figure 9. Final ultrasonic tomography maps imposed on
cross - sections of tested beams
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International Conference Florence Heri-Tech - The Future of Heritage Science and Technologies

PHERRJR Source: https:/ /www.florenceheritech.com/
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Figure 1. Conference poster

EBh &SR ATE :20/05,/2022 - 17:00

WEEh s BP0, EFRS DRI
gk LR kT

ik .

18-20/05/2022 | F BT - BAF] | &
=hk

i ET% Heri-Tech & BB A T

A T#2 & (DIEF) il 2 5% 2K 5 & 5 W AE
J&T 2018 FF & . HIZEA T Gl bt
PR AR Z A R . SUU0EE TRE
REHWKEFRIME iy #, BEU b
PR Y R RIRE, KRR S b e AT
REHZHENRE, Z2B0RE 8 RS
FEERSEEIE RNy, & MR5|T
%%ﬂhﬁ“?%lﬁ&ﬂ FEE T — A 0h
Kbl e, ¥ RS 5TLEEE &, N
ﬁ,%ﬁﬁﬁ%ﬁﬁawﬁa AL FOER L
PRI, ﬁwm%ﬁ%%%%%ﬁﬁﬂ%%
SFTHE IR . XRS5 AR
B Z TSR E L2, A T e liAE
IR E R IR RE AR A,
DUR A 5T A R A= R Il AR O 20 ST

Heri-Tech- it B} 22 5 5 R B9 R 2k 2

Event end date: 20/05/2022 - 17:00

Location of event: Florence, the
International Conference will be held both
in person and online

Description:

18-20/05/2022 | FLORENCE - ITALY |
3rd EDITION

Florence Heri-Tech was launched in
2018 by the Department of Industrial
Engineering of University of Florence
(DIEF) and Florence Biennial Art and
Restoration Fair. The idea is to create
a synergy between Cultural Heritage
and New Technologies. The Conference
involves a large number of research projects
and scholars from around the world and
puts the industry's current issues under
the spotlight, specifically on issues related
to innovative techniques and technologies
for Cultural Heritage. The Conference
is part of the 8th Edition of the Florence
Biennial Art and Restoration Fair, an
international event attracting prestigious
institutions and companies and creating a
unique opportunity to bring together the
academic word with industry. The city of
Florence will therefore be the international
heart of Restoration and Cultural and
Environmental assets as well as a forum
for meeting and discussing for experts and
enthusiasts from around the world. The
Conference will be a significant opportunity
for exchange between researchers and
companies for the promotion of productive
excellence, technological evolution, the
greater use of culture for younger sections
of the population and specialization in the
educational field for graduates and PhD
students.

The proceedings of Heri-Tech -
The Future of Heritage Science And
Technologies Conference will be published
by Springer (abstracting and indexing in
Scopus and others).
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Areas and topics:

MATERIALS SCIENCE

Topics include, but are not limited to:

*Chemical and Physical advancement
in the development of new materials and

methods for the conservation/restoration
of CH

*Future trends in conservation and
restoration technology: biotechnology,
nanotechnology, tailored materials,
physical technologies

*Assessment of effectiveness,
compatibility, reversibility of new
conservation treatments and methods

*Ice-dry sandblasting method (CO?2)
*Stone material decay

*Stone physical and petrochemical
characterization

*Methods and instruments for the
conservation diagnosis and treatments

*Restoration with plasma technologies

*Nanomaterials and novel technologies
for restoration

ENGINEERING
Topics include, but are not limited to:

*Technology applications on art
conservation and restoration on
archaeological sites

* Conservative restoration of the built-
in model

*Technologies for the design of
conservative intervention

*Interactive methods and augmented
reality for virtual exploration and fruition
of cultural heritage

* User-centred experience of CH

*3D modelling and 3D printing for
education and for societal challenges

*Underwater 3D acquisition methods
and systems for archaeology

*Robot and robotic platforms for
service tasks in CH Restoration

*Geomatics and Structural Modelling
for CH

DIAGNOSTICS AND
MONITORING

Topics include, but are not limited to:

* Advancement in damage assessment:
diagnosis (I.R., U.V., Raman, X-ray
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tomography, X-ray, gas-chromatography
and other analytical methods) and
monitoring for the restoration, preventive
conservation and maintenance of CH

*Development and application of
mathematic modelling as tools for damage
assessment, monitoring and adaptation to
climate change impacts

*Protecting cultural heritage assets
from risks and damages resulting from
earthquakes, fires, storms, looting and
extreme events

* Assessing Heritage damages and
diagnosing spell-over effects of wars and
armed conflicts.

*Scientific techniques and methods
developed in materials science to offer
invaluable information to archaeology, art
history and conservation

*Scheduled Conservation: preventive
and predictive conservation

*Education and painting conservation
ICT AND DIGITAL HERITAGE
Topics include, but are not limited to:
*Virtual museums

*Methods and systems for enhancing
heritage fruition and storytelling

*New methods for Education on art,
conservation and restoration

*Applications: document image
processing and analysis, ancient
photograph digital processing, ancient
paper digital processing. Automatic
understanding of writing and/or symbols
on ancient documents

*Systems, methods and applications for
measurement, analysis and understanding
of artistic artefacts

*Ubiquitous and remote access to
digital cultural heritage

*4D Reconstruction of Tangible
Cultural Heritage

*Multimedia, Multilingua, Data
Management, Archiving

*Archaeological Analysis and
Interpretive Design

eInnovative solutions for the
consolidation, dissemination,
demonstration and exploitation of
results, training and education related
to the tangible and intangible CH
(including open access to scientific results
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in cultural heritage as well as their
preservation)

*Systems, Methods and applications for
Virtual and Digital Restoration

*3D scanning, image scanning,
remote sensing and no-contact and non-
destructive methods

*Rural / urban regeneration based on
cultural heritage

eCultural Tourism & Travel
Applications

RiFRZ—SNEEAES R EABRZAT TS
CONSERVATION SCIENCE - 4th International Symposium on
Architectural Heritage Conservation Technology
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Conference date: 10-12/06/2022

Location of event: Southeast University,
Nanjing

The conservation theory and working
path of architectural heritage are rooted
in the natural geography, historical
culture and social environment of the
place. All over the world, theories
and methods of architectural heritage
conservation suitable for local soil are
being explored, and more suitable working
path and specific technologies are being
explored. The research and practice of
the specific technology of architectural
heritage conservation depends on the
comprehensive application of the theories
and methods of physics, chemistry, biology,
materials and computer science, etc. It is
a multi-disciplinary cooperative science.
Diversity of ideas leads to exchanges,
mutual learning and development. In
order to promote academic communication
of architectural heritage conservation
theory, science and technology,
Southeast University (SEU) plans to hold
'Conservation Science - the 4th International
Symposium on Architectural Heritage
Conservation Technology', a combination
of online and on-site activities, in Nanjing
on June 10th-12th, 2022.

The symposium invite architectural
heritage experts in the field of preventive
protection from China, Italy, Belgium,
Switzerland, Japan and other countries to do
keynote speeches. We welcome the domestic
and foreign scholars to communicate
research and practice experiences actively,
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Figure 2. Conference poster
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to build a more scientific architectural
heritage preventive protection theory,
technology and management system, and
to protect our humanity's common cultural
heritage together.

This symposium is hosted by Southeast
University, Administration Bureau
of Jiangsu Province, co-organized by
School of Architecture SEU, Architecture
Internationalization Demonstration School
of Southeast University, Architectural
Heritage Preventive Protection in Jiangsu
Province Key Cultural Relic Research
Base (SEU), Key Laboratory of Urban
and Architectural Heritage Conservation
(SEU) and Key Scientific Research Base
of Technique of Traditional Wooden
Architecture (SEU), State Administration
for Cultural Heritage, China. It has
received guidance from the State
Administration for Cultural Heritage, as
well as support from UNESCO's Asian
Heritage Management Society, China
Association for Conservation Technology
of Cultural Heritage, ICOMOS China, and
other organizations.

Main topics
(1) Chinese architectural heritage
conservation theory and technical path

*The theory of Chinese Architectural
Heritage Protection in the New Era

*Technical methods and paths of
conservation practices

(2) Application of science and
technology in preventive protection of
architectural heritage

*Degradation mechanism and
durability

*Heritage monitoring and early
warning technology

e Conservation environmental science
research
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"Palace of Knossos: Conservation- restoration works and recent strategies within the
HERACLES EU project"

TOERIJR Source: https:/ /mp.weixin.qq.com/s/1-0YUo09eQXPfiAHH3z09-w
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Elissavet Kavoulaki

Ephorate of Antiquities of Heraklion,
Crete, Greece

Conference date: 28/09/2022 14:30 -
16:30
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Figure 3. Conference poster
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The Minoan Palace of Knossos
represents the centre of the first civilization
of the Mediterranean basin; namely the
Minoan civilization. It is the largest, the
most glorious and longest-lived (1900-
1300 BC) of all Minoan Palaces in Crete.
The systematic excavation of the Palace
of Knossos was launched in 1900 by the
British archaeologist Sir Arthur Evans,
continuing the small-scale investigation
begun by the Heraklion merchant Minos
Kalokairinos in 1878. In less than five years,
most of the Palace had been revealed.
During this first period, Evans carried out
small-scale reconstruction interventions
in order to protect the fragile building
materials. This structure, however, proved
sensitive to weathering and was soon
damaged. It was replaced between the wars
(1922-1930) by a new structure making
extensive use of reinforced concrete. After
World War II large scale restoration works
were made and during the nineties a
pilot project, mainly concerned the
restoration of the concrete, had been
carried out. Since 2000 a complete program
of conservation and promotion of the
Minoan Palace was implemented by the
Greek Ministry of Culture, in the context
of European programs: conservation of
masonry, gypsum stones and limestones,
ancient coatings and plaster, copies of
frescoes, columns and wood imitations,
replacement of Evans’s lightly-arched roofs
and conservation of Evans’s reinforced
concrete. The Ephorate of Antiquities of
Heraklion participated from 2016-2019 as a
partner of the European research program
HERACLES, ('Heritage Resilience Against
Climate Events on Site' of the 'European
Framework Program for Research and
Innovation'). The monument has multiple
benefits from HERACLES, where the
main purpose was to design, validate and
promote appropriate solutions for effective
resilience of Cultural Heritage against
climate change effects, considering a holistic
approach, through multidisciplinary
study, involving different experts. The
ultimate goal was the optimal utilization of
cultural heritage monuments - especially
the Minoan Palace of Knossos - combined
with their conservation, restoration, and
promotion.

(translated and edited by
Liu Zhekang, WANG Shiruo)



