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Abstract. The protection and use of historic buildings is a difficult and costly task. Most often, these objects are under conservatory protection
and any interference in their structure requires appropriate consent. On the other hand, conducting construction works on historic buildings
carries a high risk of their damage or even destruction. Therefore, proper prior diagnostics is an extremely important factor affecting the scope
and manner of works to be conducted. The paper presents the use of 3D scanning to determine the deflection of the ceiling under the Column
Hall of the historic Palace, the floor of which showed elasticity, recorded during changing service loads. After identifying the places with the
greatest deflections, based on data from 3D laser scanning, test holes were made and wood samples from the ceiling were taken to perform
moisture content and mycological tests. An endoscopic inspection camera was inserted into test holes, providing the basis for recognizing the
structure of the ceiling, i.e. arrangement of layers as well as dimensions and spacing of ceiling beams. Strength calculations were made with
the limit state method resulted in the determination of the maximum permissible service load on the ceiling. The presented course of action in
diagnostics of the analysed historic building may be an example of a preliminary procedure to be taken before deciding on changes in the manner

of use of historic buildings or the functionalities of their individual parts.
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1. INTRODUCTION

“We are responsible for the world’s heritage, but it will take the
form we give it.” The words by André Malraux provide elemen-
tal advice for the protection of cultural and historic heritage. It
is a difficult and multi-threaded process in which the role lim-
ited to being a guardian of a monument might not be considered
sufficient. Nowadays, historic buildings are being rediscovered,
and they are performing more and more commercial and ser-
vice functions. However, for historic buildings to fulfil these
extended functionalities, ongoing diagnostics should be carried
out to verify the safety of their use from the structural point, but
primarily, from the perspective of people who stay in them and
use them. Diagnostics of historic buildings is a complicated is-
sue as it is not easy to carry out acceptable repairs and feasible
reinforcements in such facilities. Most often, it is also impos-
sible to perform a full range of destructive tests to check the
technical condition of buildings due to historic matter loss. On
the other hand, failure to renovate historic buildings leads to
their degradation and destruction [1-3].

One of the non-invasive techniques used to obtain informa-
tion about the geometry of objects is 3D laser scanning. Ter-
restrial Laser Scanning (TLS) [4] is a technology widely used
in reverse engineering to quickly obtain detailed 3D informa-
tion (x, y, z point coordinates) in the form of a cloud of points
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in space. 3D laser scanning is currently used, among others,
in inventory [5-9], supervision [10, 11], verification of test re-
sults [12], and conservation of building objects, primarily with
historic and cultural heritage significance [13]. Undoubtedly,
TLS is one of the quick methods of obtaining information on
the geometry of objects. For instance, inventory can be car-
ried out faster and more accurately than using traditional solu-
tions. The accuracy of the created model may vary from a few
millimetres [14, 15] to even decimetres [16]. It may depend,
inter alia, on the distance and angle between the scanner and
the scanned object, as well as on the type of scanned surfaces,
as it particularly occurs with highly reflective, mirror-like sur-
faces [17-19]. Another advantage is that TLS allows us to ob-
tain full, three-dimensional information on objects in the form
of a point cloud that can be then processed. Therefore, it seems
to be a good alternative to traditional methods. A few inconve-
niences, however, should be noted, such as some scanned ele-
ments may be invisible or inaccessible for the scanning laser;
glass elements (windows, mirrors), but also damp ones, with
water, may cause interference. Additionally, a large resultant
data set may cause problems in further processing due to sig-
nificant hardware requirements.

Problems related to the lack of laser access to the areas that
are scanned may be solved by the use of the technique that
combines laser measurements with manual measurements [20]
and photogram- metry [2,21,23-26]. Fawzy [23] indicates that
the combination of TLS techniques and short-range photogram-
metry increases the accuracy of the model supporting it with
the analyses carried out for the mosque of Kafrelsheikh Uni-
versity campus based on measurements of 20 points, 10 lines,
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and 6 control angles. The measurements were made using the
SOKKIA CX-105 total station, considering the obtained results
as referential, supplementing them with photogrammetric sur-
vey and laser scanner techniques. The authors point out that the
maximum improvement in model quality was 80.1, 66.4, and
84.2% for points, lines, and angles, respectively.

More and more often, for renovation and revitalisation of his-
toric buildings, the Heritage or Historic Building Information
Modelling (HBIM) technology is being used, which enables to
build a 3D model of an object and use it when planning mod-
ernisation, revitalisation, operation, or even visualisation of the
facility [22,27-32]. The use of TLS can also help assess the
technical condition of the building since it can significantly fa-
cilitate damage assessment and appropriate systematic renova-
tion propositions [11]. The accuracy of point clouds is sufficient
to perform surface regularity checks.

Fungi can play a significant role in the degeneration of cul-
tural heritage and museum objects, primarily those susceptible
to their effects [33, 34]. They can also adversely affect peo-
ple staying longer in rooms, facilities where the process of
mycelium development is intensified [35]. One of the key rea-
sons why fungi are a great problem in cultural heritage pro-
tection is the lack of information and training for conservators,
curators, and other museum personnel [36]. The occurrence of
fungi is, therefore, a consequential element in the assessment
of the technical condition of objects, specifically historic ones.
However, non-destructive methods are not always able to show
the presence of mycelium in structures, particularly when the
analysis must be carried out on elements that are difficult to
access or to which no direct access is available.

The paper shows the course of action when determining the
bearing and strength capacity of a ceiling in a particular historic
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building using non-destructive research methods. Laser scan-
ning was used to estimate changes in the ceiling geometry. This
facilitated selecting the places for test holes made to examine
the structure of the ceiling with an endoscopic camera and per-
forming moisture content and mycological tests. The work is
a case study, which consisted in verifying whether this historic
building and precisely, its truly representative Column Hall,
could fulfil a commercial function. Since the scope of destruc-
tive tests in the building was highly limited due to being under
the protection of the conservator-restorer, it was even more im-
portant to thoroughly determine the places for test holes to min-
imize damage to the matter of the object. Although the func-
tional extension of historic buildings always leads to changes
in acting service loads, these increases cannot result in a risk
of a construction failure or catastrophe [37]. The paper presents
the results of diagnostic tests concerning the load capacity of
the structure, its deflection as well as the technical and myco-
logical condition of structural wooden elements.

2. MATERIALS AND METHODS

2.1. Description of the researched object

The Palace in Pawlowice (51°49'24,84"N 16°45'05,49"E,
Fig. 1) is situated in the Greater Poland voivodeship, in the
Leszno poviat, about 15 km east of Leszno. It was built at the
end of the 18th century in the classicist baroque style based
on Carl Gotthard Langhans’ design. The Palace is erected on
a rectangular plan, has three levels, and features two quarter-
circle one-story arcaded galleries on both its sides. In 1923, as
part of a major renovation, the staircase was moved from the
vestibule to the rooms in the right wing, parquet floors were
replaced, and electricity and central heating were installed.

Krzemieniewo

i)

Pawlowice

¢\ Palace and park complex

TS \ in Pawlowice

Rydzyna

Rydzyna

Fig. 1. Location of the Palace and park complex in Pawtowice
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The most representative room of the Palace is the great Col-
umn Hall (Fig. 2), which now serves as a conference room.
Since 1945, the Palace has belonged to Zootechniczny Zaktad
Doswiadczalny (Experimental Station), the branch of Instytut
Zootechniki in Krakow (National Research Institute of Animal
Production). Currently, the Palace is used as a conference and
hotel centre, and it is protected by the conservator-restorer of
monuments. Both the palace and the adjacent park have been
listed in the register of monuments since 1952 and 1965, re-
spectively. The manner of use of the building was extended,
which brought in the necessity for performing strength calcula-
tions and for assessing the technical condition of the ceiling un-
der the great Column Hall (Fig. 2). Social meetings held in this
room increased the load acting on the ceiling, which showed
deflections, cracks, and scratches. The occurrence of mycologi-
cal and moisture damage to wooden elements carrying the main
loads was also highly possible.

Fig. 2. Column Hall of the Palace in Pawtowice

2.2. TLS measurement

Terrestrial Laser Scanning is a technique that uses laser light for
measurements. The measured object is illuminated by a beam
which then, reflected from the object, returns to the scanner.
Phase scanners, more commonly used today, can record up to
approx. 1,000,000 measurement points per second. By knowing
the distance (L) between the scanner and the i-th measurement
point, vertical angle (3) and horizontal angle (&) coordinates of
a point in a 3D coordinate system in real time can be calculated
using the equation:

X; = LcosfBcosa,
Y;=LcosBsina, (D
Z; =Lsinf.

The on-site inspection consisted in carrying out an inventory of
three rooms located directly under the Column Hall to estimate
its geometry, in particular the deformation of the ceiling. The
inventory was also aimed at indicating places for making test
holes that enabled us to identify the location of ceiling beams.
This significantly minimized the structural interference in the
ceiling (the object is under conservation protection) of this his-
toric building and allowed us to drill test holes in places that did
not violate the structure of the ceiling. Scanning with the Faro
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Focus S70 laser scanner was conducted at 8 measuring stands
in the rooms in question (Fig. 3). The manufacturer states that
the accuracy of distance measurement is =1 mm, the 3D posi-
tion accuracy on 25 m is 3.5 mm and the angular resolution is
equal to 19 arcsec. The laser wavelength is 1550 nm, and the
laser beam divergence is 0.3 mrad.

® Location of measuring stands

e

=

Fig. 3. Location of measuring stands

The average scanning time per 1 measuring stand was about
10 minutes, the scans were made with a resolution of 10240 x
4267 points. The distance between the measurement points on
the measured plane was 6.1 mm/10 m with 4-times the qual-
ity. Properly prepared individual scans were combined in Faro
Scene, creating a coherent point cloud consisting of approxi-
mately 157 million points. In the scanning process, reference
spheres were used, which in later processing significantly facil-
itated the process of connecting clouds of points obtained from
individual measuring stands.

The point cloud was then processed in CloudCompare to
filter out the noise and perform an analysis of the ceiling geom-
etry. First, CloudCompare arbitrarily generated a horizontal ref-
erence plane, which served as the basis for comparing the posi-
tion of the point cloud of the analysed ceiling. Normal distances
of individual points to the plane were determined, a cross-
section was generated, and a profile of the ceiling face was
developed according to the greatest changes in the geometry.

2.3. Dimensioning with the limit state method

There are two limit states: ultimate limit state and serviceability
limit state. The design of wooden structures should be carried
out in accordance with Eurocode 5 [38].

The ultimate limit state was calculated based on the follow-
ing formulas, assuming bending along fibres. Thus, it was taken
that the element was exposed to stresses only along one of the
main axes:

G, G;
km’"_%d 4 2mzd 1, 2)
fm,y,d fm,z,d
G, G,
k< 3
fm,y,d fm,z,d

where:

Opn.y.d> Om,zd» — design bending stresses, determined with re-
gard to main axes of the cross-section,

Smyd> fmza — design bending strengths corresponding to
bending stresses,
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kn, — coefficient of redistribution of bending stresses in the
cross-section (for a rectangular cross-section k,, = 0.7).

The load-bearing capacity of ceiling beams, assuming bend-
ing in one plane (bending in relation to the weaker axis of the
cross section), was calculated according to the equation:

“4)

o Mz,d <
c7m7z,d = > kcritfm,z,d )
yn

where:

M, 4 — bending moment in the cross section,

Wy, — strength index about the y-axis, ke — buckling factor
(for an element protected against buckling kit = 1.0).

The serviceability limit state was verified based on equations
(5)—(8), assuming that the final deflection ug, from a combi-
nation of different actions should be considered as the sum of
separately defined deflections for each action:

Ufin = Ufin,G + Ufin,0; T Ufin,Q; » )]
where:
Utin,G = Uinst, 6 (1 + kger), 6)
Utin,0, = Uinst,0, (1 + W2,1kdet), @)
Utin,0; = Uinst,0; (1 + W2,ikdef) (3

ufin, — final deflection from permanent action,

Uing,6 — temporary deflection from permanent action,

kget — factor for deflection increase over time due to the com-
bined effect of material creep and changes in moisture content,

ufin,01 — final deflection from variable action (first significant
variable action),

ufin,oi — final deflection from variable action (successive vari-
able action),

Uingst,01 — temporary deflection from variable action (first sig-
nificant variable action),

Uingst,0i — temporary deflection from variable action (first sig-
nificant variable action),

Y, 1 — coefficient for the combination value of variable action
(first significant variable action),

Y, ; — coefficient for the combination value of variable action
(successive variable action).

Verification of the ultimate limit state requires the adoption
of design values of actions, whereas for the serviceability limit
state, the characteristic values are assumed. The design value of
loads should be determined according to the equation:

Xk

Xq = kinod— , 9
d dYM )]

where:

X — characteristic value for material strength, i.e. f,, .,

Yu — partial safety factor for material properties,

kmod — modification factor for the duration of load and mois-
ture content.

2.4. Methodology of moisture content and mycological
tests

Mycological and moisture content tests of wooden elements
were carried out using non-destructive (moisture content) and
destructive (mycological) methods. Moisture content was mea-
sured using the qualitative method with capacitive moisture
sensors and dielectric measurement, allowing for obtaining re-
sults without the need to sink the electrodes into the sampling
material. When hard wood is analysed, the parameters of the
TERMIO BM40 recorder are a significant advantage, the mea-
surement range of which is between 0-50% and the resolution
is 0.1% for wood and 0.1°C for temperature. The device can
operate in a temperature-varied environment ranging from —5
to +50°C. Its optimal clamping force, when applied to the ex-
posed web of the ceiling beam along fibres, is 10N. The mea-
surement depth was 50 mm.

The mycological analysis was carried out in previously
selected places, where subsequently test holes were made,
with two methods of collecting pathogens [39, 40]. The non-
invasive method was used to collect the sample by rubbing
the selected places with sterile swabs, each time from an area
of 100 cm?. The destructive method, from each sample, un-
der full aseptic conditions, consisted in splitting off a frag-
ment of the ceiling beam with a decontaminated sterile swab.
The beam was sampled in its 1/5 thickness. The presence
of fungal structures in the provided samples obtained with
the destructive method was assessed by dividing them into
100 one-millimetre fragments, which were laid out with 50
one-millimetre inoculate on PDA (glucose-potato agar). The
colonies that grew were counted and identified by species.
This method assumes that the share of fungal or bacterial
colonies in more than 20% of material fragments laid out on
the culture medium indicates a strong growth of microorgan-
isms. The samples obtained with the non-destructive method
were put into a flask containing 100 ml of 0.9% NaCl. Af-
ter 5 minutes of shaking, 1 ml of suspension featuring prop-
agating particles of microorganisms was taken from the ves-
sel and applied to flasks with a known volume of 0.9%
NaCl. After applying 1 ml of the mixture to solidified cul-
ture media (PDA and Sabouraud’s medium), the objective
was to obtain no more than 10-15 colonies on a Petri dish.
The colonies that grew were counted and the known titre of
the suspension, regardless of dilution, allowed for calculat-
ing the number of units forming microbial colonies (CFU)
over 100 cm?. The criteria for assessing the presence of prop-
agating particles on the tested surfaces were adopted in ac-
cordance with HACCP recommendations (Hazardous Analyt-
ical Control Points), compliantly with Draft European Standard
CEN/TC/243/WG2/1993.

The obtained colonies below the value of 20% are consid-
ered random. However, the criterion does not apply to domestic
fungi. Here, even one colony indicates wood contamination.

The occurrence of surface and deep condensation was ver-
ified with the non-destructive method using the Trotec BP25
“dew point” temperature scanner. Diagnostics were carried out
in test holes made from the room on the ground floor of the
Palace, i.e. in the ceiling of the Column Hall. The scanner mea-
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sures the temperature using an infrared light sensor. The mea-
suring accuracy is +3.5°C, for +20°C and air humidity +3.5%.
In total, three measurements were made in two test holes.

3. RESULTS

3.1. Measurements of the ceiling geometry

Measurements of the geometry of the ceiling and its inventory,
in the rooms located directly under the Column Hall, were made
with 3D laser scanning techniques (TLS). Scanning was carried
out at eight measuring stands ensuring the continuity of point
clouds (Fig. 3). The resultant point clouds were then combined
into one point cloud in Faro Scene. The accuracy of connection
of point clouds is at the level of Maximum Point Error 1.6 mm,
Mean Point Error 1.2 mm, Minimum Overlap 56.2% with the
maximum error in determining the distance Max. Distance Er-
ror 2.8 mm.

Initially, in Faro Scene, the point cloud was imported to
CloudCompare. The cloud was processed to reduce noise and
extract only the points that formed the ceiling geometry. Then
a horizontal reference plane was introduced. Figure 4 visual-
izes the map of (normal) distances between the point cloud and
the top-down adopted reference plane. As the arrangement of
beams of the ceiling supporting structure was unknown, the po-
sition of the plane was assumed arbitrarily, and the developed
distribution is a visualization of the map of the height of the
ceiling face above the assumed comparative level (plane). Ad-
ditionally, Fig. 5 shows the distribution of distances in the form
of a histogram. The mean difference in the position of points
(point cloud — reference plane) was 14 cm with a standard devi-
ation of approx. 5 cm. The distribution of changes presented in
Fig. 4 indicates that the ceiling is not horizontal, the differences
also arose due to the method of finishing the ceiling — bas-relief
(Fig. 6). Figure 4 also shows the profile of the ceiling face in
cross-section with the greatest changes in its geometry between
the entrances to side rooms. The difference between the highest
point of the point cloud at the entrance to the room on the right
side (Fig. 4 point 3) and the point at the entrance to the room
on the left side (point 4) was as much as 12 cm. Similarly, the
difference between point 1 and point 2 was 6.6 cm (measure-
ments were made outside the outline of the existing stucco). It
should be noted that the lime-cement plaster made on reed does
not create a perfectly even surface, therefore, the measurement

Fig. 4. Map of distances from the reference plane and profile of the
geometry of the ceiling face
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Fig. 5. Histogram of the distance of the ceiling face from the adopted
reference plane for the entire point cloud

may be at risk of a large error and the location of ceiling beams
alone cannot be concluded from it. Nowak et al. conducted sim-
ilar studies of a historic building planned for reconstruction and
adaptation [11], and, based on laser scanning, they estimated
the ceiling deflection as 1.39 cm and the deviation of the front
wall from the vertical plane by approx. 2 cm.

K

Fig. 6. Stucco on the ceiling (visible cracks in the plaster)

Only one series of measurements was made, therefore it was
not possible to determine the deformation of the ceiling during
its operation (when changing the ceiling load). It would require
the imposition of additional load on the ceiling and re-inventory
to obtain such data, for which the conservator’s consent was not
given.

However, the measurements carried out by means of laser
scanning facilitated selecting the optimal location of places
where endoscopic measurements were carried out and samples
were taken for mycological tests.

3.2. Calculations of the load capacity and deflection

of the ceiling
Based on the analysis of the ceiling geometry carried out us-
ing laser scanning, the places for test holes in the ceiling were
selected. The part of the ceiling that was selected showed the
greatest deflections during scanning. Before test holes were
made, a reconnaissance opening had been drilled into which an
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endoscopic inspection camera was inserted, allowing for identi-
fying the location of ceiling beams. It significantly contributed
to minimizing the interference in the ceiling structure in this
historic building and helped select the location of test holes in
the places that did not damage the ceiling structure (Fig. 7).

Fig. 7. View of the ceiling cross-section taken with an endoscopic
camera

Two 10 x 15 cm test holes were made, the location of which
is indicated on the projection (Fig. 8), whereas Fig. 9 shows the
location of test holes in the room.

AR
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) ‘ % : .
Legend: the beams of the lower system are marked in green; the beams
of the upper system are marked in yellow; the locations of tesholes are
marked in red, point 1 — the first test hole, point 2 — the second test
hole.

Fig. 8. Partially recognized and plausible distribution of ceiling

Photos taken with an endoscopic camera and data from test
holes allowed for making a drawing of the ceiling cross-section
(Fig. 10) and a projection of the ceiling structure (Fig. 8).

Static calculations of the first and second limit states were
made for the given ceiling structure of the Column Hall shown
in Fig. 10. The purpose was to determine the maximum values

Fig. 9. Location of test holes

FLOOR BOARD, 3 cm THICK

PLANK SHEATHING, 2 em THICK

JOISTS PLACED ON THE UPPER BEAMS, 12 cm THICK/AIR GAP
PUGGING (LIME MORTAR, WOOD SHAVINGS, CHAFF), 12 cm THICK
HOLLOW CEILING FORMWORK 3 cm THICK

WOODEN BEAM 24x28 cm/AIR GAP

[CEILNG SHEATHING BOARD WITH REEDS, 2.8 cm THICK
CEMENT-LIME PLASTER, 2-2.5 cm THICK

COLUMN HALL FLOOR

]
|
|

BUILDING INTERNAL WALL

h2p 26 g S g2 S 2y B 2 B p oy B 2y B gy

Fig. 10. Recognized cross-section of the ceiling

of service loads that the ceiling could carry. Therefore, the cal-
culations of the ultimate limit state were made to estimate the
highest possible value of service loads after considering perma-
nent loads. For the serviceability limit state, the highest possible
value of service loads was determined considering the maxi-
mum permissible deflection for ceiling beams.

The following assumptions were made for calculations:

e Use class 1 for a heated building (the class is characterized
by a material moisture content corresponding to a temper-
ature of 20°C and relative humidity of the ambient air ex-
ceeding 65% only for a few weeks a year. For class 1, the
average moisture content of most types of coniferous wood
does not exceed 12%).

e Wood class C35 with moisture content of 12—15% (the class
was adopted due to the use of non-resinated wood for the
ceiling, which significantly increases its strength). Strength
properties of class C35: f,, ,x = 40 MPa, Eg mean = 13 GPa,
E()’05 = 8.7 GPa.

The ceiling layers shown in Fig. 7 have loads with a char-
acteristic value of 2.355 kN-m~2. The span of the ceiling is
8.5 m. The following data is designated for ceiling beams with
dimensions of 24 x 28 cm: A = 672 ¢cm?, Wy, = 3136 cmd, I, =
43904 cm*.

The bending strength about the y-axis is (y-axis is horizontal
in the beam cross-section):

f o kIIlOd.fmy,k o 0.7 40
myd = Y 13

= 21.54 MPa,
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www.czasopisma.pan.pl P
=

N www journals.pan.pl

POLSKA AKADEMIA NAUK

Multi-criteria diagnostics of historic buildings with the use of 3D laser scanning (a case study)

while the design load-bearing capacity of the wooden beam
equals to:
Mgoa =Wy frn.a=67.55kNm.

Assuming the spacing between the central beams of 62 cm
(Fig. 10) and for the static diagram of a single-span, free-
supported beam, evenly loaded, the permissible service load
was determined, which is 5.35 kN-m~2. Consequently, the
above calculation allows us to conclude that, based on the ul-
timate limit state calculation, it is possible to add (above the
permanent load associated with ceiling layers) the ceiling/floor
load in the Column Hall not exceeding 535 kg-m~2 (assuming
a partial load factor yr = 1.5).

The serviceability limit state was verified using equations
(5)—(8). Strength data of the wooden beams was adopted as in
the analyses of the first limit state. The recommended deflec-
tion limit was taken based on [38] and it is L,s/250 (where [y
is the span of the beam). Eurocode 5 [38] facilitates, in the case
of historic buildings, an increase in 50% of the deflection limit
value. Thus, for the considered ceiling, the limit deflection is:

L
Unet fin = ﬁ 1.5=5.29 cm.

The maximum service load, which can be added to the exist-
ing permanent load, was estimated by determining the deflec-
tion sagitta for a freely supported, uniformly loaded beam, for
which the ratio is [ /h < 20 (the length of the beam to its height).
For permanent loads, the final deflection from permanent action
Ufin, G is:

quL‘e}f

——— =3.16cm.
384E0,meanly

Ufin,G =

By subtracting the value of deflection from permanent loads
from the limit deflection, the partial deflection of the beam
can be determined, which can be used for service actions and
amounts t0 ugn ¢ = 2.13 cm. By transforming equation (6), the
value of service load Q = 2.11 kN-m~2 was calculated. There-
fore, in addition to the permanent load, it is possible to add
to the ceiling/floor in the Column Hall a load not exceeding
211 kg-m~2.

3.3. Results of moisture content and mycological tests
The moisture content of selected ceiling elements (the represen-
tative places for analysing were selected based on the scanning
method) is presented in Table 1. In total, in two test holes, 3
measurements were made.

Figure 11 shows exemplary moisture content measurement
at measurement point no. 2.

Table 1
Results of moisture content measurement for three measuring points
of wooden elements of the truss

Point no. 3

10.3

Truss elements Point no. 1 Point no. 2

% 5.8 6.5

Bull. Pol. Acad. Sci. Tech. Sci., vol. 70, no. 2, p. e140373, 2022

Fig. 11. Moisture content measurement of ceiling beams
— test hole no. 2

Both standards: PN-EN 1995-1-1:2010 [38] and PN-B-
03150-01:1981 [41] specify the permissible moisture content of
coniferous wood, from which the analysed structural elements
are made, depending on the conditions of their use, and accord-
ing to the principle that their moisture content can be 2% lower
or equal to usable moisture content. The permissible coniferous
wood moisture content is 20% for structures protected against
moisture and 23% for structures located in the open air.

According to the given criteria, the tested ceiling elements
in the area near the external wall and in test holes, i.e. the
most moisture-prone places, proved to be dry. In situ tests
were carried out inside the Palace at maximum temperature
T =16.9—17.7°C and maximum moisture content 48—52%.

During the examination of the occurrence of condensation on
the surface of the ceiling inside the rooms, no "dew point" was
found. Also, no symptoms of wood decomposition were ob-
served on the samples submitted for testing as well as no living
structures, i.e. domestic fungi belonging to basidiomycetes (Ba-
sidiomycota) with strong wood decomposition capacity were
found (Fig. 12).

Fig. 12. Petri dish after incubation (inoculation and the truncated tip
from swabs for sample no. 1)

Figure 8 shows the representative places chosen for testing
selected according to the results of scanning tests. The samples
were taken compliantly with the following methodology. Sam-
ple no. 1 was collected non-destructively from the beam surface
in test hole no. 1. Samples no. 2 and 3 were taken by the destruc-
tive method in test hole no. 1, whereas samples no. 4 and no. 5
were taken from test hole no. 2 by the destructive method. The
test material was delivered in containers (Fig. 13).

Table 2 lists the species of fungi identified during examina-
tion.
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Fig. 13. Exemplary sample of wood taken for laboratory tests

Table 2
Fungal species identified in samples

Sample number
Species HEEEEERE
Number of fungal colonies (CFU)
Alternaria alternata 2 1 1 4
Asprgillus nidulans 1
Cladosporium cladosporioides 3 3 12
Penicillium chrysogenum 8 4 4
Penicillium oxalicum 1
Penicillium variabilae 2 2 1
Ulocladium botrytis 1 1
Fungal colonies — total 14 11 19 15 14
Isolations % 14 11 19 15 14

Given mould fungi, it is assumed that the presence of fungal
structures (CFU) in the tested material of up to 20% does not
indicate the existence of favourable conditions for their growth.
Such a level indicates natural contamination by fungal struc-
tures present in the immediate vicinity of the sampling site, i.e.
in the air.

4. DISCUSSION

Most often we perceive historic objects as "sacrum", however,
at present we are beginning to avoid this schematic thinking
about our cultural heritage. The art of managing monuments
and historic objects should consist of skilful balancing between
the protection of original historic values and commercial and
financial considerations. The authors in [42—44] referred to the
diagnostics of historic buildings to use them as sacred, museum,
hotel, educational or recreational facilities, providing the most
advantageous methods of multidisciplinary and sustainable his-
toric protection. They described technical and legal problems
related to adaptation to modern requirements, i.e. safety of use,
fire protection, and proper energy performance. The assessment
of the load-bearing capacity of historic buildings is a com-
pletely different matter, in which modern load standards cannot
be used, as most of these structures would not meet current re-

quirements. The works [45—47] show the method of calculating
the load-bearing capacity for historic buildings and explain the
accepted deviations.

It is difficult to carry out diagnostic tests in historic build-
ings since they are usually under conservation protection and
all methods, particularly the ones that consist of destructive di-
agnostics, are impossible to apply. Therefore, the laser scan-
ning technique proposed in this study, performed as the first
examination to determine the places for test holes, is an excel-
lent solution as non-destructive, not interfering with the mat-
ter of the historic building. The use of laser scanning can sig-
nificantly facilitate the assessment of damage and the proposi-
tion of an appropriate renovation system [11]. The accuracy of
point clouds is sufficient to perform surface regularity checks.
Boshe and Guenet [48] carried out relevant experiments by per-
forming a surface flatness check using TLS. They also indicated
that it is not necessary to conduct extremely dense scans, which
consequently translates into saving time otherwise required for
making measurements. The moisture analysis of historic build-
ings should be carried out thoroughly, the best results are ob-
tained by conducting in situ examinations [49]. Mycological
tests reveal the presence of various species of fungi, in par-
ticular toxicogenic and wood-degradable species. The method-
ology of mycological studies, on the basis of which the de-
termination and counting of pathogen colonies are conducted,
is well documented in the literature and has been used for
years [39, 40, 50-52]. The samples did not show the presence
of microorganisms considered pathogenic in amounts above av-
erage, as described in the Directive [53] of the European Par-
liament and the Council of Europe of September 18, 2000 as
organisms of the 2nd and 3rd groups of danger, i.e. causing dis-
ease. Also, the presence of species posing a threat to health,
listed in the Regulation of the Minister of Health of April 22,
2005 on harmful biological factors for health in the work envi-
ronment and protection of the health of workers professionally
exposed to these factors, was not found (Journal of Law, 2005
No. 81, item 716) [54].

5. CONCLUSIONS

“The future is a present made from the past”. André Malraux’s
words make us consider and reflect on the importance of pro-
tecting historic buildings. The paper shows, on the example of
a historic palace located in western Poland, the course of action
and the results of diagnostics of one of the rooms in the facility
for which a change in the manner of use was planned. Based on
the tests and calculations performed, it can be concluded that:

Laser scanning is an efficient tool for the initial analysis of
objects/buildings, i.e. it identifies the places with the greatest
deflection or displacement for further invasive diagnostics.

The large deflections of the ceiling, which were revealed by
laser scanning, were not confirmed by calculations. Therefore,
it is concluded that they may be caused by structural imper-
fections created during construction. The flexibility of the floor
may be due to poor stabilisation of the wooden floor constructed
on joists. Undoubtedly, the structure of the ceiling is also impor-
tant, primarily the layer of plaster applied on the reed, which

Bull. Pol. Acad. Sci. Tech. Sci., vol. 70, no. 2, p. e140373, 2022



N

www.czasopisma.pan.pl P N www.journals.pan.pl

.

Multi-criteria diagnostics of historic buildings with the use of 3D laser scanning (a case study)

may be subject to large bending and, consequently, susceptible
to scratches and cracks in every direction,

Based on the measured ceiling geometry, the places with the
greatest deflections were selected for making test holes, which
allowed us to recognize the ceiling structure and collecting
wood samples for moisture content and mycological tests,

The performed calculations of wooden ceiling beams with
the limit state method showed that in the case of the ultimate
limit state, the additional service load that can be added is
535 kg~m_2, while in the case of the serviceability limit state,
the value of the additional maximum service load should not
exceed 211 kg-m~2,

After the calculations, it can be concluded that the service-
ability limit state turned out to be decisive in terms of the pos-
sibility of using the Column Hall, because it will be exceeded
when applying a load exceeding 2.11 kN-m?,

The number of units forming the colonies of mould fungi in
the collected samples was low. In the tested samples, no fungi
were found that could pose a threat to structural elements in
terms of biological corrosion,

The level of the presence of fungal structures does not indi-
cate favourable conditions for their development,

Additionally, based on macroscopic examinations of the dis-
covered fragments of the ceiling structure, it was found that
there was no insect damage in the analysed places,

The samples did not show the presence in dangerous amounts
of microorganisms considered pathogenic or expressed simi-
larly.

The moisture tests of wood did not confirm any damage to the
element, the level of moisture content was 5.8—-10.3%, i.e. it did
not exceed the value for structures protected against moisture,
assuming class 1 use of the structure.

The air temperature distribution in the room ranged between
16.9 and 17.4°C for several days of the study. The tests showed
that there is no possibility of surface and deep condensation
within the tested ceiling.

Thanks to the proposed diagnostic methodology, large frag-
ments of the historic ceiling were not damaged in this analysis.
Based on examinations carried out in the selected test holes,
the structural system of ceiling beams as well as their design
and structure were identified. It was specified that it is a dou-
ble ceiling, also known as “quiet”. The identified cracks on the
plaster surface do not show an alarmist state of the ceiling un-
der the Column Hall, and the performed limit state calculations
determine the values of the permissible service loads of the hall.
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