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Abstract
The article concerns the method of architectural inventory of the historic, wooden church in Mnichów
(southern Poland), built in the 18th century. During hundreds of years of operation, structural changes
can be seen in it, as well as in objects located above mining operations. The article explains the principles
of inventory and describes the applied method of laser scanning, starting from the design to the creation
of a 3D solid model of the object, paying particular attention to the analysis based on the created point
cloud. Thanks to them, the area and volumes of all rooms were determined, the verticality of columns
supporting the church levels was assessed, the �oor level and verticality of walls were determined, as well
as the shape and level of the roof edges. Based on the research, it can be concluded that the church, as
an example of a wooden religious monument, is in good condition. The detected deformations in this
range do not have a destructive effect on the current state of the object, but it should be subjected to
control measurements in a cyclical manner. The laser scanning method used allowed for a wide and
accurate scope of the study of the geometry of the church structure, without the need to disorganize its
equipment.

Introduction
The historical heritage of each nation is also associated with buildings that testify to the cultural
development and traditions of the country. One of the examples that con�rm this thesis most is religious
architecture. In Poland, we have small Romanesque churches, monumental Gothic, sophisticated
Baroque, but also wooden churches. They are a living testimony that very often survived several hundred
years despite the total devastation of the country in times of many wars. For this reason, it is necessary
to take great care of their good condition, which will allow them to be preserved for future generations.
One of the activities enabling the assessment of structure stability is the analysis of the geometry of the
object and the assessment of its changes in terms of the study of structure deformation. In Poland, it is
called geodetic and architectural inventory, performed with the help of geodetic measurements.

The aim of the inventory is to faithfully reproduce the spatial layout, interior design, technical and
functional structure of architectural objects. It is a representation of the appearance of an object in a
descriptive or pictorial form and contains brick and wooden architecture objects, interior design items and
individual details. In Poland, in 1980, the Main O�ce of Geodesy and Cartography issued Technical
Guidelines G3.4 [1], whose entries are still used. According to this instruction, architectural inventory
should contain materials and information that present the current state of the object. The results of the
inventory are presented in a descriptive and graphic form. They constitute a historical document that can
be used for works related to the protection of the facility or its revaluation. According to Mieczysław
Kurzątkowski Little Dictionary of Monuments Protection [2], the concept of inventory can be divided into:

1. Measurement inventory - these are drawings made on an appropriate scale on the basis of direct
measurement.
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2. Geodetic inventory - a drawing made on a scale based on measurement with a geodetic instrument,
showing the building and its surroundings.

3. Photogrammetric inventory - the photos are taken with photographic cameras, then processed with
an autograph into drawings at the appropriate scale. This technique accurately reproduces all the
details, deformations, irregularities and defects of buildings.

4. Photographic inventory - it is a collection of photos that are taken at the same time.

The above-mentioned types of inventory complement each other giving reliable information about the
building.

According to Falkowski, Uchański and Sörensen [3], "the process of developing an inventory of an object
can be divided into the following stages:

determining the nature and structure of the object and the purpose for which the inventory is carried
out ;

measurement - obtaining "raw" data - etc.,

geometry modeling - recreating the geometry of individual elements of the object,

supplementing the geometrical part with a descriptive part about the materials used, etc.

interpretation of the results obtained - creating a descriptive (semantic) model.”

Inventory documentation allows to assess the technical condition of the object, planning maintenance
and modi�cations. It also gives the possibility to reconstruct elements of the object in case of their
damage or destruction. Conservators of monuments value the most accurate inventory containing
architectural details, as it allows you to plan their conservation. In recent years, a new measurement
technology [4] has been introduced, which is laser scanning, which allows texture of the point cloud using
digital images or the so-called "Intensity image", electronic leveling and orientation of the instrument in
the �eld (giving it global coordinates). Elements of the measured object such as edges and corners are
not measured directly. They must be modeled based on the measured point cloud. The result of the
inventory carried out with the help of laser scanning may be the point cloud itself if elements of the
scanner's external orientation are determined in advance. From the point cloud, you can read measures
and generate cross-sections. Currently existing standards in Poland allow only one form of inventory
taking, which is creating an inventory drawing. It can be made in the form of a three-dimensional vector
model, provided that it contains all the information that is to appear in the two-dimensional drawing.
There is a lot of Polish Standards [1] about architectural inventory − 13 standards regarding geodesy and
many others describing techniques and methods for preparing technical drawings and dimensioning in
construction. However, they are not homogeneous. Arranging and harmonizing standards would help
create uni�ed requirements for the description and presentation of architectural inventory, carried out by
means of terrestrial laser scanning.

For many years there has been a discussion in world literature on the possibility of using terrestrial laser
scanning (TLS) in architectural, archaeological and historical inventories. Examples of the possibilities of
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using TLS measurements are articles describing the experiences of researchers in the inventory of
ancient buildings [5, 6, 7]. They indicate that in order to obtain a correct result, an appropriately planned
measurement procedure should be performed [8], but it is also necessary to constantly broaden the
knowledge about the possibilities of applying new measurement techniques [9]. Thanks to this, it is
possible, for example, to reconstruct the gothic vault of the chapel [10], and recreate medieval castles [11,
12] in digital form, even with the use of open-source software [13]. This enables the ancient times [14] to
be connected virtually with modern times.

In order to correctly recreate reality, the authors of [15] emphasize that the geometry determined by
measurements must be accurate and should provide the level of precision necessary for quantitative
diagnostics. For this purpose, research on technology with the use of TLS has been repeatedly presented
in terms of the accuracy of the so-called point cloud, which reproduces the measured objects in virtual
space. The authors of the publications refer to this: [16, 17, 18, 19, 20], who prove that this technology in
various forms is an excellent tool for the precise reconstruction of architectural objects and monuments,
starting from small elements and ending with building complexes. It should be noted critical voices [21],
which pay attention to supplementing such measurements with classic geodetic measurements
(tacheometry, GPS) to obtain the so-called georeferencing with an accuracy of more than 10 mm.
However, this does not change the positive response of the scanning technology that is increasingly
being implemented.

However, this indicates the usefulness of the so-called multisensory, i.e. the use of research with the use
of various types of measuring instruments. They show the synergy effect that allows for a signi�cant
increase in knowledge about the tested object. The authors [22] emphasize the importance of an
integrated approach to the analysis and understanding of archaeological contexts in order to document
what is still tangible and to recreate their original features and changes. You can then talk about 3D, 4D,
etc. analysis, where the basis for locating information obtained from other measurement sensors are
spatial data obtained by geodetic techniques (eg TLS). An example of such applications is the
combination of static terrestrial scanning (TLS) and mobile aerial scanning (ALS) [23, 24], integration
with the so-called texture mapping (photogrammetric techniques) [25, 26] or the simultaneous use of
portable X-ray Fluorescence Spectroscopy (pXRF), and photogrammetric techniques to evaluate
monuments from the Byzantine era [27].

Thanks to such data acquisition, it is possible to create metric 3D models in the form of raw point clouds,
but the biggest advantage is the possibility of reconstruction by 3D modeling using surface structures
(triangulation and grid) and combinations of solids. Examples of such an approach are the virtual reality
modeling and visualization of the Palermo Cathedral [28], the automatic algorithm for creating models of
buildings [29] and objects such as historic monuments [30] and ending with the three-dimensional
visualization of Palazzo Raimondi in Cremona [31]. Such modeling is not an end in itself. It is also used
for strictly construction purposes, enabling the reconstruction of the geometry of buildings as part of
Building Information Modeling (BIM), which is now becoming a comprehensive database of information
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about existing buildings (including historic ones), as well as designed objects. This is discussed in more
detail in publications [18, 19, 32].

Raw and processed data can also be used to determine the deformation of historic buildings, resulting
not only from the aging process, devastation (war) but also due to the in�uence of the environment
(earthquakes, �oods, etc.). Few examples of such analyzes are publications [20, 31, 33, 34] in which the
behavior of the structure in a landslide area was examined, deviations from the ideal geometric condition
or the load of arched structures and beam vaults were determined. These publications testify to the need
and possibility of performing such advanced analyzes based on the increasingly used laser scanning.
Thus, the following article is a presentation of the possibility of a geodetic look at the analysis of
deformation of a historic object. The article [35] presents analyzes of a neo-gothic church subjected to
deformations in the mining area, while the issue of the disclosure of deformation of the wooden structure
was discussed.

Description of the inventoried object
The subject of the research of this thesis is a historic, wooden church dedicated to St. Szczepan
(Stephen) (Fig. 1), located in Mnichów - a village in the Świętokrzyskie Province. It is one of the few
original wooden monuments that have been preserved to this day, as wood is a material susceptible to
harmful biological and atmospheric factors. The architectural object in question has a dome with two
towers in the facade and unique Rococo interiors, which have been kept in a uniform style.

The date of creation of this religious building is unfortunately unknown. Most sources state that it was
erected in the 18th century. According to a study by Roman Mirowski Wooden churches and bell towers of
the Świętokrzyskie Land [36] in 1823, the monk's church ceased to be a �lial church of the Mokrsko
parish, which means that the church already existed. Wacław Jaskłowski [37] claimed that the church
was built in 1731, although the foundation act was dated February 13, 1770, and the founder was Stefan
Dunin Wąsowicz. In turn, in 1930, Father Jan Wiśniewski stated in his work “Historical description of the
church, cities, monuments and memorabilia in Jędrzejów” [38] that the church was built in 1754 and its
founder was priest Maciej Łubieński, who in 1754 donated funds for its construction.

The construction of the church in Mnichów is very well thought out and homogeneous in terms of
architecture. The �rst entries describing the church in Mnichów can be found in the Inventory fundi
instructi [39]. They show that the church was built of larch wood, was covered with shingles and had two
entrances. The main entrance with pine doors was preceded by a stone staircase. The smaller side
entrance was also closed with a double door made of pine. The �oor in the church was made of boards.
The church also has four wooden altars and simple nine-voice organs located in the choir. In the
basement of the church there is a brick chapel, whose vault is supported by columns and pillars. The
chapel was called the second church. It was called the Sepulcher of Christ. In 1903–1917, the roof
covering was replaced with shingles with sheet metal. In 2014, conservation of damaged formwork made
of larch wood began.
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The church was built of larch wood. It has a log construction, which is covered with larch planks on the
outside. The church is oriented, which means that the altar wall faces east. It is laid on a Latin cross plan
(Fig. 2a). It has a sacristy, two porches and chapels of Saint Stanislaus Kostka on both sides of the
presbytery. Above the intersection is an octagonal dome, which has four rectangular windows in Baroque
frames. Under the dome there is a slender, octagonal lantern, which is covered with an onion-shaped
helmet. The rectangular west facade is crowned with a triangular pediment, surrounded by two four-sided
towers with zinc sheet roofs with lanterns.

In the northern part of the transept a Rococo altar was set up (Fig. 3), which is entirely made of larch
wood. There is a picture of the Cruci�ed Christ with a �gure of the Mother of God kneeling at the foot of
the cross, embracing him with his left hand. On the sides of the altar on high pedestals are placed two
rococo sculptures made of linden wood, representing the Virgin Mary and Saint John the Evangelist. In
the crowning of the altar is the �gure of God the Father sitting on the clouds.

On the eastern side of the interior there is a music choir (Fig. 4). It is supported on slender, tall, wooden
carved columns made in the Corinthian style. The organ prospectus placed on the choir is decorated with
a rococo ornament.

Mnichow parish church of Saint Stephen is a very valuable monument of Polish, wooden, religious
architecture. This is one of the few, well-preserved wooden temples in Poland. The Mnichow church is not
only an object that can be seen and admired, but is also a place of prayer and celebrating the
sacraments. However, it requires systematic building control, in which the geodesic-architectural inventory
plays an important role.

Methods

Geodetic inventory measurement technology
Inventory of the wooden church of St. Szczepana in Mnichów was made using laser scanning using the
Zoller & Froehlich Imager 5010 C phase laser scanner. It enabled measurements to be made with very
high accuracy (± 5 mm), which allowed for a very detailed mapping of the measured object. This method
allows obtaining a large amount of data with a relatively small amount of time, and at the same time is a
non-invasive method, working in the �eld of near infrared, which in the case of a historic building with a
lot of old polychroms is a key issue.

Measuring an object using a laser scanner involves measuring the distance and angle between the device
and the target. Phase scanners use the phenomenon of phase shift. They constantly send infrared waves
towards the rotating mirror of the scanner. Infrared rays are re�ected from the mirror and are directed
towards the object being measured, from which they are re�ected and return to the scanner. Based on the
phase shift of the infrared radiation wave that returns to the scanner, the distance is calculated. Thanks
to the horizontal movement of the scanner head and the vertical rotation of the mirrors, it is possible, by
taking into account the rotation angles counted by the scanner's stepper motors, to calculate the X, Y, Z
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coordinates of the measured points, for which the value of the re�ected laser light is additionally stored.
For precise measurement of distances, the laser beam is divided into three components with different
modulation lengths. The set of all these points is the so-called cloud the points that represent the
surfaces from which the laser beam was re�ected.. Each cloud point can also have RGB colour values
assigned to it, which correspond to the colours recorded by the photos taken by the scanning device.
Common points are used to orient the data obtained from several measurement stations, which are the
so-called adaptation points for spatial transformation. Most often they are reference spheres or disks, but
they can be other uniquely identi�able elements of existing buildings (points, edges, surfaces). The
positioning of positions during the measurement session has an impact on the measurement e�ciency.
This becomes particularly important when using this method in the interiors of historic buildings, which
are often tight and have complex geometry. This prevents free placement of stations and signals, as there
is a risk of damage to the inventory object.

Results

Church inventory
The measurement according to the project was divided into 3 stages. At all stages, measurements were
supplemented with digital photos that were taken using the built-in camera so that it would be possible to
apply the texture to the resulting point cloud later. First, the measurement was carried out in the
underground part of the building, which is the chapel of Christ's grave (Fig. 5). This level consists of 12
rooms. The second stage was the measurement of the main �oor of the church of St. Stephen's and
rooms on its level (Figs. 3, 4 and 6) and two positions in the choir, as there are two additional rooms. The
�nal stage was the measurement of the object from the outside.

A total of 30 point clouds were obtained from the measurement. The Z + F Laser Control 8.8.1 program
was used to connect them. The scans were combined in two stages. The �rst of them contained 22 scans
made inside the building, while the second one contained 8 scans, which were made when measuring the
external part of the object. Satisfactory accuracy of a uniform point cloud was obtained, characterized by
errors in the position of scanned points in a global system below ± 10 mm. After performing procedures
of �ltering point clouds in terms of re�ection quality, removing unnecessary elements and overrides, a
uniform �le was obtained containing scans made inside and outside the object. (Fig. 6a), from which the
outline of the rooms of the lower and main �oors of the church can be separated (Fig. 6b)

Figure 6 Point cloud representing the church from the outside (a) and a �oor plan based on horizontal
cross-sections through the point cloud (b).

According to analyzes, the church is: 27.75 m high, 695.50 m2 of total building area and 4150 m3 of
volume. Room volumes were determined based on the area determined in AutoCad 2020 and the average
height determined based on the �oor and �oor identi�cation based on CloudCompare. An example of
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conducted analysis for room D shown in Fig. 7 and detailed results for individual rooms are presented in
Table 1.

Table 1
Geometric characteristics of the church's rooms

Room Circumference

[m]

Height

[m]

Area

[m2]

Volume

[m3]

P (underground) 221,33 3,47 320,87 1113,42

A (main nave) 83,91 17,77 260,17 2556,3

B 16,66 4,18 17,5 73,16

C 16,1 3,75 16,34 61,26

D 23,17 3,99 26,7 106,53

E 21,65 3,94 21,64 85,25

F 16,13 4,76 16,19 77,06

G 16,04 4,62 16,01 73,97

As a result of the inventory work carried out, a virtual replica of the building was created in the form of a
3D model, which is shown in Fig. 7. In order to reproduce the colour of the outer walls of the church, RGB
colour obtained from simultaneously taken photos was used. 

Analyzes of the geometric state
To determine the condition of geometric invariance, a number of analyzes were performed based on the
acquired uniform point cloud. Among other things, an analysis of the �oor level of both �oors was carried
out, based on the measured points after the �ltration process (removal of building elements) and thinning
of the cloud. A matrix of points of the tested surfaces at regular intervals of 0.05 m was obtained, which
was then subjected to the process of determining the �oor height changes in the CloudCompare program
and controlling the interpolation of the contour lines in the Surfer® program using the Nearest
Neighbours algorithm. Figure 8 presents hypsometric plans for the level of �oors in the rooms of the
underground chapel (Fig. 8a) and its ceiling (Fig. 8b) in the adopted system of local height.

Figure 7 Verticality of the �oor of the underground chapel (a) and its ceiling (b) and the �oor of the nave
(c)

The maps presented in Fig. 8 indicate the diversity of levels of individual �oors and most importantly, a
change in their level in the same room can be observed. Unfortunately, due to the status of the
monument, it was impossible to make measurements for covered structural elements (foundations),
however, the changes in the level shown in this way, which are within the limits of 5 cm in individual
rooms can be considered statistically signi�cant. The same conclusion can be drawn from the analysis
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of the level of the underground chapel ceiling. Similar procedures were also carried out for the nave �oor.
However, due to its very large construction elements of equipment that could not be removed and the fact
that the boards covering the �oor are not a structural element, but only a masking one, the height
difference determined may not accurately re�ect the levelness of the �oor. However, it indicates the
tendency of inclination in the west-south direction, as the ceiling of the underground part indicates.

An important aspect of the stability of a wooden structure is the verticality of the walls. Failure to comply
with this condition may indicate areas with an increased risk of stress transmission and worsening of the
unfavourable condition for the structural statics. The church in Mnichów has 14 external walls and they
have been subjected to verticality analysis. The designations of the walls that have been measured are
marked in Fig. 9. Similar to the �oor level test, points belonging to individual walls were selected and
points corresponding to window and door openings were removed. Then the point cloud was thinned out
so that the minimum distance between points was 0.5 m. In the analysis of contour plans, the local
coordinate system of the building used local systems, in accordance with the tested planes, in which the
�at coordinates referred locally to the tested plane and as an indicating coordinate for non-verticality, the
value perpendicular to it was considered. It was found that the walls of the building are tilted west
(towards the main entrance, opposite the altar) within (6 ÷ 34 mm / m) and to the south (9 ÷ 21 mm / m).
Sample charts of vertical line isolation are presented in Fig. 8 and detailed data in Table 2.

Figure 8. Deviations from the vertical wall of the external walls of the structure - a) walls ”M“ and “F” on
the west-east axis, b) walls ”B“ and “J” on the north-south axis
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Table 2
The value of the wall deviation from the vertical (wall markings in accordance with Fig. 8)

Wall marking Number of points Height of walls [m] Slope value [mm/m] Tilt direction

A 49 3,63 21 South

B 160 8,85 19 South

C 63 3,67 13 South

D 94 8,78 9 South

E 45 8,73 6 West

F 150 8,97 19 West

G 74 8,68 17 West

H 75 8,93 9 South

I 60 3,30 17 South

J 151 8,76 16 South

K 46 3,51 11 South

L 24 3,43 26 West

M 162 8,87 35 West

N 95 3,52 34 West

The reported deviations from the vertical indicate that the structure is tilting southwest. The resultant
value cannot be directly indicated here, because these walls are not connected into one monolith.
Nevertheless, a tendency to south-west swing has been shown. It should be remembered that the church
was built in the 18th century from larch wood, which is considered to be the most durable and resistant to
deformations caused by weather conditions and the passage of time. However, the inclination of the
walls may have been in�uenced by the way the building was erected and the lack of precise technology
for preparing elements of the wooden structure.

One of the elements of the internal structure, which indicates potential deformation is the analysis of
verticality of the columns supporting the �oor on both �oors.. In the main nave they support the choir
(Fig. 4), while in the underground chapel they support the ceiling (Fig. 5). To determine the values of the
inclination of the columns, it was necessary to determine their height, as well as the values of the shift of
the centres of the columns in the XY plane. It was based on extreme cross-sections for which the
geometrical centres of each column contour were determined at individual height levels. The results of
the calculations are presented below in Fig. 10.

The columns in the underground chapel of the Holy Sepulchre are tilted to the north-west. The northern
column has a greater inclination, i.e. 16 mm/m. The columns located in the nave of the church lean only
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to the west. The northern column also has a greater inclination, i.e. 26 mm/m. Also these analyses
indicate that the inclination of the structure at the level of the main nave is predominant in the western
direction, similarly to the external walls of the church structure.

The church's structure is reinforced by a roof truss, which cooperates with elements of the wooden
skeleton in a much more active way than in modern concrete and brick constructions. For this reason,
checking the shape of the truss, by analyzing its symmetry, may allow additional inference regarding the
condition of the entire structure. For this purpose, the analysis of the levelness of the roof edges (ridge) in
the longitudinal and transverse direction and the analysis of the roof slope inclination were made. The
ridge slope was calculated on the basis of the distance between the characteristic points (Fig. 11) and the
height difference between them using trigonometric functions.

Maximum gradients were found on the B-A section (+ 38 mm / m) (Fig. 11) but also on the north-south
direction for the E-F section (-40 mm / m). Roof slopes analyzed in cross-sections indicate their warping
and torsion of their planes, however, not exceeding ± 1.4% (up to 70 mm / 5 m).

Discussion
The proposed scope of the analysis of the geometric condition of the historic church is a signi�cant
fragment of the possible research. However, in conditions where it is an object used daily for religious
activity, it is di�cult to talk about interference in the structure of the equipment and its even temporary
disassembly for the purposes of other types of research. For this reason, the selected range of
measurements based on laser scanning seems to be the optimal technology, guaranteeing an appropriate
level of accuracy of the inventory performed. The measurement technique used was based on the so-
called reference points (targets) that allowed for proper and unambiguous creation of a 3D model of the
entire church. Note that “targets” cannot be used in all conditions. Then you should consider the use of
such software that enables the merging of point clouds with the "cloud to cloud" algorithm. Then there is
no need to use reference points and the merging is based on automatically determined dependencies
between points, planes and edges detected by the algorithm [40, 41] on the analyzed scans. However,
there is then no guarantee that the accuracy of the resulting spatial model will be at the same level of
accuracy as using "targets". Due to the possibility of registering additional attributes assessing the
structure, apart from the RGB camera, an infrared camera can be used, which will allow the assessment
of the energy stability of the facility. It is very important from the point of view of preventing the
degradation of the structure and equipment of such a historic building, thanks to the detection of the so-
called thermal bridges showing areas of heat transfer through the structure. Unfortunately, in the
presented study, the author did not have access to such a device, but he sees the legitimacy of using such
a research method in the evaluation of subsequent historic buildings. A wooden church is a speci�c
object for the analysis of the geometric state. This is due to the fact that the wood is susceptible to the
transmission of de�ections and deformations even under conditions of large deformation. Therefore, it is
di�cult to determine the safety threshold and each such object should be treated individually. The
presented results of the assessment of the geometric condition by means of laser scanning allow to refer
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to the relationship in the form of parallelism, horizontality, verticality of the structure elements, which in
most cases gives a su�cient basis for inferring about the safety of the structure. However, as mentioned
earlier, the failure to maintain these relations in the case of a wooden structure does not immediately
indicate a condition that threatens its safety. In such a case, it cannot be unequivocally stated, as it was
presented in the article on concrete engineering [34], that the increased load on the beams of the wooden
structure appears almost immediately in the form of deformation and is additionally included in the
functional relationship. The analysed structure has not been rebuilt since its construction and despite the
imperfections shown in the article, it is in good condition.

Conclusions
St Stephen's Church in Mnichow is about 250 years old. This means that it is a fairly young monument.
However, due to the material from which it was built and the technology that was available then it
deserves admiration. It is characterized by high accuracy of execution, especially considering the baroque
equipment. All of its details were created with great care. To carry out the stocktaking, laser scanning was
used as a measurement technology. It made it possible to conduct non-invasive tests of the geometrical
state of the entire structure without interfering with the arrangement of equipment elements. The
performed laser measurements together with the simultaneously conducted photo session allowed for
the creation of geodetic and architectural documentation but also for digital preservation of the current
state of the monument. Certainly, digital spatial models in the form of a point cloud and a solid model are
also helpful in this respect, allowing for multiple analyses and comparison of their results in the case of
periodical surveys.

The current geometrical condition showed existing imperfections in the shape of the church structure, the
surface of �oors, walls and roof slope. They are probably the result of imperfections in the art of
construction from over 200 years ago, but also of the manifesting process of deformation due to the
impact of unidenti�ed external conditions. The con�rmation of this hypothesis is the dominant direction
of the structure's tilt towards the west, determined in several analyzes. Regardless of the identi�ed
imperfections in the structure's geometry, the condition of the building should be considered good, despite
the fact that in recent years the church has not undergone any renovation works that could have affected
the change of its condition and geometry. Due to the value of the monument, it is recommended to re-
measure it to check if the church's geometry has changed. On the basis of the performed analyses, it is
not possible to clearly state whether the changes in the church's geometry are progressing over time, as
there is no documentation of the church's measurements from previous years.
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Figure 1

View of the church of St. Szczepan in Mnichów (source: private archive)
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Figure 1

View of the church of St. Szczepan in Mnichów (source: private archive)
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Figure 2

Plan of the church of St. Szczepan in Mnichów (a) (source: http://www.zabytkowekoscioly.net) and the
scanned internal structure of the structure (b)

Figure 2

Plan of the church of St. Szczepan in Mnichów (a) (source: http://www.zabytkowekoscioly.net) and the
scanned internal structure of the structure (b)

Figure 3

The interior of the church of St. Szczepan in Mnichów (source: private archive)
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Figure 3

The interior of the church of St. Szczepan in Mnichów (source: private archive)

Figure 4

Music choir in the church of St. Szczepan in Mnichów (source: private archive)
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Figure 4

Music choir in the church of St. Szczepan in Mnichów (source: private archive)
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Figure 5

Measurement of the Chapel Tomb of Christ (source: private archive)
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Figure 5

Measurement of the Chapel Tomb of Christ (source: private archive)

Figure 6
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Point cloud representing the church from the outside (a) and a �oor plan based on horizontal cross-
sections through the point cloud (b).

Figure 6

Point cloud representing the church from the outside (a) and a �oor plan based on horizontal cross-
sections through the point cloud (b).

Figure 7
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Points used to measure the built-up area, volume and height of the room D (source: own study)

Figure 7

Points used to measure the built-up area, volume and height of the room D (source: own study)
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Figure 8

Model of the church St. Szczepan in Mnichów - southwest view
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Figure 8

Model of the church St. Szczepan in Mnichów - southwest view
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Figure 9

Verticality of the �oor of the underground chapel (a) and its ceiling (b) and the �oor of the nave (c)
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Figure 9

Verticality of the �oor of the underground chapel (a) and its ceiling (b) and the �oor of the nave (c)
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Figure 10

Deviations from the vertical wall of the external walls of the structure - a) walls ”M“ and “F” on the west-
east axis, b) walls ”B“ and “J” on the north-south axis



Page 31/35

Figure 10

Deviations from the vertical wall of the external walls of the structure - a) walls ”M“ and “F” on the west-
east axis, b) walls ”B“ and “J” on the north-south axis
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Figure 11

Determined vectors of inclination of the column axes from the vertical.
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Figure 11

Determined vectors of inclination of the column axes from the vertical.
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Figure 12

View of the ridge of the church roof west-east.



Page 35/35

Figure 12

View of the ridge of the church roof west-east.


