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Abstract
Geodetic measurements aim to monitor the behaviour of objects and prevent various degrees of non-functionality or destruction. 
By measuring vertical movements, the height stability of the monolithic building is monitored concerning the previous stages of 
measurement. The measurements were carried out using a digital levelling instrument, the Leica DNA03 and invar code bars GPCL2 
with a length of 2 m. The object points were mainly stabilized in the supporting structure of the building, but stabilization in the ceiling 
was also necessary in problematic areas. Object points in the ceiling were measured using a special metal hanging holder for levelling 
rods. After the initial verification of the measured elevations, and whether they meet the accuracy criteria, processing followed by the 
application of the Gauss-Markov model based on the method of least squares corrections. The estimates of the unknown parameters 
from the stage measurements were used to calculate the height differences of the observed points, which characterize the behaviour of 
the monolithic object. Significant height changes were detected based on the accuracy of the estimated heights, determining whether 
they represented significant drops or just an accumulation of measurement errors. The height changes of the object points were 
graphically visualized in 1D as time series of decline and in 2D as isolines of vertical displacements based on the floor plan of the 
monolithic building.
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1. Introduction
With the civilization's development, more complex 

constructions began to be built and more interventions by 
man into nature took place. Everything that is on the earth's 
surface, but also under it, is in constant motion. This is be-
cause different forces act on objects and their structures, 
which want to achieve mutual balance. Objects change their 
shape after some time and that negatively affects their func-
tionality, and also their surroundings. Every change in the 
object's position and geometry (shape and dimensions) is 
a consequence of the action of various deformation forces. 
They are created by the action of various physical, chemical, 
biological, and other processes that affect the object and its 
surroundings. The effects of these forces cause internal as 
well as external changes, which geodesy and other measure-
ment technologies can characterize and quantify with their 

procedures and methods [9]1. New and atypical building 
structures must be regularly geodetically monitored to pre-
vent deformations in them. Horizontal, vertical, or even spa-
tial changes occur on construction objects. The horizontal 
movement in the Cartesian system is given by the compo-
nents ΔX a ΔY. A vertical displacement is either a rise or a 
fall and is denoted as ΔZ or Δh. When measuring the defor-
mations of engineering structures (bridges, dams, tunnels, 
etc.), all three components are usually measured ΔX, ΔY, ΔZ 
and their 3D changes [7]7.

2. Determining movements of construction objects
As a result of the action of deformation forces, various 

horizontal and vertical displacements of the entire object 
or only parts of the object or various tilting of the object, 
shape changes of individual constructions, foundations and 
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subsoil of the object occur. When the soil is loaded with a 
construction object, it compresses and settles. For exam-
ple, gravel and sand settle only a few millimetres, while on 
other very compressible soils, they may settle up to sever-
al decimetres. It is dangerous if the object sits unevenly, 
resulting in various cracks forming on the construction 
object that grows larger over time [7]. The purpose of mea-
suring displacements and deformations of construction ob-
jects according to is [14]:

• to obtain materials for assessing the effects of con-
struction on the foundation soil,

• to compare actual shift values with expected shift 
values in projects,

• and to monitor the condition, functionality, reliabili-
ty, and safety of construction objects.

To monitor the stability of the construction object, a dis-
placement measurement project will be developed. In the 
measurement project, the following shall be stated in partic-
ular [14]: the purpose and meaning of the measurement, data 
on the properties of the foundation soil, construction data, 
expected displacement values, required measurement accura-
cy, measurement methods, location of object and reference 
points, schedule for staged measurements, method of pro-
cessing measurement results and their interpretation.

Measurement of vertical displacements and deformations 
is most often performed by geometric levelling, trigonometric 
method, photogrammetric methods, or physical methods [7]. 
Geometric levelling from the centre is the fastest, most used 
and most accurate method of measuring height differences 
[1]. High-precision levelling or precision levelling is most of-
ten used to measure vertical displacements. For demanding 
tasks, e.g. movements of the earth's crust, special-precision 
levelling is used [7]. For such tasks, a point field is also need-
ed, which consists of:

• reference points – their location is chosen in places 
that are not affected by construction activity and de-
formation forces [14]. When stabilizing the reference 
points, the groundwater level and the depth of soil 
freezing (0.3 to 1.3 m) must also be considered [7]. 
When creating new reference points, the so-called 
heavy stabilization is firmly connected to the bed-
rock (concrete pillars and blocks) [9].

• object (observed) points – their position, density, 
number, and location of observed points are chosen to 
determine displacements and deformations of the ob-
served building object. According to the project, they 
are stabilized on the monitored object with levelling 
marks, which are firmly inserted into the object in ad-
vance before the start of the measurement [14].

Fig. 1. Levelling refraction depending on the temperature of the air layers [2]

Fig. 2. The building of the University Science Park Technicom

Fig. 3. Reference points no. 193, 194, 195, 5001, and object points in the Technicom interior 

Rys. 1. Załamanie niwelacyjne w zależności od temperatury warstw powietrza [2]

Rys. 2. Budynek Uniwersyteckiego Parku Naukowego Technicom

Rys. 3. Nr punktów referencyjnych 193, 194, 195, 5001 oraz punkty obiektowe we wnętrzu Technicomu

a) b) c) d) e) f)



9Inżynieria Mineralna — Styczeń – Czerwiec 2024 January – June — Journal of the Polish Mineral Engineering Society

In Slovakia, the points of the geodetic foundations are also 
the points of the state levelling network (SLN). SLN points 
have determined exact normal heights according to Moloden-
sky in the valid national implementation of the Baltic Verti-
cal Datum – After Adjustment (BVD-AA) (1957) with EPSG 
code 8357 [15]. Altitudes in SLN refer to the mean level of the 
Baltic Sea in Kronstadt. Levelling marks are stabilized in per-
manent objects where it is assumed that the object is height 
stable (massive walls of public buildings, bridge piers, etc.). To 
stabilize object points, pin (on the object) or nail (into a solid 
foundation) marks are used. Pin levelling marks are firmly set 
into the object at a height of approx. 0.5 m above the ground 
with free space above the mark for the vertical position of the 
batten [10]. The problem arises if the pin mark is on a build-
ing that has been thermally insulated and left a small "win-
dow" around the pin mark.

The air layers above the earth's surface are not equally 
dense, and when a light beam passes through them, the beam 
is refracted, and refraction (curvature of the light beam) oc-
curs (Fig. 1). According to [2], the transition of the beam be-
tween the layers is smooth and curved. The main source of 
heat is solar radiation, of which 42% is reflected, 15% is ab-
sorbed by the atmosphere and 43% falls on the earth's surface. 
Light beams pass through clean air and the air is heated from 
the surface of the soil. Due to the unevenness and roughness 
of the soil, masses of superheated air are created, which later 
rise in the form of bubbles in swirling movements. Cool air 
currents descend between them to warm up. This creates air 
circulation, where the layers are overheated at the bottom, air 
currents of different temperatures fall and rise in the middle, 
and the rising currents rotate at the top.

Only precise digital levelling is used for measurement in 
the SLN. According to [13] such measurements are subject to 
accuracy requirements:

a) the deviation ρ in elevation between two levelling 
points (double-run levelling) must not exceed the value of the 
extreme deviation which is:

• in 1st-order SLN    (1)
• in 2nd-order SLN   (2)

b) the standard deviation for 1 km double-run levelling:    
       

(3)

c) extreme deviation of the standard deviation for 1 km 
double-run levelling  :

• for 1st-order SLN    (4)

• for 2nd-order SLN   (5)

d) the identity of the connection points must be verified 
according to the topography and by checking the elevation, 
the deviations between the original and the control elevation 
must not exceed the extreme deviation:

• for a section of the levelling network of the 1st-or-
der: R1.52.00 +  [mm],                   (6)

• for a section of the levelling network of the 2nd-or-
der: R2.252.00 +  [mm],                     (7)

where nR is a number of sections, R is a haul length in km and   
ρ is deviation in elevation.

3. Materials and methods
Stability monitoring was carried out in stages at the build-

ing of the University Science Park (USP) Technicom (Fig. 
2). This monolithic structure is located on the TUKE cam-
pus and has been geodetically monitored since 2016. During 
construction, the horizontality of individual floors was also 
determined using trigonometric levelling [8]. The USP Tech-
nicom building began to be built in 2013 in cooperation with 
the Technical University in Košice, the University of Prešov 
in Prešov and the University of Pavel Jozef Šafárik in Košice. 
USP Technicom according to [16]:

• creates an ecosystem for the acceleration of techno-
logical transfer, innovation, and business support,

Fig. 4. Location sketch and measurement procedure of reference and observed height points
Rys. 4. Szkic lokalizacji  i procedura pomiaru punktów odniesienia i obserwowanych wysokości
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• provides space for the support of applied research 
and development,

• ensures the transfer of research and development re-
sults into economic and social practice and supports 
the creation and development of businesses,

• provides an incubation environment for the creation 
and development of innovative startup and spin-off 
companies.

Before commencing the initial stage of measurement, a 
reconnaissance of the existing point field surrounding the 
construction object and a proposal for the location of the ob-
served points according to the designer's specifications was 
conducted. Within the vicinity of the constructed building, 
four reference height points were selected: 193, 194, 195, and 
5001. Points 193 and 194 are secured by pin levelling marks in 
the foundations of the Delius Pavilion building (Fig. 3 a, b). A 
pin levelling mark anchors point 195 within the foundations 
of the Košice-Okolie District Office building (Fig. 3 c). Addi-
tionally, a steel geodetic nail embedded in the concrete block 
of the old foundations serves as point number 5001 (Fig. 3 d). 
These four reference points serve to check each other if any 
of them move and also serve to connect observed points by 
the levelling loop. The height connection to the Baltic Vertical 
Datum – After Adjustment was established using point no. 
193 (Fig. 3 a) with its altitude denoted as H193 = 213.99480 m. 
The location and distribution of reference height points are 
illustrated in the situation sketch (Fig. 4 right). The observed 
points, after consultation with the designer, were secured 
within the supporting structure of the monolithic building. 
At the selected locations were anchored observed points B2 to 
B21 using steel measuring pins (Fig. 3 e, f). The position and 
distribution of points are outlined in the sketch (Fig. 4 left).

The determination of the heights of reference and ob-
served points was carried out by the conditions established 
for high-precise levelling. For measurement used: the digital 
levelling instrument Leica DNA03 (Fig. 5 a), heavy wooden 
tripod Leica GST20-9 (Fig. 5 a), floor mat for the tripod (Fig. 

5 b), two levelling invar bar code rod type GPCL2 (length 2 
m) with a precise spirit level (Fig. 5 b), bipods for levelling 
rods (Fig. 5 b) and levelling pads. The Leica DNA03 is used 
for very accurate determination of heights and using an invar 
batten with parameters ΔL = ±0.02 mm + L ∙ 2 ∙ 10-5, and αT < 
1 ppm/°C achieves a standard deviation for 1 km double-run 
levelling σkm = ±0.3 mm [12]. The resolution of the height 
reading on the invar bar code is 0.01 mm. The standard error 
in automatic measuring in laboratory conditions for the level-
ling measurement instrument of the Leica DNA03 with a 2-m 
invar bar code of the levelling rod was determined to be ±1.3 
μm [4]. The Leica DNA03 instrument with battery weighs 2.4 
kg, the heavy wooden tripod GST20-9 with extendable legs 
weighs 6.4 kg, and the 2 m long GPCL2 levelling bars weigh 
4.2 kg. The levelling instrument needs visibility of at least 38 
cm section of the levelling batten for 20 m without disturbing 
influences (shadow, vegetation). Before the measurement it-
self, the main axis condition of the levelling instrument was 
verified by the most accurate Näbauer procedure, which elim-
inates the effects of refraction and curvature of the Earth [11].

Levelling measurements were conducted in five stages: the 
0th stage in March 2016, the 1st stage in June 2016, the 2nd 
stage in July 2017, the 3rd stage in June 2018, and the 4th 
stage in May 2019. These stage measurements were then di-
vided into three levelling sections or moves. The first levelling 
section involved measurements through reference points 193, 
194, 195, and 5001 (Fig. 4 right). The second levelling section 
extended from point 5001 through B15 to point B2, situated 
on the ground floor inside the building (Fig. 4 left). Within 
the building, on the ground floor, the third closed levelling 
loop was measured across 17 points, spanning from point B2 
to B21. A digital levelling instrument (Fig. 5 a) was mounted 
on a tripod and placed on a special pad to prevent damage to 
the floor (Fig. 5 b). Most points were secured in the pillars of 
the monolithic structure using steel measuring pins, allow-
ing for the levelling invar bar code rod to be placed without 
difficulty (Fig. 5 b, c). The rods were aligned vertically using 
a spirit-level vial and supported by a bipod. For points an-

Fig. 5. Position of the invar bar code rod from the ceiling and on the point
Rys. 5. Położenie inwarowego pręta kodu kreskowego od sufitu i na punkcie

a) b) c) d) e)
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chored in the ceiling, a special magnetic hanger was utilized 
to suspend the invar bar code rod from above (Fig. 5 a, d, e, 
point B11). As the network of observed points was planned 
in consultation with the designer before the construction of 
internal partitions, certain points in subsequent stages could 
not be observed due to changes in construction and were con-
sequently omitted entirely.

4. Processing of measured data
Measured values of levelling measurements Δh to deter-

mine the heights of the observed points h, were processed us-
ing the Gauss-Markov model with the full rank of matrix A. It 
is about the application of MLS (method of least squares) as a 
conventional adjustment method. Point no. 193 was used as a 
reference point for the datum network fixation and its height 
was not changed by the processing. For the given network to 
be adjusted and in the result to determine the best possible 
estimates of the heights of the determined points, the condi-
tion of measurement redundancy (overdetermination of the 
network) must apply in the case of this adjustment: r = n − k.

The most used method for adjusting the height net is the 
Gauss-Markov model (GMM) with the full rank of the matrix 
A of the form:

  (8)

where v represents the correction (residuals) vector of the ob-
served quantities Δh, dΔh = Δh − Δh° is the vector of reduced 
elevations,                    is the vector of the estimates comple-
ments of determined heights and A is the configuration ma-
trix (matrix of partial derivatives).

The adjusting procedure of measured levelling elevations 
between points and determination of estimates of unknown 
point's height consists of the following steps:
1. Arrangement of input data:

a) vector of measured elevations Δh among all points 
with a number n,

b) vector of approximate point heights h° with number 
k was determined using the reference height of point 193 and 
the measured elevations Δh,

c) cofactor matrix of measured elevations QΔh charac-
terizes the quality of elevation Δh, where used σ2 is the apri-
ori variance of the measurement method depending on the 
choice of weights.
2. Creation of model equations:

d) vector of the approximate elevations Δh° is determined 
from the difference in the approximate heights of the points h°,

e) vector of the reduced elevations dΔh is determined 
from the relationship Δh − Δh°.

3. Creation of configuration matrix:
f) design matrix A characterizes the tensile structure 

of the connection of points in the network and there are deter-
mined the partial derivatives of the functions of the approxi-
mate elevations Δh° according to approximate heights h°.
4. Calculation of estimates:

g) vector of estimates of determined heights   is ob-
tained by the sum of the vector complements of the height 
estimates       and the vector of approximate heights h°.

h) vector of estimates of measured elevations      is ob-
tained by the sum of the vector of measured elevations Δh and 
vector of residuals v.
5. Expression of the accuracy of the parameters of the level-
ling network:

i) unit a posteriori variance s2
0 is determined based on 

the minimization condition of MLS,
j) the covariance matrix of height estimates      

contains the main diagonal empirical variances of the heights 
of individual points       ,

k) the covariance matrix of elevation estimates         
contains on the main diagonal the empirical variances of the 
elevation             between the measured points.

The processing of the measured values was carried out 
by software, and after that, it was verified whether the mea-
surements in individual stages were carried out at the same 
level of accuracy. This was done based on statistical testing 
with Fisher's test [9], where the test criterion T is determined 
by the proportion of unit posterior variances s2

0(i) from both  
stages, which was compared to the critical value F determined 
at the significance level α and the number of redundant mea-
surements from both stages f(i), f(i+1):

  
(9)

In this case T < F it is possible to determine the signifi-
cance of the height differences of the observed points between 
individual stages, which consisted according to [6] of:

1) estimates of determined heights of points obtained 
in stages t(i)and t(i+1) were calculated the height differences of 
the observed points of the monolithic building          accord-
ing to the relationship:

 (10)

2) variances of estimates of point heights obtained in 
stages t(i)and t(i+1) were calculated variance values of height dif-
ferences             according to the relationship:

 (11)
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Tab. 1. Assessment of the accuracy of measurement of levelling sections and loops
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3) the critical value            for the difference in height 
estimates              of the observed point was calculated accord-
ing to the relationship:

 (12)

where t is confidence coefficient with value t = 2.5 according 
to the chosen significance level α = 0.01 with probability p = 
98,8 %,

4) comparison of the height difference of the relevant 
observed point       and its relevant critical value               it is 
possible to conclude the significance of the height difference 
between stages t(i) and t(i+1) if this applies: 

 (13)

it is possible to conclude that the point is stable, and the height 
difference is the effect of the accumulation of measurement 
errors, but in the case of:

 (14)

it is possible to conclude that the point is unstable, and the 
corresponding height difference is significant.

5. Results
After the completion of the levelling measurements 

in the individual stages of monitoring the height sta-
bility of the monolithic building, the data was pre-pro-
cessed and verified whether the measurements met the 
required precision. The deviations and the standard devi-
ation for 1 km double-run levelling of the individual stag-
es (Tab. 1) met the required criteria according to equations  
1−7 [13].

Estimation of the heights of the observed points       and their 
standard deviations was performed using the Gauss-Markov 
model based on the MLS, where it was necessary to choose 
the measurement weight. If the weight of the levelling eleva-
tion is dependent on:

• the length of the section and the accuracy of the in-
strument used, then the measurement variance can 
be σkm = ±0.3 mm for 1 km, and σ0 is simple average 
of all σi value,

• the number of levelling instrument positions, then  
σ = ±0.018 mm for one instrument position, consid-
ering that with the average sight length approx. 30 
m, possibly for one km approx. 1000m/(2∙30m) ≈17 
instrument positions, so σkm = ±0.3 mm/km is divid-
ed by 17 instrument positions/km will be assigned  
±0.018 mm on the one instrument positions [3], [5].

The measurement weights were used in the calculation 
depending on the length of the levelling sections and the ac-
curacy of the instrument. If the weights of the measurements 
were used as the number of levelling instrument positions, 
the same measurement weights would be obtained, since in 
the interior only one instrument position was used between 
adjacent height points. That is, at the scales p = 1 the same 
corrections would thus be obtained v and          . The nu-
merical values of height estimates and their standard devia-
tions of all observed points, including their height differences 
  between the observed stages i and i+1, 
are arranged in Tab. 2. Over time, it happened that the points 
were unavailable or destroyed.

After the processing of the current stage of levelling mea-
surements for tracking height changes, it was verified by the 
Fisher test from equation (9) whether the compared stages are 
at the same accuracy level. In the case of a positive result of the 

)1,(ˆ +

ĥ

1,
ˆ

+∆ jjhσ

)()1()1,( ˆˆˆ iiii hhhd −= ++

Tab. 2. Estimates of the parameters for all stages of monolithic building stability investigation
Tab. 2. Oszacowania parametrów dla wszystkich etapów badania stateczności budynku monolitycznego
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Fisher test, differences in the height of the points to the previous 
and to the zero stage were created according to equation (10). 
These differences are due to the vertical movement of the ob-
served points located on the construction object between stages 
t(i) and t(i+1). The results of the stability analysis of the observed 
points stabilized on the ground floor of the monolithic building 
according to equations (11−14) are monitored for the previous 
stage (Tab. 3) and the zero stage (Tab. 4). Statistically significant 
vertical movements of the observed points according to equa-
tion (13) are presented by the symbol in the "sig" column "s".

6. Discussion
Determination of the significance of height changes based 

on comparison with t times the variance of the height differ-
ence was carried out between neighbouring stages (Tab. 3) 
and to the zero stage (Tab. 4). The significance of the height 
changes at the observed points is a consequence of the real 
movement of the point and the symbol "s" has been indicated. 
But if it is a movement caused only as a result of the accu-
mulation of measurement errors, then no symbol was given. 
When analysing the height changes of the adjacent stages, it 
is evident (Tab. 3) that the building usually decreases during 
the monitored period:

• between stages 0–1 there is a significant height 
change at 3 observed points (B2, B10 and B15), the 
average height change is          = −0.12 mm, the maxi-
mum drop is at the point           = −0.54 mm, the min-
imum drop is a point rise           = −0.15 mm, while 
positive values are at 4 observed points while positive 
values are at 4 observed points (B9, B16, B19 a B21). 

• between stages 1–2 there is no significant height 
change at 2 observed points (B11 and B17), the av-
erage height change is             = −0.71 mm, the max-
imum drop is at the point             = −1.34 mm, the 
minimum drop is at the point             = −0.53 mm, 
while the same decreases were also observed at the 

other 2 observed points (B9 and B11).
• between stages 2–3 there is no significant height 

change at 2 observed points (B5 a B17), the average 
height change is           = −0.81 mm, the maximum 
drop is at the point           = −1.95 mm, and the mini-
mum drop is at the point           = −0.48 mm.

• between stages 3–4 there is no significant height 
change at 1 observed point (B17), the average height 
change is             = −0.76 mm, the maximum drop is at 
the point            = −1.46 mm, and the minimum drop 
is at the point            = −0.33 mm.

The single point B17 remained non-significant in all in-
terstage analyses of height changes. When analysing the sig-
nificance of height changes to the zero stage of the geodetic 
measurement, the drops between the individual stages were 
accumulated, so there is much less assumption that any point 
remained stable, or has significant height changes:

• between stages 0-2 there is no significant height 
change at 1 observed point (B9), the average height 
change is           = −0.84 mm, the maximum drop is at 
the point           = −1.45 mm, the minimum drop is at 
the point         = −0.38 mm.

• between stages 0-3 there is a significant height 
change at all observed points, the average height 
change is            = −1.65 mm, the maximum drop is at 
the point             = −3.36 mm, and the minimum drop 
is at the point          = −1.17 mm.

• between stages 0-4 there is also a significant height 
change at all observed points, the average height 
change is            = −2.44 mm, the maximum drop is at 
the point             = −4.82 mm, and the minimum drop 
is at the point          = −1.55 mm.

Based on the results of observing the significance between 
the mentioned stages, it was found that the B12 point with 

Tab. 3. Verification of the stability of the observed points based on the previous stage
Tab. 3. Weryfikacja stabilności obserwowanych punktów na podstawie poprzedniego etapu
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the biggest decline was not the "winner" right from the start 
of the tracking, but only after it overtook the B10 point in the 
decline. The height changes of the observed points in the form 
of a decline time series (Fig. 6) of a monolithic building in 1D 
show that the entire building descends approximately evenly.

It is also clear from the visualization that the observed 
points have a uniform decrease in the interval of 1 mm, except 
for two points that have a more pronounced tendency to de-
crease over the entire observed period than was presented from 
the numerical values. Height changes were also plotted in the 
floor plan of the monolithic building in the form of isolines of 
subsidence, to determine their surface distribution. According 
to the designer, the network of observed points is not evenly 
distributed, and the graphic visualization of subsidence in the 
form of isolines can be significantly distorted. The biggest drops 
(Fig. 7) are to the right of the central part (around B10) and in 
the right part in the strip of dense isolines is a decrease from the 
junction B6-B18 there to the junction B12-B20.

Even the drops to the zero stage (Fig. 8), presented using 
isolines, are the same, that the biggest drops are to the right of 
the central part, which has a smaller slope than at the right edge 
of the monolithic structure.

Based on the above findings, it is necessary to continue mon-
itoring the building with repeated geodetic measurements in the 
next period to monitor the further development of the vertical 

movements of the observed points of the monolithic structure, 
especially in the parts where the most significant decreases occur.

7. Conclusion
The measurement of displacements of building objects is 

constantly increasing because the available land with suitable 
foundation soils for construction within urban areas is de-
creasing and the construction of more complex buildings and 
architectural structures is progressing. These measurements 
make it possible to monitor the behaviour of the objects and 
to prevent various degrees of dysfunctionality or destruction, 
which can have catastrophic consequences. The aim of this 
article was to monitor the stability of a monolithic building by 
measuring its height using a Leica DNA03 digital levelling in-
strument. The measured elevations met the accuracy criteria 
imposed on such measurements, and based on them, height 
estimates of the observed points were determined at differ-
ent stages with their corresponding accuracy. Subsequently, 
significant height differences between neighbouring stages 
and relative to the zero stage of levelling measurements were 
determined. The height changes of the observed points pre-
sented in the overview tables show that the most significant 
changes in height, compared to the zero stage, were observed 
at two points: B10 with a value of −3.48 mm and B12 with 
−4.82 mm., The average height changes from the last three 

Tab. 4. Verifications of the stability of the observed points based on the 0th stage 
Tab. 4. Weryfikacja stabilności obserwowanych punktów na podstawie etapu 0

Fig. 6. Graphic presentation of the development of height changes of all observed points
Rys. 6. Graficzna prezentacja rozwoju zmian wysokości wszystkich obserwowanych punktów
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Fig. 7. Graphical visualization of height changes between neighbouring stages of geodetic measurement
Rys. 7. Graficzna wizualizacja zmian wysokości pomiędzy sąsiednimi etapami pomiaru geodezyjnego
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Fig. 8. Graphical visualization of height changes to the zero stage of geodetic measurement
Rys. 8. Graficzna wizualizacja zmian wysokości do zerowego stopnia pomiaru geodezyjnego
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stages of monitoring were −0.76 mm. These height changes 
were plotted as a 1D grouped time series and as 2D isolines 
on the building floor plan to visualize the magnitude of these 
changes. However, due to the irregularity of the height point 

net according to the designer's intentions, and the fact that 
some observed points disappeared or were destroyed during 
construction, the graphical visualization may present signifi-
cant results in a distorted manner.
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Analiza stabilności wysokości punktów obiektu o konstrukcji monolitycznej
Pomiary geodezyjne mają na celu monitorowanie zachowania obiektów i zapobieganie różnym stopniom ich niefunkcjonalności lub 
zniszczeniu. Mierząc przemieszczenia  pionowe, monitoruje się stabilność wysokości budynku monolitycznego w odniesieniu do po-
przednich etapów pomiaru. Pomiary przeprowadzono przy użyciu niwelatora cyfrowego Leica DNA03 oraz pasków kodowych invar 
GPCL2 o długości 2 m. Punkty obiektu stabilizowano głównie w konstrukcji nośnej budynku, lecz w miejscach problematycznych 
konieczna była także stabilizacja w stropie. Punkty obiektowe w suficie mierzono za pomocą specjalnego metalowego uchwytu do 
zawieszania łat poziomujących. Po wstępnej weryfikacji zmierzonych wysokości i tego, czy spełniają one kryteria dokładności, nastę-
puje obróbka, po której następuje zastosowanie modelu Gaussa-Markowa opartego na metodzie poprawek najmniejszych kwadratów. 
Oszacowania nieznanych parametrów z pomiarów etapowych posłużyły do obliczenia różnic wysokości obserwowanych punktów, 
które charakteryzują zachowanie obiektu monolitycznego. Znaczące zmiany wysokości wykryto na podstawie dokładności szacowa-
nych wysokości, określając, czy reprezentują one znaczne spadki, czy po prostu kumulację błędów pomiarowych. Zmiany wysokości 
punktów obiektu zwizualizowano graficznie w 1D jako szeregi czasowe spadku oraz w 2D jako izolinie przemieszczeń pionowych na 
podstawie planu piętra monolitycznego budynku.

Słowa kluczowe: konstrukcja monolityczna, poziomowanie, monitorowanie stateczności, zmiany wysokości, izolinie ruchów


