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Abstract: The article presents the concept of monitoring buildings and infrastructure elements
located near large construction investments (the construction of high-rise buildings of the Oak
Terraces housing estate in Katowice and the construction of a tunnel under the roundabout in
Katowice along the intercity express road DTŚ). The impacts include deep excavation, lowering of
the groundwater level over a large area, and dynamic influences related to the use of impact methods
of soil improvement. The presented monitoring includes observation of the groundwater level
with the use of piezometers, geodetic measurements of settlement and inclinations, as well as the
measurement of vibration amplitudes generated during the works involving shocks and vibrations. It
was also important to observe the development of cracks on the basis of a previously made inventory
of damage. The results of the monitoring allow corrections to be made in the technology of works
(e.g., reduction of vibration amplitudes, application of additional protections at excavations, etc.) or
the use additional safety measures. Currently, there are also monitoring systems used during the
operation of completed facilities.

Keywords: impact monitoring; geotechnical influence; ground improvement

1. Introduction

Monitoring of the impact of works on the environment is one of the most important
elements enabling the safe implementation of investment projects in urban development [1,2].
Due to the fact that works are carried out near existing buildings, including high-rise
buildings, various types of observations and measurements must be carried out, on the
basis of corrections in the field of works technology (e.g., reducing the amplitudes of
vibrations, using a different type of driving element in the ground, changing the frequency
of soil compaction, etc.) as well as suitable safety measures that can be introduced [3].
Currently, due to the increasingly scarce availability of land for development, investors
are often forced to carry out construction works near other facilities [4] (with a risk of
damaging adjacent buildings) and on poor grounds [5] (e.g., anthropogenic embankments
with a high variability of granulometric composition and state of compaction, organic
soils, etc.). Effective methods of ground improvement as well as technologies which
allow the introduction of structural elements constituting an intermediate foundation or
protection of scarps or excavation walls use shocks or vibrations [6]. They are usually
destructive to nearby structures and can cause various types of damage, breakdowns, or
even construction disasters. In addition, due to the need to optimize spatial development,
it is often necessary to make deep excavations, which may also pose a threat to existing
buildings [7–10].

Properly implemented monitoring should comprise a comprehensive program of
continuous observation, which would enable a fast reaction in the event of a threat [11,12].
Such a program must be properly planned at the design stage and properly implemented
during construction works. Sometimes, measurements and observations during the op-
eration stage are also provided for, as harmful influences may also occur during this
period [13,14].
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One of the most destructive impacts of dense urban development involves deep
excavation works. Very often, the level of the trench bottom is lower than the foundation
level of the neighboring objects, and the works are carried out in close contact with
another building. Often, the neighboring structures are in bad technical condition, or
their structures are very sensitive to additional horizontal displacements and settlements
resulting from the works being carried out, and hence very strict restrictions in this respect
are imposed [15,16]. A separate problem is to ensure the stability of high scarps or walls
of the excavations under high ground load. Another type of harmful effect involves a
temporary lowering of the groundwater level during the excavation works [17]. Such a
lowering may be from a few to a dozen or so meters and can cause additional settlements
of up to several cm [18]. Especially in the case of complex ground conditions, uneven
settlement may be the cause of various types of structural damage. Despite the increase
in the value of mean stresses in the subsoil, which generally increases the subsoil bearing
capacity, accompanying settlements under existing buildings is almost always a danger.

Particularly, destructive effects occurring during the execution of construction works
are shocks and the result of vibrations propagating in the soil medium [19]. Since typical
building structures, located in non-seismic areas, are not resistant to such influences, we can
frequently observe damage or failures effected by dynamic influences. Some of the applied
ground strengthening technologies, such as, for example, dynamic consolidation, making
stone columns, or driving prefabricated piers or elements of sheet piling, may cause similar
damage, as in the case of seismic or paraseismic tremors (e.g., mining tremors). Harmful
vibrations can also occur during the transport of materials or other types of movement of
heavy vehicles or construction machinery.

In the south of Poland, where the monitored investments described in the article were
implemented, mining deformations are a significant problem accompanying construction
sites. They are manifested by a lowering of the surface area, and additionally, inclinations,
curvature of the surface area, and horizontal deformations. Mining deformations also
adversely affect buildings and infrastructure elements within the impact range, sometimes
causing damage. Sometimes, different kinds of influences overlap with the final deforma-
tion of the surface area, which translates into settlement and horizontal displacement of
buildings. Hence, there is a need to take into account all factors that may affect the course
of the monitored process [20–22]. Only in this case can the results of monitoring be reliable
and contribute to the protection of endangered objects.

Due to the nature of the impacts caused by construction works on neighboring facili-
ties, the standards in force in Poland impose very strict requirements in terms of permissible
values (displacements and vibration amplitudes), which often prevents the use of some
very effective technologies, and sometimes also puts into question the realization of some
investments in dense building developments. On the other hand, predictions often differ
from later observations. Additionally, the technical condition of the structures subjected to
hazard or ground conditions in the place where the works are carried out has a great influ-
ence. Hence, monitoring of the impact is very often a prerequisite for safe implementation
of an investment project. The aim of the article is to present the experience gained during
the implementation of the monitoring ring, using the examples of two large investments in
Silesia. Possible measurement techniques were tried, which can be applied in practice for
many larger building investments.

2. Materials and Methods

The following part of the article presents the monitoring of two large investments
carried out in Katowice in the south of Poland (Figure 1). The first one is the construction
of a tunnel under the roundabout along an intercity route through the city center. The
second one is the construction of a large housing estate. Both projects were carried out in
the vicinity of other buildings, hence many facilities were within the range of impact of the
realized construction works.
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Figure 1. (a) Place of realization of the monitored investments. (b) Areas of mining activity and mining deformation in
Upper Silesia.

The first element involving the monitoring of the impact of works on the structural
condition of objects is the inventory of the state of objects at risk of the impact. The scope
of observation and, above all, the requirements involving permissible impacts, should
depend on the type of structure and its technical condition. For new structures in good
condition, slightly higher impacts may be allowed. Yet, when the inventory reveals the
presence of excessive damage, it may necessitate a change in the execution technology of
works, or the use of additional reinforcements or protections. When assessing the technical
condition of objects before starting monitoring, special attention should be paid to visible
cracks, in particular on reinforced concrete and masonry structures (Figure 2b). Cracks on
finishing elements (plaster, glaze, etc.) do not constitute any threat to the safety of use of
the object, yet they indicate the occurrence of accelerated wear of the object and are the
first sign of the object’s lower resistance to future impacts.
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The monitoring should be carried out on the basis of an appropriate design project.
Detailed arrangements regarding the types and frequency of observations, as well as the
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procedures to be followed in the event of excessive impacts, should take into account the
technology used for the execution of works, the relevant safeguards, and the conclusions
from the inventory of technical conditions. An appropriate monitoring program should
optimize the number of tests and observations to be carried out, the frequency, and costs.
It must not be forgotten that some tests may be burdensome for the contractor. Nowa-
days, increasingly complex automatic measurement systems are used, which enable quick
detection of the risk of unfavorable impacts on objects [23,24].

A particularly important aspect of the presented monitoring involves the observation
of the development of cracks noticed during the inventory. A plexiglass plate is glued to
existing cracks (Figure 2b), which enables the observation of the development of cracks
during the execution of works, in particular the growth of their openings. Modern mon-
itoring and diagnostic programs of structures use crackmeters for measurements [25].
Additionally, the observation should take into account the development of a new cracks
or other damage. The above observations are the most significant data to be applied for
expert assessments involving the harmfulness of the impacts on a given object.

The first of the presented types of research is observation of the groundwater level,
which is lowered at the stage of excavation and construction of underground elements.
To determine the extent of lowering, piezometers made beforehand in the subsoil are
used. They consist of a perforated pipe covered with sand. Inside it, the groundwater
stabilizes on an ordinate consistent with its piezometric level in the surrounding ground.
The measurement of this level is carried out by a device inserted inside the pipe into the
water collected inside it. The measurement can be carried out in a traditional way with
the use of devices emitting an acoustic signal when contacted with the water surface,
or in an electronic way. In modern systems, we can also measure water temperature,
direction, and speed of filtration, and we can monitor the quality of water and its degree of
contamination [26].

It is particularly important in the applied monitoring to perform geodetic measure-
ments of settlement and displacements in the horizontal plane. Measurements of this type
have been used for a long time, and they have been now innovated by the introduction
of automation in measurements, which allows for faster responses when the permissible
values are exceeded [27,28]. Reports on geodetic measurements enable to analyze the
impact of works on neighboring buildings at any time. The implementation of geodetic
measurements requires prior installation of benchmarks (for the measurements of set-
tlements) and measurement points (for monitoring displacements), which make up the
measurement matrix (Figure 2a). The design of such a control system should be based on
the assessment of the range of anticipated impacts and the inventory of damage identified
before the commencement of works.

Finally, the last of the discussed methods involves measurements of vibrations gen-
erated on the structures of objects which are within the range of impact. Most often,
accelerometers (Figure 3a) are used to measure accelerations in the structural elements of
objects [29,30]. Less frequently, the amplitudes of displacements or velocities are measured.
To be able to realistically assess the destructive impact, in addition to the amplitude values,
it is also important to know the corresponding frequencies. The frequency range most
dangerous for building structures is 5–25 Hz (Figure 3b). In some countries, appropriate
monograms have been developed to assess the vibration risk level for certain types of
buildings. In general, the permissible values should be determined on the basis of structure
type and the technical conditions of a given building. Vibration monitoring is particularly
helpful in verifying the safety measures used during the works.
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Figure 3. (a) Sensor for acceleration measurements. (b) An exemplary scale for assessing the impact
of vibrations on the structure of buildings (according to the Polish standard).

While discussing various types of measurements carried out in-situ with sensors
installed on the structures of monitored buildings, the accuracy of the measurements
must not be overlooked. The accuracy of geodetic measurements (both settlements and
deflections of objects) can reach ± 1 mm. Currently used measuring instruments can offer
greater precision of measurement, however, for the purposes of monitoring, such accuracy
is sufficient. In the case of groundwater level measurements in piezometers, an accuracy
of ± 0.1 m is completely sufficient. It allows for a sufficiently precise assessment of the
influence on the behavior of nearby objects. On the other hand, vibration measurements
should already be carried out with greater accuracy. It is easiest to carry out the acceleration
measurements, where most of the commonly used equipment ensures a measurement
accuracy of ±1 mm/s2. Such accuracy allows the use of various types of scales (Figure
3b) developed to assess the impact of dynamic influences. In Polish standards, the basic
quantity at which the impact of vibrations on structures is assessed is the acceleration
amplitude, although in many other countries such a quantity is the velocity amplitude.
Measurements of velocity and displacements of vibration would require using equipment
that guarantees a much greater precision of measurements, hence such measurements are
less often used in practice.

It is of great importance when designing a monitoring system to be able to define
the frequency of the measurements carried out. During the realization of earthworks and
geoengineering works, the intervals between measurements should be short enough to
react duly to a possible threat to the safety of neighboring buildings. These intervals can be
slightly extended right after the completion of the works (their effects may remain in the
structures for some time). Frequently, monitoring is also carried out during the operation of
the finished object, when the frequency of measurements is even lower. Sometimes the dates
of tests are selected based on weather conditions (season of year). In the past, due to costs, it
was necessary to limit the number of measurements and the time of monitoring. Currently,
with the introduced automation of measurement, registration processes, archiving, and
even automatic responses, the costs of monitoring are much lower, hence the growing
popularity of its use. The monitoring system fits perfectly into the BIM system, which is
becoming standard in the implementation of larger investments [31].

3. Results
3.1. Construction of a Tunnel under the Roundabout in Katowice

The following section presents examples of the monitoring carried out at two construc-
tion sites in Silesia. The first one involves the construction of a tunnel along the intercity
express road (DTŚ) under the roundabout in Katowice, where underground works were
carried out in 2005. The preparatory works, including the lowering of the groundwater
level, started in mid-2004. As part of the investment project, a tunnel 650 m long and 30.4 m
wide was constructed under an important road intersection in the center of the capital of
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Upper Silesia (Figure 4). The excavations for the tunnel were carried out using the ceiling
method. The structure of the tunnel consists of two floor slabs (lower and upper) with a
thickness of 1.05–1.27 m supported on diaphragm walls 0.8 m thick (Figure 5). The said
walls make up both the tunnel casings and limit the extent of the depression crater resulting
from the temporary (for the duration of the works) lowering of the groundwater level
by approximately 5 m. Additionally, a diaphragm wall was built in the middle between
two parts of the tunnel, which contained traffic lanes in both directions. The length of
the diaphragm wall was 17 m from the ground level, while the length of the piezometers
used was 25 m. Since the ceiling of impermeable grounds (rock grounds-claystone and
siltstone) was too deep, it was not possible to bring down the diaphragm walls to the
impermeable grounds. Subsoil above the rocky soils was composed of medium and fine
sands in a medium dense or dense state (see Figure 6). Consequently, the diaphragm walls
only partially limited the range of the depression crater. Hence, the need to observe the
groundwater level in the area adjacent to the construction site.
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Table 1. Frequency of measurements as part of the monitoring involving the impact on the neighborhood of tunnel
construction under the roundabout in Katowice.

Frequency of Measurements

Number of
measurement

points
During the realization of investment project

During the
warranty

period

X–XII 2003
Preparation

works

I–XII 2004
Execution of

the diaphragm
walls

I–VI 2005
Excavations

VII–XII 2005
Execution of

the tunnel
structure

I–X 2006
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of the tunnel
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The objects subjected to the hazard are located along the tunnel under construction
(Figure 3). It was assumed that the range of the harmful influence was approximately 200 m
on each side of the construction site. This resulted from the depression crater estimated in
the technical project. The buildings subjected to hazard (Figures 7–10) include the sports
and entertainment hall “Spodek” (Saucer), high-rise residential or office buildings (over
20 above-ground stories), and many other structures. Some of them were in poor technical
condition. The results of selected measurements carried out as part of the monitoring are
shown in Figures 11–15. In addition, in many cases, an increase in crack width was found
(up 2 mm, mean 0.2–0.3 mm), which speaks to the real impact of the performed works on
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the condition of the structures. Cracks were most common on walls on the basement or
ground floors (see Figure 2b) and were located near windows or ceilings.
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Figure 10. High-rise buildings in the neighborhood of the works in progress: (a) big office building; (b) residential buildings
of the “Stars” estate.
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Figure 11. Change in water level measured in individual piezometers (construction of the tunnel
under the roundabout in Katowice).
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Figure 12. Settlement of selected objects measured on benchmarks (construction of the tunnel under
the roundabout in Katowice—objects with significant settlements).

Appl. Sci. 2021, 21, x FOR PEER REVIEW 10 of 17 
 

 

Figure 12. Settlement of selected objects measured on benchmarks (construction of the tunnel under 
the roundabout in Katowice—objects with significant settlements). 

 
Figure 13. Settlement of selected objects measured on benchmarks (construction of the tunnel under 
the roundabout in Katowice—objects with small settlements). 

 
Figure 14. Inclination of selected objects (construction of the tunnel under the roundabout in Kato-
wice—objects with significant inclinations). 

 
Figure 15. Inclination of selected objects (construction of the tunnel under the roundabout in Kato-
wice—objects with small inclinations). 

3.2. Construction of the Housing Estate “Oak Terraces” in Katowice 
The second of the analyzed investment projects involved the construction of the 

housing estate “Oak Terraces” in Katowice (Figure 16). As part of the investment project 
realized since 2006 and divided into four stages, a total of 4 large buildings with 12 above-

-25

-20

-15

-10

-5

0

5

O
ct

.0
3

Ja
n.

04

Ap
r.0

4

Au
g.

04

N
ov

.0
4

Fe
b.

05

M
ay

.0
5

Se
p.

05

D
ec

.0
5

M
ar

.0
6

Ju
l.0

6

O
ct

.0
6

Se
ttl

em
en

t, 
m

m
 

date of measurement

Building by Sokolska
Street

Commercial pawilions

"Stars" Residentials no.
96

Office building

diaphragm walls excavation tunnel structure road structure

-100

-50

0

50

100

150

O
ct

.0
3

Ja
n.

04

Ap
r.0

4

Au
g.

04

N
ov

.0
4

Fe
b.

05

M
ay

.0
5

Se
p.

05

D
ec

.0
5

M
ar

.0
6

Ju
l.0

6

O
ct

.0
6

Ja
n.

07

Ap
r.0

7

In
cl

in
at

io
n,

 m
m

 

date of measurement

Star Residen. Y1
Star Residen. X1
Star Residen. Y2
Star Residen. X2
Office Buil. Y1
Office Buil. X1
Office Buil. Y2
Office Buil. X2

diaphragm walls excavation tunnel structure road structure

-40

0

40

80

120

O
ct

.0
3

Ja
n.

04

A
pr

.0
4

A
ug

.0
4

N
ov

.0
4

Fe
b.

05

M
ay

.0
5

S
ep

.0
5

D
ec

.0
5

M
ar

.0
6

Ju
l.0

6

O
ct

.0
6

Ja
n.

07

A
pr

.0
7

In
cl

in
at

io
n,

 m
m

 

date of measurement

Star Residen. No. 88 Y1
Star Residen. No. 88 X1
Star Residen. No. 88 Y2
Star Residen. No. 88 X2
Bank Building Y1
Bank Building X1
Bank Building Y2
Bank Building X2

diaphragm walls excavation tunnel structure road structure

Figure 13. Settlement of selected objects measured on benchmarks (construction of the tunnel under
the roundabout in Katowice—objects with small settlements).
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Figure 14. Inclination of selected objects (construction of the tunnel under the roundabout in
Katowice—objects with significant inclinations).
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Figure 15. Inclination of selected objects (construction of the tunnel under the roundabout in
Katowice—objects with small inclinations).

3.2. Construction of the Housing Estate “Oak Terraces” in Katowice

The second of the analyzed investment projects involved the construction of the
housing estate “Oak Terraces” in Katowice (Figure 16). As part of the investment project
realized since 2006 and divided into four stages, a total of 4 large buildings with 12 above-
ground stories and 8 small 4-storey buildings are constructed (Figure 17). All buildings had
one underground story. A subsoil up to a depth of up to 20 m below the ground level was
formed by anthropogenic embankments composed of coal waste. The embankments were
characterized by a very variable granulometric composition and state of compaction. Below
there were very load-bearing and stiff rocky ground. The works that had a destructive
impact on the neighborhood involved strengthening of the subsoil by means of the dynamic
consolidation method [32]. In the applied technology, a heavy rammer is used for soil
compaction whereby shocks are produced causing vibrations harmful to nearby objects [33].
The situation was complicated by the poor technical condition of the buildings within
the impact range. The said objects were most often single-family houses with masonry
structures, with Klein or wooden ceilings, without additional stiffening in the form of
wreaths. Many cracks were found on the buildings, and the condition of the structures
themselves was a cause of nuisance for people staying in the buildings.
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Figure 17. Buildings of the “Oak Terraces” housing estate in Katowice (project visualization, advertising materials,
Tringranit).

Monitoring of the impact of the works on the neighborhood was primarily narrowed down
to the measurements of settlements with previously installed benchmarks and measurement of
vibration amplitudes resulting from the strengthening of the subsoil. The measurement results
are shown in Figure 18 (settlements of the neighborhood) and Figure 19 (amplitudes of
accelerations caused by dynamic consolidation). The latter values were used to determine
the degree of dynamic damage to objects according to the scales given in the Polish standard
(see Figure 3b). The settlement monitoring was carried out during the first stage of the
works (from mid-2006), in which the first large building on the left (Figure 16) and the
nearest two small ones were built, and during the second stage (from Autumn 2007), where
there were another large and two small buildings.
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Figure 18. Settlement on selected benchmarks (near the construction site of the “Oak Terraces”
housing estate in Katowice).
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Figure 19. Dependence of acceleration amplitude on the distance from the source (neighborhood of
the “Oak Terraces” a housing estate in Katowice).

4. Discussion

The monitoring results presented above in both examples (the construction of a
tunnel under the roundabout and the “Oak Terraces” housing estate in Katowice), clearly
indicate the considerable impact of the carried-out works on adjacent buildings. There is a
visible time-based relationship between the dates of work execution and the formation of
settlements or inclinations identified about 1–2 months later (see plots in Section 3, where
the types of technology with the resulting displacements can be compared). The resulting
additional settlements can reach even more than 40 mm, which in the case of tall objects
that exert considerable pressure through the foundations on the ground, may already be
regarded as a potential risk of failure. The above value of settlement is approximately
equal to the value allowed by the serviceability limit state, therefore creating additional
settlements of this value is often dangerous for the structure (and risk reaching the ultimate
limit state). In general, it is not possible to define strict boundaries, as the safety of a specific
object depends on many factors (e.g., technical condition of the building, type of structure,
ground conditions, etc.). In the case of tall objects, the inclination can also be considerable;
in extreme cases it can even reach 150 mm. The vast majority of settlements and inclinations
remain permanent—after finishing of the works, the object does not return to its original
position. Moreover, the lowering of the groundwater level has a meaningful impact on
subsidence. Currently, efforts are made to prevent the depression crater from extending
beyond the plot on which the investment project is being carried out. In situations where
geotechnical conditions do not allow it (e.g., non-cohesive soils at great depth), observation
of changes in the water level is a particularly important element of monitoring. In some
objects, significantly lower settlements and displacements were found (Figures 13 and
15), which may indicate that these buildings are less endangered by the impacts caused
by construction works. This may be due to the greater distance of the building from the
place of works (e.g., buildings at Sokolska Street or the skyscrapers in the “Stars” estate,
which are further away from the construction site, have low pressure on the ground (e.g.,
commercial pavilions) or a compact and rigid solid of the facility (e.g., the bank building)).
Settlement is also often influenced by ground conditions, causing less deformation of the
area around buildings and a better technical condition of the building’s structure.

There is a noticeable coincidence in the time of construction works with the occurrence
of settlements and deflection of objects within the range. It can be concluded that most
often deformations measured on neighboring buildings appear about 2 months after
excavation, lowering the water level or other types of works that have a large impact on
the neighborhood.
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It was feared that excessive and uneven settlement of buildings could damage the
structure of buildings, leading to building failures. These damages are manifested in the
appearance of cracks in masonry or concrete structures [34]. An example of a crack on the
structure is shown in Figures 2b and 20. Hence, the need for monitoring, which allows for
a quick response, consisting in changing the technology of works, execution of security
or ad hoc repairs. Results of the monitoring results will also allow to determine the real
impact of the works on specific damages. In the case of the two presented realizations, only
a slight increase in the opening or enlargement of some cracks was found, which in no case
led to a failure. Of course, there was a need to make a few repairs, but the cost of this was
negligible in relation to the investment value.
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In the case of smaller objects (e.g., single family houses), additional settlements and
inclinations, regardless of the measured values, are not too much of a problem. This is
due to the compact and rigid building structure and lower requirements (compared to
large buildings) in terms of the serviceability limit state. Yet, the problem may involve
the deterioration of the technical conditions of such buildings as a result of impacts from
the construction site. Hence, it is essential to measure the vibration amplitudes, which
in such cases are the decisive factor. It is also essential to observe the development of
cracks and damage, which can be extremely helpful when choosing the technology of
work execution. A detailed report on the rise of damage may also be helpful in resolving
claims for compensation. It is important to have the inventory of damages prior to the
commencement of works, so that the investor is not forced to pay for the damage incurred
prior to the commencement of works.

The results of the monitoring presented above indicate that in the case of earthworks,
in particular those carried out below the groundwater level, it is essential to measure the
current water level with piezometers. It can be roughly assumed that the reduction of
water level by 1 m can result in additional settlements of about 1 mm (assuming an active
depth of 5 m and an average modulus of elasticity of the subsoil 50 MPa, the above value
may be slightly different depending on the type of soil). With the lowering of up to a few
meters, this is not a big problem for the condition of the building structure, but when the
lowering is larger, additional settlements may contribute to a failure. In the case of the
construction of the roundabout in Katowice, the change in ground water level did not
exceed 2 m, because of the proper operation of the diaphragm walls, although they were
not brought to impermeable soil.

The frequency of measurements (see Table 1) was adjusted to the work schedule. In
the periods of higher intensity of construction works, measurements were carried out
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more often, while at the time when the impact of these works on the resulting settlement
was smaller, measurements were carried out less often. Generally, in the case of large
construction investments with typical soils in Poland, there is no need for measurements
more frequent than once every 2 weeks. It should not be forgotten that more frequent
measurements are more expensive, which can be a problem in some countries. The accuracy
of the measurements of displacements (including settlements), as well as the amplitudes
and frequencies of vibrations mentioned in Section 2, turned out to be sufficient to assess
the impact of the works on the neighborhood.

In the case of the construction of the tunnel under the roundabout, the greatest concern
was the fall of the groundwater level, which was predicted over a large area. Deep excava-
tions could also be dangerous, but they were secured by diaphragm walls. The monitoring
results showed that although some settlements and horizontal displacements were found,
there was no greater threat to the safety of the structures of adjacent buildings. It also
turned out to be beneficial that no mining deformation occurred during the construction
works, which would constitute an additional risk of failure. The location of the investment
(the center of a large city) was essential here, because there is no mining activity causing
large deformations of the land surface, as well as the final phase of coal extraction in Upper
Silesia in Poland.

In the case of the construction of the Dębowe Tarasy estate, the main problem was
vibrations and their destructive impact on the neighborhood. The vibrations caused
by use of the heavy ramming method to soil improvement. Fears were intensified by
the poor technical condition of the adjacent buildings. Monitoring carried out in some
places indicated the need to reduce the energy of ramming, which allowed the destructive
influence of the works on the neighborhood to be minimized.

5. Conclusions

The monitoring of impacts is particularly important in the context of the influence
exerted by an investment project on its neighborhood, which was demonstrated with the
examples included in the article. With less and less access to investment areas, contractors
often have to face the problem of limiting the impact on nearby facilities. In extreme cases,
these influences may cause failure and sometimes even destruction of objects. The main
objective of monitoring is to develop a capability for making quick adjustments to the
applied work execution technology or to introduce additional safety measures. Nowadays,
monitoring is becoming an indispensable element of the realization of larger building
investment projects. The realization of monitoring begins at the design stage, when the
inventory of objects within the impact range should be made. The most important aspect
of the monitoring involves measurement and observation during works, when the impact
on the neighborhood is the highest. Frequently, the realization of monitoring also extends
to the period after the completion of construction works when the operation of the newly
built facility starts. We can also indicate here such investment projects as the A1 motorway
running through Piekary Śląskie, where there is a risk of significant mining deformations.
In such situations, the monitoring system is inextricably linked to the operation of this
motorway and is a prerequisite for users’ safety.

The implementation of monitoring fits perfectly into the observation method of si-
multaneous design and realization of investments. This method has been included in the
current Eurocode 7 standard. Monitoring, based on the two presented examples, allowed
for the efficient performance of works without worrying about the safety of neighboring
objects. Only a small amount of minor damage was found, which, however, is unavoidable
with such large investments. It turned out that the noise from the construction site as
well as dust or dirt on the roads were a greater nuisance for the residents and users of the
monitored facilities. The vibrations were also annoying, but they lasted for a relatively
short time. On the other hand, the carried-out monitoring of the impacts made it possible
to determine that there was no threat to the condition of building structures of nearby
facilities.
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On the basis of the analyzes presented in the article, it is possible to present “good
practices” in the field of monitoring investments carried out in urban areas or near other
facilities. These principles are summarized in the below Table 2.

Table 2. Good practice rules in monitoring of structures adjacent to construction works.

Term The Frequency of Measurements or
Observations Documentations and Projects

Before construction works
(at the design stage) 1/quarter–1/half a year

Inventory of endangered objects,
Inventory of existing damage,

Development of a monitoring project

During construction works 1/week–1/2 months (depending on the
type of works and their pace)

Observation of the development of
existing damage and localization

of new ones
Regular reports with the results of

measurements and observations along
with in-depth analysis

After completion of construction works
and during operation

1/2 months–1/year (more often during
the warranty period, then less frequently,
observation for a specified period given

in the monitoring design)

Regular reports with the results of
measurements and observations along

with in-depth analysis
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19. Gryczmański, M.; Jastrzębska, M.; Łupieżowiec, M. A model for the forecasting of the propagation of technological impacts.
Studia Geotech. Mech. 2008, 30, 59–66.
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