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Structural stability assessment of a masonry chimney by vibration
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(1) Department of Structural, Geotechnical and Building Engineering, Politecnico di Torino, 10129 Torino,
Italy
(2) Materials Testing and Research Institute, Karlsruher Institute of Technology, 76131 Karlsruhe, Germany

Abstract

Nowadays buildings can be stressed and shocked in different ways. Rail and road traffic, demolition work,
machines, bells, wind and human movement itself can burden structures and disturb people. Not only a
vibration prognosis, but also a monitoring during certain work is important to ensure buildings’ stability. A
masonry chimney during demolition work of surrounding halls was examined by using a new vibration
measuring technique. This paper briefly describes this new technique and its application during monitoring.
For the measurement technique, the limit values of the German standard DIN 4150/3 were used and the
events where this reference values exceeded, were examined in detail. A dynamic analysis of the structure,
where the natural frequencies and their modal masses were determined, shows that the frequency-dependent
reference values of the German standard DIN4150/3 for the protection of structures, include a relatively high

safety factor. A possible exceeding of the values does not immediately lead to a loss of stability.

Keywords: tall structures; masonry chimney; structural stability; structural monitoring; vibration
measurements.

1. Introduction

The building shocks modalities vary depending on the type of source of exposure and dynamic
characteristics of buildings themselves. In order to be able to carry out a correct monitoring, which is

necessary for the prediction of crack formation, the following aspects have to be considered more closely:

» Mechanism and propagation of excitation
Shocks are the release of energy, which can spread in air, liquids and ground. In case of propagation in
air, it appears as a load; on the other hand, in case of propagation in subsoil, a motion is transmitted to

foundations. Therefore, the type of source influences the behaviour of different components.

» Deterministic and aleatory nature of the phenomenon.
Deterministic vibrations are those determined by mathematical formulations, like harmonic and periodic

vibrations, whereas aleatory vibrations are determined by probabilistic statistical parameters, for example



stationary and non-stationary vibrations. In reality, the measured vibrations often consist of a

superimposition of several of the above-mentioned modes of vibration [1].

+ Duration of the phenomenon
Two fundamental effects of a shock are the achievement of resonance and materials fatigue. Resonance is
only achieved with long, continuous excitations. The minimum duration depends mostly on the first
natural frequency f, of the buildings and on its degree of damping ¢o. If the duration of shocks is higher

than 571, then this effect can be achieved. In this case, tq is determined as follows:
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If the excitation duration does not exceed the constant of time t, for five times, then one speaks of short-

term shocks. However, several subsequent short-term shocks can cause problems with materials fatigue.

+ Spectral distribution of frequencies
Each type of source is precisely defined in an amplitude spectrum over a specific range of frequencies.
Thus, according to Italian standard UNI 9916: 2014, road and rail traffic can range between 1 and 300
Hz, driving in of piles between 1 and 100 Hz and for demolition work where masses can fall between 1
and 20 Hz [2].

In this paper a masonry chimney during demolition work of surrounding halls has been examined by using
a new vibration measuring technique. Therefore, the authors try to perform a new methodology expressly
depicted for monitoring a tall masonry structure. But it is worth noting that to analyze the damage evolution
on historical masonry structures there are other non-destructive methods, such as the Acoustic Emission
(AE) technique. In the past one of the authors has produced several studies applying AEs as in situ
monitoring system to develop a reliable evaluation of the state of conservation and damage of masonry
structures and their evolution in time [3-7].

A feasible idea is that the two techniques could be applied together in the future to have a wider picture of

the damage, considering also the effects due to shocks produced by environmental and anthropic actions.

2. Description of the analyzed building

In the German town of Bretten, about 23km northeast of the city of Karlsruhe in Baden-Wirttemberg lies
the idle Harsch-Steinzeugwerk, which was built in 1926 (Figs. 1, 2). In 2016, the owner decided to demolish
the mighty Steinzeugwerk and redesign the area into a new residential and commercial space. On the 26.000

m? site, only the large masonry chimney remained to commemorate the glorious past of this company.
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Fig. 2: The chimney



According to implementation plans [8], the 54-year-old masonry chimney protrudes 30 meters from the
ground. Its diameter is 2.56 m at the bottom and 1.36 m at the top. The wall has four thickness jumps over its
height. Between the jumps the thickness remains constant, it is equal to 50 cm at the bottom, and only 18 cm

at the top. Table 1 shows the sections with the individual wall thicknesses.

Table 1: Geometric characteristics of the chimney

Section | High[m] | Segment | thickness
length [m] [m]
1 0-1 1 0.50
2 1-4 3 0.38
3 4-14 10 0.31
4 14 -22 8 0.25
5 22-30 8 0.18

The base is conical and it is 3.55 m integrated into the ground. It is stored on a 0.8 m thick plate with a
diameter of 4.8 m. In the base there is a 1.00 m wide and 2.25 m high supply air opening. In the lower area, a
12 cm thick and 2.30 m high, low-reinforced cuff was later attached to strengthen the tower in order to
protect it.

Subsoil reports, statics and material investigations weren’t found. Therefore, there is no precise
information on applied loads, pressure resistance of the masonry, permissible ground pressure and soil and
material stiffness.

The chimney was renovated in 1995 after cracks were formed due to storms. It is believed that the cuff
described above was built after this event. From 1995, the chimney also served as a carrier of a mobile phone
system, which has meanwhile been dismantled. For this reason, as reinforcement, approximately every 110
cm drawstrings were installed, which begin about 3.70 m above the cuff. Overall 23 drawstrings were used
for the whole tower.

The chimney is currently no longer used and is therefore closed at the top by a concrete plug, except for a
small opening for ventilation. The supply air opening is closed by soil and debris.

As previously described, there are several distinct cracks on the reinforced concrete cuff and at various
locations above it. Striking is a pronounced vertical crack with a width of about 10 mm (Fig. 3). The cracks
indicate that the ring tensile strength was exceeded at some point during the time. Evidently, the chimney
also has an oblique position in the direction of the pronounced crack. Possibly, the above-mentioned mobile

radio system, which was attached to this side, caused the formation of vertical cracks.



Fig. 3: Cracks in the chimney

3. Description of the demolition work

The chimney is surrounded by several buildings of the old stoneware factory. These were demolished with
a demolition hammer. The destruction of components is taken place by means of transfer of impact energy of
a sharp chisel. The excavators had a control device for adaptation of stroke rate and impact energy to the
local conditions of use.

In addition, hydraulic demolition tongs were used, which are rotatable and perform the highest
performance in every position. They break the material structure and separate it from the rest of the building
because they can cut the reinforcement. They also shred different materials.

Both devices produce building masses that, in case of the old stone work, can fall down to a maximal
height of about 5 m causing short-term vibrations. Their size can vary consistently: they can range from a
few cubic centimetres to half a cubic meter [9,10].

4. Measuring device

Vibrations are completely described on the basis of amplitude, frequency and zero phase angle. Thus,
vibration measurement technology deals with the measurement of paths, speeds, accelerations, forces,
frequencies and phase angles [11]. Newer instruments convert these mechanical measurements into a
proportional electrical quantity and then amplify and display the variables using electrical means.

The main advantages of an electrical measurement in contrast to a mechanical acting device are the
following ones:

» Measuring device can be kept light and small;



» Measuring sensitivity is greater due to the use of electronic amplifiers;

» Multiple quantities, remote measurements and registrations can easily be performed [12].

A novelty of this study is the creation of a new measuring technique, which was specially produced for
these kinds of problems.

In the case of the masonry chimney, a "SM6 Sensor Nederland™ speed sensor was used which can measure
three directions simultaneously: two in the horizontal direction (H1 = v, and H2 = v) and one in the vertical
direction (V3 = v;). This was connected to a measuring card of the "National Instrument" producer. Then, it
was connected to a computer equipped with National Instrument's software DIAdem™. It is an interactive
software that allows one to measure, find, and manage data. This software also offers the possibility to
analyse the data mathematically and graphically. It also consists of a script to automate repetitive
applications with a partly proprietary programming language and partly VBScript language [13,14].

For this monitoring, on "DIAdem DAC" interface, predefined circuit diagrams have been linked with data,
system and control lines, so that the desired goal is achieved [15]. The aim was to store individual vibration
events during continuous measurement in different files and at the same time to emit an acoustic signal, to
alert the worker that they have exceeded the allowable shock and need to check if any damage has occurred.
In addition, the residents can be alarmed and possibly evacuated. An event includes measurements recorded
one second before the limit is exceeded and five seconds after exceedance.

Among other things, the circuit diagrams define the sampling rate, thus the number of measurements per
second. The sampling rate was set at 500 values per second. This results in 3000 values for six seconds of
recording time. Incoming electrical quantities are transformed by means of a further circuit diagram into
usable speed variables. These are then examined and, as soon as they exceed the limits reported in DIN
4150/3 [16], storage starts and the alarm is triggered. Therefore, as DIAdem DAC creates a file, all measured
data are buffered, and as soon as the limit is exceeded, all data is deleted to one second before the reference
value passed. After five seconds of the limit crossing, the measurement is stopped. A script was then used to
write an infinite loop, with which one can restart the measurement over and over again and at the same time

a new file is created. The names of these files include the time and date of application [17].

5. Monitoring process

Before the actual continuous measurement was started, the natural vibration of the chimney was measured
with an accelerometer after a short calibration time of about 4 minutes. This was installed at a height of
about 19 m. In Fig. 4, the measurement is shown [18].

The measured data come from time-discrete, finite signals, thus signals that are defined only at specific,
equidistant times. The amplitude spectrum can usually be created with the discrete Fourier transform (DFT).
The DFT processes a sequence of N numbers by representing them as values of a polynomial with complex
coefficients. The polynomial can then be represented as a time-continuous periodic function and then

transformed.



To speed the operation up, a Fast Fourier Transform (FFT) can be used. There are different methods of
FFT that bear the name of their developers. In this case the FFT Hanning method was used [19].

The amplitude spectrum is shown in Fig. 5. From here one can see that the natural frequencies are
approximately: 1.10 Hz, 4.55 Hz and 11.46 Hz.

In literature there are various references, such as [20,21], which describe how to determine dynamic
parameters from measurements using different vibration measurement techniques. Other books, such as [1]

and [22] identify and describe these parameters in numeric way.
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Fig. 4: Vibration measurement for determining the natural frequency
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Fig. 5: Amplitude spectrum of the vibration measurement

If the first natural frequency is f, = 1.10 Hz and the degree of damping is set equal to ¢ = 0.02, the

constant of the time 1, can be derived from Eq. 1 as follows:

B 1 B 1
2-m¢o-fo 2-m-0.02-1.10

T =7 sec 2



A falling mass causes a shock that works well under 35 seconds; therefore, limits for short-term shocks,
and not for permanent one, may be used [2].
The masonry chimney is a building with a special vibration sensitivity. According to the German standard

DIN 4150/3, the frequency-dependent limit oscillation speeds on foundations are the following ones:

for f,;, < 10Hz
-l =3 ©

e for10Hz < f,;, < 50Hz

> vy [22] = 0.125 - fygp + 175 @)
e for50Hz < f,;;, < 100Hz

> v [ = 0.04 - £ + 6 )
e for f,;, > 100Hz
S, [@] =10 (6)

These values were compared with the largest of the three measured vibration velocity components X, vy, z
[11].

The program described above cannot calculate the excitation frequency immediately and thus it cannot
change the limits during monitoring. For safety reasons, it was decided to use the smallest reference value of
3 mm/s, because up to this vibration speed, no matter which excitation frequency is present, no problems
should arise in any case. More accurate evaluation was carried out after monitoring. The demolition work
with demolition hammer and tongs took about two and a half months. In this period, 34 events were

recorded, so 34 times the vibration speed of 3 mm/s was exceeded.

6. Experimental results

As a first step, it was necessary to check whether these 34 events really overstepped the limit values as a
function of the exciter frequency. However in most cases the limit has been exceeded only very slightly. To
determine the excitation frequency, DIAdem performed a Fast Fourier transformation for the range between
0.5 sec and 1.5 sec.

If the amplitude spectra were created, one could determine the excitation frequency, that is the frequency
with the highest amplitude. This value was then used to calculate the new limit through Egs. (3-6).

In Fig. 6, for example, the event of June 7 at 11:57 am is shown. In this case, the oscillation speed is

exceeded in all three directions. Considering the direction H1 with v, = 3.304 mm/s and only the vibration



itself (Fig. 6, top left and right sides), the decisive excitation frequency of 10.74 Hz is obtained. According to

Eqg. (4), the following oscillation speed can be determined:

Vmaxnew = 0.125-10.74 + 1.75 = 3.093mm/s < 3.304 mm/s @)

As can be seen, the existing oscillation speed is higher than the limit value, even if the difference is only
0.211 mm/s. So further investigations must be carried out. This calculation method has been performed for

all stored events and the results are listed in Table 2.
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Fig. 6: Event from June 7, 2017 at 11:57 am with the frequency spectrum on the right side

In 23 cases, the vibration speed did not reach 4 mm/s. Among these, there were 4 events that surpassed the
newly calculated value: these were on May 30 at 7:54 am, on June 6 at 12:57 pm, on June 7 at 11:57 am and
on July 14 at 07:51 am. As can be seen in Table 2, the oscillation speed of 3 mm/s in vertical direction is
rarely overrun. Only on May 30 at 7:54 am, on June 8 at 8:58 am, and on June 13 at 08:29 am this case
occurred. However, the calculated frequency of the third event brought a new limit of 3.2 mm/s, which
makes it irrelevant. Mostly, vertical vibrations do not lead to problems because oscillation acceleration is
added with the gravity acceleration. Otherwise, horizontal vibrations could be problematic. In five cases,
there were a vibration speed over 5 mm/s. All of them were relevant: on June 6 at 10:30 am, on June 7 at
02:49 pm, on June 8 at 08:58 am and on July 18 at 08:02 am and at 08:03 am. Five events had a vibration

speed between 4 and 5 mm/s, of which only one measurement was relevant: the event of June 2 at 09:40 am.



In summary: the alarm was triggered in 34 cases. Of these, only ten were relevant, since the frequency-

dependent reference value was exceeded. All others can be classified as false alarms.

Table 2: Oscillation speed that triggered the alarm and calculation of the new
frequency-dependent reference values

Event Peak H1 H2 V3 f Vinax.new Exceeded
Speed | [mm/s] | [mm/s] | [mm/s] [Hz] [mm/s]
May 23, 09:37 am H2 1.017 5.432 -0.233 | 195.313 | 10.000 No
May 23, 02:29 pm H2 1.239 -3.389 -1.631 17.578 3.947 No
May 30, 07:54 am V3 2.086 0.095 -3.579 11.719 3.215 Yes
May 30, 07:57 am H2 0.985 3.579 0.074 147.461 | 10.000 No
June 02, 09:40 am H1 -4.575 -4.246 -0.371 9.766 3.000 Yes
June 06, 10:30 am H2 0.752 -5.549 1.673 15.625 3.703 Yes
June 06, 12:57 pm H1 3.092 0.752 0.011 9.766 3.000 Yes
June 06, 02:30 pm H2 1.112 3.420 1.303 26.367 5.046 No
June 07, 11:34 am H1 3.357 -1.355 -2.245 24.414 4.802 No
June 07, 11:53 am H1 -3.018 -0.053 1.472 26.367 5.046 No
June 07, 11:57 am H1 3.304 -0.413 -0.752 10.742 3.093 Yes
June 07, 02:49 pm H1 -5.951 2.404 -1.334 17.578 3.947 Yes
June 08, 08:58 am H2 -4.501 8.620 -3.304 16.602 3.825 Yes
June 08, 10:33 am H2 -2.213 4.204 -0.932 26.367 5.046 No
June 08, 11:26 am H2 -1.991 4.088 0.720 249.023 | 10.000 No
June 08, 02:15 pm H2 1.101 -4.024 -0.286 | 239.258 | 10.000 No
June 08, 02:33 pm H2 -0.085 -3.537 -0.540 | 238.281 | 10.000 No
June 08, 03:03 pm H2 -1.461 3.050 0.318 238.281 | 10.000 No
June 09, 09:05 am H2 -1.048 3.240 -0.201 | 241.211 | 10.000 No
June 09, 09:08 am H2 -0.529 -4.268 0.921 245.117 | 10.000 No
June 09, 09:13 am H2 0.127 -3.791 -0.064 | 244.141 | 10.000 No
June 12, 09:49 am H2 -1.101 3.071 0.572 248.047 10.000 No
June 12, 10:00 am H2 -0.074 -3.050 -0.402 | 248.047 | 10.000 No
June 12, 10:28 am H2 0.116 -3.293 -0.042 | 249.023 | 10.000 No
June 12, 10:32 am H2 -0.180 -3.029 -0.339 | 242.188 | 10.000 No
June 12, 10:47 am H2 0.868 -3.156 -0.191 242.188 | 10.000 No
June 12, 10:50 am H2 -1.567 3.103 0.286 249.023 | 10.000 No
June 12, 10:55 am H2 0.064 3.431 0.413 249.023 | 10.000 No
June 13, 08:29 am V3 -0.265 1.535 3.018 11.719 3.215 No
June 13, 08:33 am H1 -3.929 -1.059 -2.287 17.578 3.947 No
July 14, 07:51 am H1 3.918 -1.779 2.203 9.766 3.000 Yes
July 17, 10:16 am H1 -3.929 -0.127 -0.508 25.391 4,924 No
July 18, 08:02 am H2 3.908 -6.671 -1.313 35.156 6.145 Yes
July 18, 08:03 am H1 12919 | -8.588 0.275 222.656 | 10.000 Yes

In Fig. 7 all results are shown graphically for better understanding. Basically, one can see a clear division
into two large groups: the first one between 9 and 28 Hz and the second one between 230 and 250 Hz. It can

be concluded that the excitement come from two different sources. The first group is due to falling masses.
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This is also supported by the shape of the vibration velocity diagrams, where clearly only one peak is
present, as can be seen in Fig. 6. The second group may be the hydraulic breakers. As illustrated in Fig. 8, a

plurality of consecutive peaks having a uniform temporal distance are clearly seen.
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Fig. 8: Horizontal vibration velocity of the event June 12, at 10:32 am

In addition, it can be seen in Fig. 7 that three points do not fall into these two cases: on May 30, at 07:57
am, May 23 at 09:37 am, and July 18 at 08:03 am, but it was not possible to detect the source which was the

cause.

7. Numerical modal analysis

The ten events were examined more closely. For this purpose, they are converted as a static substitute
load and applied to the building. First, the measured vibration velocities are transformed into acceleration
with DIAdem. The acceleration response spectrum was determined using a Fast Fourier transform of the
Hanning type. The natural frequencies and their associated modal mass were determined with a FE model by
using the software LUSAS. The masonry chimney was modelled as a fixed cantilever from the subsoil. The
finite elements "Thick Beam™ were used. The diameter changes along the height. As an approximation, the

tower is divided into several sections of constant diameter and 1m high.
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The stone strength was estimated with the Schmidt-Hammer. The Schmidt-Hammer is a rebound
hammer, an instrument for non-destructive material testing, which measures the compressive strength point
by point. It has been found that the bricks have a relatively high compressive strength of over 10 N/mm?. The
mortar is most likely a cement mortar with equally high strength. As mentioned, there is no secure
information about the used materials. For this reason, a conservative masonry strength of f, = 4.8 N/mm? was
estimated. Based on the compressive strength, the modulus of elasticity was determined: E = 4.8 x 1100 =
5280 N/mm?. Using a density of p = 1800 kg/m?, the first four natural frequencies listed in Table 3 with the

associated modal masses can be obtained. The modal shapes and frequencies are represented in Fig. 9.

Table 3: Natural frequencies and associated modal masses of the chimney

Mode Number Natural Frequency [Hz] Modal mass My, [%]
1 1.13 44.1
2 4.60 20.9
3 10.85 10.0
4 19.40 6.1
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Analysis: Analysis 1

Loadcase: 1:Loadcase 1, Eigenvalue 1

Results file: Schornstein fein~Analysis 1.mys

Eigenvalue: 50,6682
Natural frequency: 1,13289
X Error norm: 0,110061E-9

Entity: Force/Moment - Thick 2D Beam

Component: Fx (Units: N)

Fig. 9.1: First natural frequency

Analysis: Analysis 1

Loadcase: 1:Loadcase 1, Eigenvalue 3
Results file: Schornstein fein~Analysis 1.mys

Eigenvalue: 4,64919E3
Natural frequency: 10,852
X Error norm: 37,3943E-12

Entity: Force/Moment - Thick 2D Beam

Component: Fx (Units: N)

Fig. 9.3: Third natural frequency

Analysis: Analysis 1

Loadcase: 1:Loadcase 1, Eigenvalue 2
Results file: Schornstein fein~Analysis 1.mys
Eigenvalue: 835,884

Natural frequency: 4,60143

Error norm: 16,1081E-12

Entity: Force/Moment - Thick 2D Beam
Component: Fx (Units: N)

Fig. 9.2: Second natural frequency

Analysis: Analysis 1

Loadcase: 1:Loadcase 1, Eigenvalue 5
Results file: Schomnstein fein~Analysis 1.mys
Eigenvalue: 14,8514E3

Natural frequency: 19,3957

Error norm: 21,1749E-12

Entity: Force/Moment - Thick 2D Beam
Compenent: Fx (Units: N)

Fig. 9.4: Fourtht natural frequency

Fig. 9: Modal shapes and frequencies of the masonry chimney
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As can be seen in Table 3, the calculated natural frequencies almost coincide with the measured ones, so
that one can assume that the assumed material properties are correct. The total mass of the chimney for the
given geometry is 81.388 kg.

Due to existing geometry, not only compressive stresses but also circumferential tensile stresses occur,
which should not exceed the permissible tensile strength. The fracture plane is perpendicular to the
horizontal joints. However, as previously described and illustrated in Fig. 3, at the base, thus at the
reinforced concrete cuff and at the masonry wall, cracks of several millimetres were found. These must be

taken into account in the investigations, which means, tensile strength of the masonry is neglected.

The reinforced concrete cuff is cracked. Thus, only the reinforcement can absorb the tensile forces in the
circumferential direction. According to implementation plan [8], and as shown in Fig. 10, a reinforcement
steel mesh Q188A, with a; = 1.88 cm?/m, was installed in the 12 cm thick cuff by bending it in a U-shape.
This results in two layers with reinforcement. At the foot 2616 (As = 4.02 cm? were collocated. A
reinforcing steel Bst 500 S with a characteristic yield strength of f,, = 500 MPa was used. Considering a
safety factor equal to 1.15, the yield strength to be used is f,y = 435 MPa. Because the existing reinforcement

cross-sectional area is A = 778 mm?, it can absorb a tensile force of 338 kN.

12
7606 o
— (2]
(]
|| #Q188A g
2016
= —

Fig. 10: Detail of the concrete cuff
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Based on the previously calculated natural frequencies, the associated modal masses, the total mass M
and the amplitude spectra of acceleration, the static load F; was determined for each natural frequency, where

a damping measure of g = 2 has been taken into account:

M
Fi:a'Tm'Mtot (8)

Each force was applied on the top of the chimney. To calculate the compressive stresses and the tensile
forces a new FE-model was defined. In this case the software RFEM of Dlubal Software were used to create
the 3D model with the geometric characteristics written in Table 1. This resulted in 4 values for each event,
one per natural frequency. The final pressure at the foot of the chimney was determined using the Square
Root Sum of Squares (SRSS) method:

a=\/012+022+032+af ©)

As an example the event of June, 07 at 11:57 am is considered. Table 4 shows accelerations according to
the amplitude spectrum for each natural frequency. For each individual acceleration, the static force was
determined by (8) and through the FE model the compressive stresses and tensile forces were found.

In Fig. 11, the 3D model is represented. It shows the compressive stresses due to the third natural
frequency and the vibration of June, 07 at 11:57 am. Attention is drawn to the fact that the force in the model

was entered as a line load, therefore the forces F were divided by the diameter of the chimney head.

15
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Fig. 11: 3D — Model with the compressive stresses induced due the third natural frequency of the vibration
on June, 07 at 11:57 am

Table 4: Compressive stresses and tensile forces from June, 07 at 11:57 am

T a M, F o N,
[s] | [m/s°] | [-] [KkN] | [kN/m?] | [KN]
1.13 | 0.01 | 0441] 023 -4 0.3

460 | 094 |0.209 | 8.00 -146 11
10.85 | 27.71 | 0.100 | 112.76 | -2053 148
19.40 | 24.26 | 0.061 | 60.21 -1096 79

By using Eqg. (9), a compressive stress of 2.3 MPa, and a tensile force of 168 kN, at the chimney base are
obtained, which respectively are lower than the masonry strength (4.8 MPa), and the steel plastic axial force
(338 kN).

As can be seen, the existing loads do not exceed the associated permissible values, and thus it is proved
that this event did not harm to the chimney.

In Figs. 12 and 13, the compressive stress and the tensile forces are shown. As can be seen, the permissible
compressive stress of 4.8 MPa and the existing permissible tensile force of 338 kN were never reached. It is

noticeable that the higher the vibration velocity was measured, the lower the loads. On the other hand,
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vibrations with relatively low vibration speeds lead to a higher utilization of the chimney. The most stressful

event occurred on June 07, at 02:49 pm.
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Fig. 12: Existing compressive stress (blue), missing compressive stress to reach the permissible one (yellow).

350
300

114"
STT
80T
€97
891
SLT

g

v/ v/ v/ v/ v/ v/
/‘481’30 UO@ 03 (/,)@ Os U,)@ Os Uf)@ 0> (J/)@ 0> 0,7@ Os
0 >

w0 g © 05, >0, 0>.. > 0., > 0s.
g Dgy {03, 15, Wi, Ry 9850 Vi, Wi, "y
807 6'/77 6'/77 ,0/77 S ,0/)7 0/77 S0

Fig. 13: Existing tensile force (green), missing tensile force to reach the permissible one (grey)

7. Conclusions

Demolition work is one of many sources of vibration that can burden buildings and disturb people. Among
other standards, the German standard DIN 4150/3 can be used for this assessment. This indicates frequency-
dependent reference values of the vibration velocity. If these are exceeded, then damage to buildings may
occur. However, these values are based on measurements made in the past, which results in them having a

high safety factor to take into account that different variables, such as the mechanical properties of the
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subsurface, and the structural behaviour. For monitoring the masonry chimney, a specially developed
algorithm was used, where individual events are stored in different files as soon as limit values are exceeded.
This can also be used for other monitoring in the future. In about three months working, 34 events were
saved. Among these, ten exceeded the frequency-dependent reference values.

These ten events were then examined more closely by calculating the compressive stresses and the tensile
stresses in the circumferential direction. The calculations constitute a method to have more accurate
information about stresses and forces. All the obtained results show that they do not exceed the permissible
compressive stress, and the maximum tensile force that can be absorbed even if the speed was initially higher
than the reference value. This was then confirmed by a local inspection. No new cracks were found here and
the existing ones did not get bigger. Thus it is proved that exceeding the reference values of the DIN 4150/3

does not immediately lead to a serious loss of stability.
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