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NUMERICAL-EXPERIMENTAL RESEARCH 
OF TECHNOLOGICAL EQUIPMENT 
FOUNDATIONS IN DYNAMIC IMPACT 
CONDITIONS

При проектуванні нових виробничих цехів чи реконструкції існуючих гостро постає питання врахування 
не тільки всіх статичних навантажень, але і можливих динамічних впливів, викликаних нестаціонарною 
роботою технологічного обладнання. В роботі на прикладі обстеження технічного стану виробничої 
будівлі, конструкції якої зазнають динамічного впливу від дії технологічного обладнання, розглянуто екс-
периментально-чисельний підхід до моделювання розрахункової ситуації, визначення причин виникнення 
деформацій та вибору способу підсилення. Об’єктом досліджень є процес динамічного деформування 
окремо розташованого фундаменту технологічного обладнання – деревообробного верстату, в умовах 
діючого виробництва. Дослідження направлено на пошук конструктивного вирішення проблеми передачі 
вібрацій від двигунів верстату через власний фундамент та ґрунтову основу на фундаменти та несучі 
елементи споруди виробничого цеху. Основна ідея експериментально-чисельного підходу – це порівняння 
результатів чисельних та натурних вимірів параметрів коливань. Чисельний аналіз виконаний на основі 
скінчено-елементного розрахунку за допомогою сучасних програмних комплексів, натурні виміри – це 
записані за допомогою сейсмографа віброграми, на основі яких побудовані спектри коливань споруди, за 
якими визначені домінуючі частоти коливань. Явища внутрішнього резонансу споруди, виявлені на основі 
порівнянь результатів, дозволили чітко сформулювати причини появи тріщин в конструктивних елементах.

Результати досліджень використані при проектуванні нової та відновленні існуючих баз технологічного 
устаткування під час капітального ремонту споруди цеху та технічного переоснащення виробництва.

Застосування експериментально-чисельного підходу для аналізу вихідних даних при проектуванні чи 
реконструкції споруд, за наявності нестаціонарних вібродинамічних навантажень, дозволяє побудувати 
математичну модель максимально наближену до реальної. Отримані результати досліджень можуть бути 
використані при розробці методик і технологій діагностування несучих і огороджувальних конструкцій 
споруд, що перебувають під впливом динамічного навантаження.

Ключові слова: обстеження споруди, вібраційна діагностика, власні частоти коливань, тріщиноутво-
рення, динамічне навантаження, скінченно-елементна модель.
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1.  Introduction

When designing new production workshops or recon-
structing existing ones, the urgent issue is to take into 
account not only all static loads, but also possible dynamic 
effects caused by unsteady operation of technological equip-
ment. Transfer of technological loads, including the dynamic 
component, can occur both through the ground elements of 
the frame (beam cells, floor slabs), and through the soil base. 
In the case of designing foundations for new technological 
equipment, in the conditions of the existing production, 
this task is much more complicated, since the number of 
unknowns in the source data increases significantly.

A number of works are devoted to studying the dy-
namic behavior of building structures under the influence 
of external factors. So, in  [1], the results of measurements 
of dynamic effects and numerical calculations of vibration 
isolation systems are presented. In  [2], a method is pro-
posed for assessing the influence of railway vibration on 
adjacent buildings and the propagation of such vibration 

through a soil mass. The work  [3] presents the results 
of a numerical study of the anti-vibration barrier; it is 
used to reduce the dynamic effect on the foundations of  
a historic building from traffic, the proposed model and 
methodology for taking into account the dynamic para
meters of the structure and vibration damper. Experimental 
studies based on measurements of accelerations are given 
in  [4]. On the basis of the constructed vibration spec-
trum, the natural vibration frequencies are determined. 
The technique described can be used in the study of more 
complex dynamic systems [5]. Measurements of the dynamic 
characteristics of systems for the purpose of diagnosing 
and monitoring existing defects in metal structures are 
presented in  [6]. The methodology for the application of 
experimental studies of vibration and their processing is 
presented. The improvement of the calculation model based 
on the obtained dynamic characteristics is proposed. The 
application of the method to nonlinear active vibration  
control systems is presented in  [7]. According to the au-
thors, this method allows to get a result without significant 
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knowledge about the dissipative properties of the system, of 
course, it gives advantages and reduces the time for research. 
On measuring instruments, it is possible to use different 
types of sensors. So, in [8], acceleration measurement sensors 
are used. The remote measurement given in  [9] is based 
on the use of laser and optical devices. And the use of an 
vibration sensor based on optical fiber is proposed in  [10].

Despite a significant number of publications and a wide 
range of tasks that are considered in them, the study of 
the behavior of building structures under the influence 
of dynamic load is an important area of both theoretical 
and experimental research.

The object of research presented in the current work is 
the process of dynamic deformation of a separately located 
foundation of technological equipment – a woodworking 
machine, in the conditions of existing production.

The aim of research is in finding a constructive solu-
tion to the problem of transferring vibrations from the 
machine’s engines through its own foundation and soil 
base to the foundations and supporting elements of the 
building of the production workshop.

2.  Methods of research

Experimental studies were carried out under the operating 
conditions of a construction facility – the building of a pro-
duction workshop, during an instrumental examination of its 
technical condition. The main task of the technical examination 
was determination of the cause of cracks (including through 
cracks) in the external and internal longitudinal walls. During 
the examination, significant vibration effects from techno-
logical equipment (winding machines of wooden shavings) 
on the supporting elements of the building were revealed.

The building was examined, one-story, in the plan of a 
rectangular shape with overall dimensions of 53.865  × 17.70 m. 
The height of the building to the lower zone of the coat-
ing beams is 4.535–5.10  m. According to the structural 
system, the building is wall-mounted with longitudinal 
load-bearing walls reinforced by pilasters on which precast 
reinforced concrete tees are supported beams over which 
ribbed slabs are arranged. Foundations – tape, solved from 
prefabricated foundation wall blocks. The base is repre-
sented by clay loess soils.

To carry out measurements and obtain real values of the 
vibrations of various points of the structure, the ZET 048C  
seismograph (Russia) was used, the technical data of which 
are given in Table 1.

Table 1
ZET 048C accelerometer technical specifications

Type of sensors differential

The number of measured coordinates 3 (X, Y, Z)

Measurement parameter vibration acceleration

Working range, Hz from 0.3 to 400

Sensitivity no more than 10–5 m/s2

The main relative error, % no more than ±10

Working temperature, °C from –30 to +50

The research consisted in the experimental measure-
ment of the motion parameters of the elements of the 
supporting structures in real time with their subsequent 
processing and determination of the dynamic characteristics 
of such elements and the structure as a whole.

As a dynamic criterion for assessing the state of load-
bearing structures, the values of natural vibration frequen-
cies were used.

To determine the dynamic parameters, six control points 
were selected, a list of which is given in Table  2.

Table 2

Location of static monitoring control points

Con-
trol 
point

Control 
point 

location

Description of the structural 
element

Number of 
measurement 

sensors

Para
meter 

P1С1 3-B
Foundations of technological 

equipment
3 (X, Y, Z )

Vibra-
tion 

accele
ration

P1С2 2-B Column Center1 3 (X, Y, Z )

P1С3 9-B Column Center 2 3 (X, Y, Z )

P1С4 2-V Column Center 3 3 (X, Y, Z )

P1С5 3-А Column workshop 1 3 (X, Y, Z )

P1С6 3-B Column workshop1 –

The recorded vibration programs of the building vibra-
tions at the control points were to be processed using 
the ZETLAB SEISMO software using spectral analysis 
using the discrete Fourier transform method.

The obtained spectra were analyzed in order to determine 
the numerical values of the vibration frequencies corresponding 
to the main peaks in the spectrograms and are a consequence 
of the recall of the design to external vibration sources.

The calculated finite element model of the structure 
(hereinafter referred to as FEM) is adopted in accordance 
with the well-known rules of building mechanics, taking 
into account the availability of foundations of technological 
equipment (Fig. 1). The approximation of the soil massif was 
performed using spatial 8-node finite elements of type No. 276.

a

b

Fig. 1. FEM of the construction of the production workshop:  
a – general view of the building; b – FEM fragment with  

equipment foundation
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Static and modal analysis of the structures was per-
formed in a nonlinear statement using the Scad Office 
and Lira CAD systems, based on the use of the finite 
element method.

3. � Research results  
and discussion

During field measurements of struc- 
tural vibrations, vibration records 
(Fig.  2) were obtained at control 
points. Vibrations recorded show that 
the intensity of vibrations on the struc-
ture increases with decreasing distance 
to the sources of technological impact.

The obtained spectra were ana-
lyzed in order to determine the nume
rical values of the vibration frequencies 
corresponding to the main peaks in the 
spectrograms and are a consequence 
of the recall of the design to external 
vibration sources.

As a result of the analysis of vibra-
tion records, the spectral distribution 
of vibration frequencies at each control 
point is obtained.

So, at the control point P1C1 
(foundations of technological equip-
ment) in the frequency range from 
0 to 15  Hz, a number of peaks can 
be distinguished (Fig.  3), which cor-
respond to vibration frequencies of 
3.90, 4.02, 7.81, 8.06 and 11.73 and 
12.08 Hz, respectively. Given the close 
proximity of the control point to the 
sources of vibration excitation, it can 
be argued that the dynamic effect on 
the frame of the supporting structures 
is characterized by precisely these va
lues of the vibration frequencies.

The spectrum of vibrations at the 
control point T1K2 (central reinforced 
concrete column of the supporting 
frame of the structure) has distinct 
frequency peaks, the values of which are 
3.90 and 4.02 Hz, respectively (Fig. 4). 
Obviously, it is these frequency values 
that are the cause of the vibrations 
and the cracking process of the wall; 
in addition, the superharmonics of these 
peaks of the vibration frequencies 7.81, 
8.06  Hz and 11.73 and 12.08  Hz, re-
spectively, are clearly distinguished.

According to the calculation re-
sults, it was found that the frequencies 
of the 3rd form of natural vibrations 
(3.67  Hz) actually coincide with the 
forced ones. It is these frequency values 
that led to the appearance of a wall 
structure of an industrial building close 
to the resonant regime of vibrations.

Based on the results of numeri-
cal and experimental studies, a new 
design of the technological founda-

tion was designed – a massive, complex section rein-
forced concrete slab with a plan size of 6850  × 7000  mm 
(Fig.  5). The foundation is designed to accommodate two 
woodworking machines, the parameters of the dynamic  
impact of which are calculated on the basis of field mea-
surements.

 
Fig. 2. Vibration records in the control point P1C1

 
Fig. 3. The frequency spectrum of the vibrations P1C1 in the frequency range from 0 to 20 Hz

 
Fig. 4. The frequency spectrum of the vibrations P1C2 in the frequency range from 0 to 20 Hz

Fig. 5. The foundation construction of technological equipment:  
а – graphic spatial model; b – finite element model using volumetric finite elements

   
                                 a                                                       b
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The dynamic structural analysis is performed using two 
methods – based on a schedule using its own forms of 
vibration and direct integration of the equation of motion. 
FEM foundation is built using volumetric 8-node finite 
elements (FE). The obtained values of the natural vibra-
tion frequencies of the first 10  forms (from 0.5 to 1.5  Hz) 
indicate the absence of a threat of occurrence of vibrations 
close to the resonance mode. Using the direct method 
of integration of the equation of motion, the calculated 
stress-strain state of the structure and the appropriate 
parameters of the reinforcement are selected taking into 
account the presence of dynamic effects.

4.  Conclusions

According to the results of measuring the dynamic 
parameters of the motion of the load-bearing elements of 
the construction of the production workshop under the 
influence of technological equipment, vibration frequencies 
of 3.90 and 4.02  Hz are determined. Comparison of the 
results of a numerical modal analysis of the structure with 
field measurements shows the presence of an operating 
mode close to resonance, which caused the appearance and 
propagation of cracks in the walls of the building (Fig. 1).

The results of a numerical experimental study of the 
existing foundation of technological equipment are used 
for FE-modeling of the construction of a new foundation 
for similar equipment.
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