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ABSTRACT 
Methods of building structures (BS) dynamic 

certification have been developed. The methods 
include: BS visual and vibrodynamic examination; 
recommendations for the repair and restoration; 
BS further operation. Determination of dynamic 
characteristics of building structures for their free 
fluctuations of low amplitude, which are disturbed 
by the influence of natural microseisms, includes: 
registration of BS fluctuations by means of highly 
sensitive (in our case, seismic) sensors; analysis of 
Fourier spectrum in order to allocate resonance 
peaks corresponding to various forms of free 
oscillations; obtaining of impulse realizations of 
the selected resonance peaks on each form of 
constructions optical oscillations by means of Fourier 

inversion. An example of the modern regulatory 
requirements application for the construction 
scientific and technical support and building 
structures monitoring for the pile foundation safe 
arrangement on a landslide hazardous building 
site in conditions of dense urban development in 
Kyiv during the installation of a Ø820 mm bored 
pile according to the pile field plan has been 
considered. Experimentally registered levels of 
vibration acceleration on the building foundation 
wall in the vertical and horizontal directions do 
not exceed 0.015 m/s², which is significantly lower 
than the minimum permissible values of vibration 
acceleration for the foundations of buildings with 
brick bearing walls 0,15 m/s². The research also 
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evaluated the presence of visible damage to the 
building in the available places and their possible 
development before and after piles placement. 
The condition of the plaster screed on a vertical 
crack in the house wall on the 8th floor, which was 
installed before the construction work start, after 
pile foundation installation has not changed – it 
remained undamaged.
KEYWORDS: monitoring, dynamic certification, 
acceleration, frequency, defects.

ЕКСПЕРИМЕНТАЛЬНИЙ МОНІТОРИНГ ТА 
ДИНАМІЧНА СЕРТИФІКАЦІЯ БУДІВЕЛЬ-
НИХ КОНСТРУКЦІЙ

АНОТАЦІЯ 
Розроблені методи динамічної сертифікації 

будівельних конструкцій (БК). Методи включа-
ють: візуальне та вібродинамічне дослідження 
БК; рекомендації щодо ремонту та відновлення; 
подальша експлуатація БК. Визначення 
динамічних характеристик будівельних 
конструкцій для їх вільних коливань малої 
амплітуди, що порушуються впливом природ-
них мікросейсмів, включає: реєстрацію коли-
вань БК за допомогою високочутливих (у нашо-
му випадку сейсмічних) датчиків; аналіз спек-
тру Фур'є з метою виділення резонансних 
піків, що відповідають різним формам вільних 
коливань; отримання імпульсних реалізацій 
вибраних резонансних піків на кожній формі 
оптичних коливань конструкцій за допомо-
гою інверсії Фур'є. Розглянуто приклад засто-
сування сучасних нормативних вимог, щодо 
науково-технічного супроводу будівництва та 
моніторингу БК, для безпечного улаштуван-
ня пальового фундаменту на зсувонебезпечній 
будівельній ділянці, в умовах ущільненої 
міської забудови в м. Києві, під час влаш-
тування буронабивної палі Ø820 мм, згідно 
з планом пальового поля. Експериментально 
зареєстровані рівні віброприскорень на 
фундаментній стіні будівлі в вертикальному 
та горизонтальному напрямках не перевищу-
ють 0,015 м/с², що значно менше мінімально 
допустимих значень віброприскорень для 
фундаментів будівель з цегляними несу-
чими стінами 0,15 м/с². При дослідженнях 
оцінювалась також наявність видимих ушкод-
жень в будівлі в доступних для цього місцях 
та їх можливий розвиток до і після влаштуван-
ня палі. Стан гіпсового маяка на вертикальній 
тріщині в стіні будинку на 8-му поверсі, який 
був встановлений до початку будівельних робіт, 
після влаштування пальового фундаменту не 
змінився – він залишився неушкодженим.
КЛЮЧОВІ СЛОВА: моніторинг, динамічна 
сертифікація, прискорення, частота, дефекти 

INTRODUCTION
The seismic risk is an unavoidable companion of 

our civilization and demands an adequate response. 
Thus, the buildings structures dynamic certification 
is a high priority step towards provision of the 
necessary and cost-effective level of constructions 
seismic resistance under conditions of obsolescence 
and physical deterioration, assessment of buildings 
and structures seismic vulnerability or their defects 
possible degree during the earthquakes of different 
intensity. The issue of BS dynamic certification 
and cost effectiveness of earthquake resistant 
construction have been considered in works by 
national and foreign researchers [1-21] and others. 
The general condition of the construction sites 
in Ukraine does not ensure safe living conditions 
for citizens and society due to the increased risk 
of emergencies. The increase in the buildings and 
constructions height, break with symmetric forms, 
and constant increase in the technogenic load on 
sites during the construction in conditions of dense 
urban development enhance the likelihood of 
disasters conditions. 

First of all, it regards Kyiv where there are 
numerous examples of such violations:

1.    In the center of Kyiv there have been another 
construction scandal regarding construction 
of "Elegant" residential development in 
dense urban development conditions on 118, 
Zhylianska Street [22]. At the beginning of 
construction process the neighboring five-
storey house cracked during the pile driving, 
the tenants had to be resettled. As a result, 
an old five-story mansion and a one-story 
building next to it on 120-V Zhylianska 
Street was broken down and a huge trench 
was dug on this site. Residents of nearby 
houses are afraid that the walls of their 
houses will collapse – the cracks have already 
appeared on the upper floors [23].

2.    Residents of houses number 3, 5, 5a and 7 on 
Lesia Ukrainka Blvd. and three more houses 
along Mechnikova Street were united by one 
problem - the construction in their yard. 
Houses are built on a landslide slope. Delicate 
balance can be disrupted by any intervention 
of construction equipment. Houses on Lesia 
Ukrainka Bvld. will simply slide down to 
Mechnikova Street [24].

3.    On 7 Marianenka Lane a crack opening in the 
house walls coincides with the beginning of 
excavation for a residential complex on 9 and 
11 Mechnikova Street. The state of the house 
was affected immediately by two construction 
sites – 9a and 11 Mechnikova Street and 12a 
Klovskyi Descent as well.

The above examples are just the tip of the 
iceberg of constantly increasing number of ground 
displacements and catastrophes across Ukraine 
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both in terms of their number and in terms of 
economic losses scale. There is an acute need for 
monitoring and scientific and technical support 
for new constructions taking into account the 
implementation of the new regulatory documents 
requirements for soil accidents prevention in 
future [25].

Over the past 10 years the State Enterprise "The 
State Research Institute of Building Constructions" 
gave much attention to both the regulatory and 
methodological support and to construction 
monitoring systems implementation. During 
this time, a number of regulatory documents 
considering monitoring of building structures  have 
been developed:

1.    DBN В.1.2-5: 2007 "Scientific and technical 
support of construction sites" [26].

2.    DBN В.1.2-12-2008 "Construction in condi-
tions of dense urban development. Safety 
requirements" [27].

3.    DBN В.1.2-14-2009 "General principles for 
ensuring safety and  reliability  of buildings, 
facilities,  structures" [28].

All of the above documents were a basis for new 
final regulatory  document  DSTU-B B.1.2-17: 2016 
"Guidance on scientific and technical monitoring of 
buildings and structures" [29], which was developed 
under scientific supervision of prof. Yu.I. Kaliukh 
along with  a series of regulations for technical 
diagnostic systems for buildings and structures 
[30]. Construction regulations [9] include all major 
methodological instructions and developments  
made on the scientific and methodological basis as 
well as design and experimental development of  
monitoring systems of structures  [26-28, 30-31] 
that were put into effect on 01.04.2017. Guidance 
[9] was developed in harmonic accordance with 
international construction  standards fib [12]. In 
[29] as well as  in the  fib Report  [32], the 
classification of monitoring systems of structures  is 
the same (see Figure 1 [12]).

Theoretical and methodological issues of the 
design and organization of monitoring research 
are analyzed in the works of modern foreign 
scientists Sassa K., Casagli N., Catani F., Lu P., 
Mikoš M., Željko A. and others [33-38]. Among 
the Ukrainian scientists, one should note the 
researches by prof. O. Trofimchuk,  Associate 
Member of NAS of Ukraine,   and prof. I. Kaliukh 
concerning  theoretical and methodological 
background of monitoring systems concept, their 
design and experimental development in practice 
in construction and geotechnics, as well as studies 
of their students aimed at the same issues: Kaliukh 
T. [39], Polevets'kyi V. [40], Klymenkov O. [41], 
Khavkin K. [42], et al.

According to these researches, the current 
certification methods can be nominally divided 
into three groups: method of expert assessment, 

calculation  and analytical method, and method 
of technical diagnostics. Due to advantages and 
disadvantages peculiar to each of three methods, 
the relevant problems of certification can be 
reduced to two main issues. The first issue is a 
valid identification of criterion during assessment 
of seismic resistance of structures investigated. The 
second issue is an  identification of required level of 
influence where dynamic structure of the building 
is investigated i.e. micro dynamic level under elastic 
stage of constructions operation or  level of load 
relevant to the construction operation beyond the 
elasticity. Unfortunately, today there is no unique 
legal method for dynamic certification of structures 
in Ukraine. Hence, there is a need to improve test 
methods  aimed at   assessment of  real seismic 
resistance including physical deterioration of the 
structures  and it is an actual problem for Ukraine.

METHODS
We offer applicable method of certification and 

assessment of technical state of buildings and 
facilities. The method includes

-    visual and vibrodynamic examination of 
buildings and facilities; 

-    development of calculation model and 
calculations with regard to  actual seismicity 
of the area;

-    comparative analysis of experimental and 
estimated data;

-    recommendations for the repair and 
restoration and further operation of buildings 
and facilities.

 Determination  of dynamic characteristics of 
buildings and facilities in order to find  free 
fluctuations of low amplitude, which are caused by 
the influence of natural microseisms includes the 
following steps:

•   registration of fluctuations of the buildings 
and facilities with  help of highly sensitive (in 
our case, seismic) sensors;

•   calculation and analysis of Fourier spectrum 
in order to allocate resonance peaks 
corresponding to different forms of free 
oscillations; recording of impulse realizations 
of the selected resonance peaks on each form 
of optical oscillations of structures by means of 
Fourier inversion; 

•   Identification and graphic representation of 
different forms of  oscillations. 

BASIC MATERIAL 
We would like to consider  how  up-to–date  

regulatory requirements  are used for scientific and 
technical support and monitoring  of structures 
[6-11] for safe arrangement of the pile foundation 
on a landslide prone construction site in conditions 
of dense urban development at the address 14, 
Pimonenka street, Kyiv in case of  installation of 
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a bored pile № 87 with a diameter of 820 mm in 
accordance with the plan of  pile field. The working 
area with a well for the bored pile is at a distance 
of 18-20 m from the nine-storeyed residential brick 
building. The area of the construction site is below 
the level of the area  of the adjacent building and 
there is a  retaining wall made of concrete blocks 
being 5 m high on the boundary. The mutual 

location of the building, the retaining wall and the 
construction site is presented in Fig. 1

According to the present DBNs [26-31] the 
inspection of technical condition of the  structures 
of the nine-storeyed building was performed in 
advance  prior to drilling works, see (Fig. 1). 

Figure 1 - Investigated building and retaining 
wall - View

Figure 2 - Chalky screed  after the  installation 
of the pile

Figure 3 - Rotary drilling rig BG 40

Figure 4 - Construction site located near the 
building at  14, Pimonenko street  (view from the 

flat on the 9th floor)
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During the study of the technical condition of  the 
structures, visible damage in the places available 
for this site and their possible development was 
assessed before the beginning of the works and 
during and after the installation of  piles. The 
monitoring of the impact on building caused by 
drilling was monitored not only instrumentally, 
but also visually, by periodic observations during 
the arrangement of the bored pile № 87 with 
a diameter of 820 mm  and with regard to the 
integrity of the chalky screed in a vertical crack in 
the bearing brick wall of the house at the 8th floor. 
The screed was installed in advance before the 
beginning of  drilling  (see Fig. 2).

Well drilling was performed by the BAUER 40 
BG rotary drilling rig (Fig. 3). In the photo (Fig. 
4) there is a view of the building investigated and  
the retaining wall alongside of the construction site. 
During the research period, one BAUER 40 BG 
rotary drilling rig (Fig. 3) worked on the site.

The vibration sensors were located on the 
foundation of the building (there were 3 vibration 
sensors) and  oriented towards X, Z and Y directions 
(Fig. 5); two vibration sensors were located on the 
floor of the 9th floor of the building and were 
oriented towards X, Z or Y, Z directions (Fig. 6). The 
change in the orientation of the vibration sensors 
for the measurement of vibration acceleration was 
conducted in concert with the moment of their 
registration. 

RESULTS
With the help of “Seismic monitoring” software 

[43] the initial experimental results were processed 

and  represented in the table.
The values of vibration acceleration  - typical and 

peak -  of the foundation  (sensors № 1, № 2 and № 
3) and the  last 9th floor of the building (sensors № 
4 and №5) are given below. 

CONCLUSIONS
The paper covers up-to–date  regulatory 

requirements  which  are used for scientific and 
technical support and monitoring  of structures 
[26-31] for safe arrangement of the pile foundation 
on a landslide prone construction site in conditions 
of dense urban development at the address 14, 
Pimonenka street, Kyiv in case of  installation of 
a bored pile № 87 with a diameter of 820 mm in 
accordance with the plan of  pile field. 

Continuous monitoring of the piling process 
was conducted from 10.44 (time when the works 
started) to 17.56 (time when  the works finished). 
The materials obtained from the  experiments have 
shown:

1.    The registered levels of  vibration acceleration  
on the foundation wall of the building do 
not exceed 0.015 m / s² in the vertical and 
horizontal directions and this is considerably 
less than the minimum permissible values of 
vibration acceleration of the foundations of 
buildings with brick bearing walls which is  
0,15 m / s² according to Table. 2 [44].

2.    The registered levels of vibration acceleration 
at the 9th floor slab of the building do 
not exceed 0.004 m / s² in the vertical and 
horizontal directions and this  is significantly 
lower than the permissible values of vibration 

Figure 5 - Vibration sensors № 1, № 2 and № 
3 for the registration of  foundation oscillations  

oriented  towards  X, Z and Y directions

Figure 6 - Vibration sensors № 4 and № 5 for 
the registration of oscillations of the 9th floor of the 
building  oriented towards X, Z or Y, Z directions
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№ 

Time 
of 

moni-
toring 

Grade, soil 
Max values of  vibration 

accelerations 
Drilling 
practice 

1 2 3 4 5 
1 10.44 0 m; Clay № 1 - 0.0005,  0,002-0.004 (X) Record at 

silence 
regime   

 № 2 - 0.0005,  0,002-0.004 (Z) 
 № 3 - 0.0002,  0,002-0.004 (Y) 
 № 4 - 0.0001,  0,002-0.003 (X) 
 № 5 - 0.0005,  0,002-0.004 (Z) 

2 10.59 0 m; Clay № 1 - 0,002 -0,004              (X) Start of 
drilling  
Drilling of a 
well  

 № 2 - 0,001 -0,005              (Z) 
 № 3 - 0,001 -0,002              (Y) 
 № 4 - 0,001 -0,005              (X) 
 № 5 - 0,001 -0,002              (Z) 
 № 2 - 0,001 -0,003              (Y) 
 № 3 - 0,001 -0,002               (Z) 
 № 4 - 0,001 -0,002              (X) 
 № 5 - 0,0005-0,001              (Z) 

3 11:18 4-5 m; 
Clay № 1 - 0,001 -0,003              (X) Drilling of a 

well 
 № 2 - 0,001 -0,003               (Z) 
 № 3 - 0,001 -0,002              (Y) 
 № 4 - 0,001 -0,002              (X) 
 № 5 - 0,0005                        (Z) 

4 11:20 6-7 m; 
Clay № 1 - 0,001 -0,003              (X) 

Drilling of a 
well 

 № 2 - 0,001 -0,006               (Z) 
 № 3 - 0,001 -0,002              (Y) 
 № 4 -0,002 -0,0025             (X) 
 № 5 -0,0005-0.001               (Z) 

5 11:22 8 m; Clay № 1 - 0,001 -0,002              (X) Microseismic 
background. 
Lengthening 
of tube 
timbering  

 № 2 - 0,001 -0,003              (Z) 
 № 3 - 0,001 -0,002              (Y) 
 № 4 - 0,001 -0,002              (X) 
 № 5 - 0,0005-0,001             (Z) 

6 11:28 8 m; Clay № 1 - 0,002 -0,001              (X) Motion of a 
drilling rig 
with tube 
timbering 

 № 2 - 0,001 -0.0035             (Z) 
 № 3 - 0,001 -0,002               (Y) 
 № 4 -0,0015-0,001               (X) 
 № 5 - 0,0005                        (Z) 

Table 1 - The values of vibration acceleration of the foundation  - typical and peak



ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «НАУКА ТА БУДIВНИЦТВО»  4(22)’2019 39

1 2 3 4 5 
7 11:40 9-10  m, Clay № 1 - 0,0015-0,004                 (X) Tube timbering 

spudding and 
next drilling 

 № 2 - 0,001 -0,005                  (Z) 
 № 3 - 0,002 -0,003                  (Y) 
 № 4 - 0,001 -0,005                  (X) 
 № 5 - 0,002-0,0005                 (Z) 

8 11:56 14-16 m, Clayed sand № 1 - 0,001 -0,002;   0,006     (X) Drilling of a well 
 № 2 - 0,001 -0,002;  0,006      (Z) 
 № 3 - 0,001 -0,002                  (Y) 
 № 4 - 0,001-0,0015                 (X) 
 № 5 - 0,0003                           (Z) 

9 12:05 16 m, Clayed sand № 1 - 0,001 – 0,0015              (X) Microseismic 
background. 
Lengthening of  
 tube timbering 

 № 2 - 0,0005;  0,002               (Z) 
 № 3 - 0,0005                           (Y) 
 № 4 - 0,0005;  0,003               (X) 
 № 5 - 0,0005                           (Y) 

10 12.50 17-18 m, Clayed sand № 1 - 0,006 -0,008                  (X) Drilling of a well 
 № 2 - 0,004;  0,001 -0,003      (Z) 
 № 3 - 0,001 -0,003;   0,015     (Y) 
 № 4 - 0,0035                           (X) 
 № 5 - 0,0005;  0,0015             (Z) 

11 12:54 18-19  m,Clayed sand № 1 - 0,006                             (X) Drilling of a well 
 № 2 - 0,001 -0,003; 0,004       (Z) 
 № 3 - 0,0025 – 0,0015; 0,005 (Y) 
 №  4 - 0,002 -0,004                (X) 
 № 5 - 0,0005;   0.003             (Z) 

12 12:56 19-20 m, Clayed sand № 1 - 0,006                            (X) Drilling of a well 
 № 2 - 0,002 -0,005                 (Z) 
 № 3 – 0,0025 -0,003; 0.006   (Y) 
 № 4 - 0,0025                          (X) 
 № 5 - 0,0025                          (Z) 

13 13:22 22 m, Watered clayed 
sand 

№ 1 - 0,001 -0,003                (X) Drilling of a well 

 № 2 - 0,001 -0,006                (Z) 
 № 3 - 0,001 -0,002                (Y) 
 № 4 - 0,001 -0,0025              (X) 
 № 5 - 0,0005 -0,003              (Z) 

14 13:36 24-25 m, Watered 
clayed sand, Red clay № 1 - 0,001 -0,0015              (X) Drilling of a well 

 №2 - 0,0005;   0,002             (Z) 
 № 3 - 0.0008                         (Y) 
 № 4 - 0,0005 –0,002             (X) 
 № 5 - 0,004; 0,0005              (Z) 

Table 1 continued
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1 2 3 4 5 
15 14:04 28-30 m, Hard marl № 1 - 0,001 – 0,002           (X) Drilling of a well 

 № 2 - 0,001 – 0,002           (Z) 
 № 3 - 0,001 – 0,002           (Y) 
 № 4 - 0,0025 -0,001          (X) 
 № 5 - 0,0003                      (Z) 

16 14:32 32-33 m, Waterlogged 
marl, Hard clay № 1 - 0,001 – 0,004           (X) Drilling of a well 

 № 2 - 0,0005 – 0,003         (Z) 
 № 3 - 0,001 -0,002            (Y) 
 № 4 - 0,0025 -0,001          (X) 
 № 5 - 0,0005                      (Z) 

17 14:43 35-36 m, Compacted marl 0,0008 – 0,0015                (X) Drilling of a well 
 0,001 – 0,002                     (Z) 
 0,001                                 (Y) 
 0,001;  0,002                     (X) 
 0,0005                                (Z) 

18 15:13 37-38 m, Marl 0,001 – 0,002;  0,004        (X) Drilling of a well 
 0,001– 0,0015;   0,005      (Z) 
 0,001 – 0,0015;   0,003     (Y) 
 0,001;  0,002                     (X) 
 0,0035                               (Z) 

19 15:26 38-39,5 m, Marl 0,001 – 0,002                    (X) Drilling of a well 
 0,001– 0,002                      (Z) 
 0,001 – 0,0015                  (Y) 
 0,001;  0,002                    (X) 
 0,0025;   0,0005                (Z) 

20 17.25 39.5 -35 m № 1 -  0,001 – 0,002         (X) 
Drilling of a well 
with concrete at 
the point of 39.5 - 
35 m 

 № 2 - 0,001– 0,004; 0,006 (Z) 
 № 3 - 0,001 – 0,0015        (Y) 
 № 4 - 0,0015;  0,003         (X) 
 № 5 - 0,0005                     (Z) 

21 17.35 39,5 m №  1 -0,0005 – 0,001        (X) Lifting of tube 
timbering from 
the well at 39,5 m 
depth 

 №  2 - ,0005                      (Z) 
 №  3 - 0,0005 – 0,0008     (Y) 
 №  4 - 0,0015;  0,0005      (X) 
 № 5 - 0,0005                     (Z) 

22 17.41 31 -23 m № 1 - 0,0015 – 0,001        (X) 
Filling of a well  
with concrete at 
the point of 31 - 
23 m 

 № 2 - 0,0012 – 0,0003      (Z) 
 № 3 - 0,0015 – 0,0003      (Y) 
 № 4 0,0025-  0,0008         (X) 
 № 5 - 0,0003                     (Z) 

23 17.56 31,5  m № 1 - 0,001 – 0,0018        (X) Lifting of tube 
timbering from 
the well at 31,5 m 
depth 

 № 2  - 0,001 – 0,0003       (Z) 
 № 3 - 0,001 – 0,0002;0,006(Y) 
 № 4 - 0,001 - 0,002          (X) 
 № 5 - 0,0003                     (Z) 

Table 1 continued
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acceleration of high-rise buildings  which is  
0.08 m / s² in according with para.7.2 [45].

3.    In the research, the presence of visible 
damages to the building in the available 
places and possible development before and 
after pile installation was also assessed. Their 
development was evaluated according  to a 
plaster screed on a vertical crack in the wall 
of the building. The state of the chalky screed 
on the vertical crack  at the8th floor was 
identified before the beginning of vibration 
dynamic tests on 02/15/2017.  At the moment 
of the research on 02/21/2017 and after 
the installation of a concrete pile and next  
arrangement of   pile foundation the state 
of the chalky screed  has not changed. It 
remained undamaged. This is shown in the 
photo (Fig. 2).

4.    Based on the above mentioned, it is necessary 
to carry out arrangement of  pile foundation  
in accordance with the relevant technological 
procedures during the operation of the 
BAUER 40 BG rotary drilling rig (see Fig. 
3-4).

5.    For the control of quality of pile concreting, 
updated theoretical and numerical 
developments and technical means of the SE 
“SRIBC” [46] can be used.
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