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EXPERIMENTAL MONITORING AND DYNAMIC
CERTIFICATION OF BUILDING STRUCTURES

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
constructionsoptical oscillationsby means of Fourier
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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 ¥820 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/s?, which is significantly lower
than the minimum permissible values of vibration
acceleration for the foundations of buildings with
brick bearing walls 0,15 m/s?2. The research also




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.

EKCIIEPUMEHTAABHUM MOHITOPUHI TA
AUHAMIYHA CEPTH®IKAIIIA BYJAIBEAD-
HUX KOHCTPYKIIIH

AHOTAIIIA

Pozpobaeni meroam guHamivHOi cepTudikanii
6yaiBeAbHUX KOHCTPYKNii (bK). MeTogn BKAIOUa-
I0Th: Bi3yaAabHEe Ta Bi6pogHHaAMIYHE AOCAIAKEHHS
BK; peromenganii mogo peMOHTY Ta BiJHOBACHHA;
nojganpma excrnayaraniga bBK. Busnavenns
AMHAMIYHHAX XapaKTePHUCTHUK 6yAiBEABHHX
KOHCTPYKIIH AAA iX BIABHUX KOAHBAaHb MaAoOi
AMIIAITYZAH, IO HOPYMYIOTHCA BIIAHMBOM IIPHPOJ-
HHUX MIKpOCeiicMiB, BKAIOYAE: PEECTPALII0 KOAH-
BaHb bK 3a 7011OMOT0I0 BUCOKOYYTAUBHUX (y HAIIIO-
My BHIIaJAKy CEHCMIYHHX) JaTYHKIB; aHAAI3 CIEK-
Tpy Pyp'e 3 MeTOIO BHUJAINEHHSA PE3OHAHCHHX
MiKiB, IO BIAIIOBiZaIOTh Pi3HHM PopMaM BIABHHUX
KOAHBAHb, OTPUMAHHA IMIYABCHHX peaAisanii
BUOpaHUX PE30HAHCHHUX IIKiB Ha KOXKHIH ¢opmi
ONTUYHUX KOAHMBAHb KOHCTPYKIIH 3a gOoIOMO-
rowo imsepcii Pyp'e. Posraanyro mpuraag 3acro-
CyBaHHA CY4aCHUX HOPMAaTHBHHX BHMOT, IIOJO
HAayKOBO-TEXHIYHOTO CynpoBoay OyZiBHHITBA Ta
mouitopunry BK, gasa 6esmedHoro yaamrysaH-
HA IaAbOBOTO PYHAAMEHTY Ha 3CyBOHebOe3IedHil
6yAiBeAbHINH JIAAHIN, B yMOBaX VIJIABHEHOI
Micbkoi 3abygoBu B M. Kumesi, mig dac Baam-
TyBaHHA OypoHabuBHOI maAail A820 mM, 3rigHO
3 IIAQHOM IaAbOBOTO IIOAS. EKcmepuMeHTaAbHO
3apeecTpoBaHi piBHI BiO6ponpHCKOpeHb Ha
¢yHgaMeHTHINH cTiHI 6y4iBAI B BEPTUKAABHOMY
Ta TOPH30HTAABHOMY HaINpAMKaxX HeE IE€pPEBHUINY-
oth 0,015 M/c2, mo 3HAaYHO MeHIINe MIHIMAaAbHO
AONYCTUMHUX 3HAY€Hb BIOPONPHCKOPEHD JAAA
¢ynaamenTis OygiBeAb 3 LETAAHHMH HECy-
yumu crinama 0,15 wm/c?. Ilpum gocAigKeHHAX
OI[IHIOBAAACh TAKOK HAaABHICTD BHAMMHUX YIIKO/-
KeHb B OYy4iBAI B JOCTYIHHX AASA IbOTO MICIIAX
Ta X MOKAUBHH PO3BHTOK A0 1 IICASA BAAIITYBAH-
HA nani. CTaH TilcOBOro MasgKa Ha BEPTHKAABHIN
TpimuHI B CTiHI 6YAHMHKY Ha 8-My IHoBepci, AKHH
6yB BCTAaHOBAEHHH 40 1moYaTKy OyAiBeAbHHX poO6IT,
MiCAA BAAQIITYBAaHHSA IaABOBOTO (yHAAMEHTY HE
3MIHUBCA — BiH 3aAHIIUBCA HEYIIKOJAKEHHM.
KAIOUOBI CAOBA: MOHITOPHHI, JHHaMiYHA
cepTudikalisa, IPUCKOPEHHA, YaCTOTA, AePEKTH

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
tor 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. Inthe 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, ba 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 B.1.2-5: 2007 "Scientific and technical

support of construction sites" [26].

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

3. DBN B.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 1is
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.,
Miko§ M., Zeljko 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,
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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




a bored pile Ne 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

Figure 1 - Investigated building and retaining
wall - View

Figure 2 - Chalky screed after the installation
of the pile

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 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 Ne 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 Ne 1, Ne 2 and Ne
3) and the last 9th floor of the building (sensors Ne
4 and Neb) 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 Ne 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 / s? 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 / s? 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 / s? in the vertical and
horizontal directions and this is significantly
lower than the permissible values of vibration

Figure 5 - Vibration sensors Ne 1, Ne 2 and Ne
3 for the registration of foundation oscillations
oriented towards X, Z and Y directions
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Figure 6 - Vibration sensors Ne 4 and Ne 5 for

the registration of oscillations of the 9th floor of the
building oriented towards X, Z or Y, Z directions




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

Time
No of _ | Grade, soil Max values of .vibration Drilli.ng
moni- accelerations practice
toring
1 2 3 4 5
1 | 1044 | Om; Clay | Ne1-0.0005, 0,002-0.004 (X) | Record at
Ne 2 -0.0005, 0,002-0.004 (Z) | silence
Ne 3 -0.0002, 0,002-0.004 (Y) | regime
No 4 -0.0001, 0,002-0.003 (X)
No 5 -0.0005, 0,002-0.004 (Z)
2 11059 | Om; Clay | Ne1-0,002-0,004 (X) | Start of
No 2 -0,001 -0,005 (Z) | drilling
No 3 -0,001 -0,002 (Y) | Drilling of a
Ne 4 -0,001 -0,005 (X) | well
No 5-0,001 -0,002 (Z)
Ne 2 -0,001 -0,003 (Y)
No 3 -0,001 -0,002 (7)
No 4 -0,001 -0,002 (X)
No 5 -0,0005-0,001 (7)
3 | 11:18 | 4-5m; Ne 1 - 0,001 -0,003 X) Drilling of a
Clay well
No 2 -0,001 -0,003 (Z)
No 3 -0,001 -0,002 (Y)
No 4 -0,001 -0,002 (X)
No 5 - 10,0005 (Z)
4 | 11:20 | 6-7 m; Ne 1 - 0,001 -0,003 X) Drilling of a
Clay well
No 2 - 0,001 -0,006 (7)
No 3 -0,001 -0,002 (Y)
No 4 -0,002 -0,0025 (X)
No 5 -0,0005-0.001 (7)
5 11:22 | 8 m; Clay Ne 1-0,001-0,002 (X) Microseismic
Ne 2 -0,001 -0,003 (Z) | background.
No 3 -0,001 -0,002 (Y) Lengthening
No 4 -0,001 -0,002 (X) | of tube
No 5 -0,0005-0,001 (Z) | timbering
6 | 11:28 | 8 m; Clay | Ne 1-0,002-0,001 (X) | Motion of a
No 2 -0,001 -0.0035 (Z) | drilling rig
No 3 -0,001 -0,002 (Y) | with tube
No 4 -0,0015-0,001 (X) | timbering
No 5 -0,0005 (Z)
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Table 1 continued

1 |2 3 4 5
7 11:40 | 9-10 m, Clay Ne 1-0,0015-0,004 (X) | Tube timbering
Ne 2-0,001 -0,005 (Z) | spudding and
Ne 3 - 0,002 -0,003 (Y) | next drilling
Ne 4 - 0,001 -0,005 (X)
Ne 5 - 0,002-0,0005 (Z)
8 11:56 | 14-16 m, Clayed sand | Ne 1 - 0,001 -0,002; 0,006 (X) | Drilling of a well
Ne 2 - 0,001 -0,002; 0,006  (Z)
Ne 3 -0,001 -0,002 (Y)
Ne 4 - 0,001-0,0015 (X)
Ne 5 -0,0003 (7)
9 12:05 | 16 m, Clayed sand No 1-0,001-0,0015 (X) | Microseismic
No 2 -0,0005; 0,002 (Z) | background.
Ne 3 - 0,0005 (Y) | Lengthening of
Ne 4 - 0,0005; 0,003 (X) | tube timbering
Ne 5 - 10,0005 (Y)
10 | 12.50 | 17-18 m, Clayed sand | Ne 1 - 0,006 -0,008 (X) | Drilling of a well
Ne 2 -0,004; 0,001 -0,003 (Z)
Ne 3 -0,001 -0,003; 0,015 (Y)
Ne 4 - 0,0035 (X)
Ne 5 - 0,0005; 0,0015 (7)
11 | 12:54 | 18-19 m,Clayed sand | Ne 1 - 0,006 (X) | Drilling of a well
Ne 2 - 0,001 -0,003; 0,004 (7)
Ne 3 -0,0025 - 0,0015; 0,005 (Y)
Ne 4 -0,002 -0,004 (X)
Ne 5 - 0,0005; 0.003 (7)
12 | 12:56 | 19-20 m, Clayed sand | Ne 1 - 0,006 (X) | Drilling of a well
Ne 2°- 0,002 -0,005 (7)
Ne 3 - 10,0025 -0,003; 0.006 (Y)
No 4 -0,0025 (X)
Ne 5 - 0,0025 (Z)
13 | 13:22 | 22 m, Watered clayed Ne 1-0.001 0,003 X) Drilling of a well
sand
No 2 -0,001 -0,006 (7)
Ne 3 - 0,001 -0,002 (Y)
Ne 4 - 0,001 -0,0025 (X)
No 5 - 0,0005 -0,003 (Z)
14 | 13:36 | 24-25 m, Watered Drilling of a well
clayed sand, Red clay Ne 1-0,001-0,0015 X)
No2 - 0,0005; 0,002 (7)
Ne 3 - 0.0008 (Y)
Ne 4 - 0,0005 -0,002 (X)
Ne 5 - 0,004; 0,0005 (Z)

ISSN 2313-6669 «SCIENCE & CONSTRUCTION» «HAYKA TA BY AIBHULITBO» 4(22)"2019




Table 1 continued

1 2 3 4 5

15 | 14:04 | 28-30 m, Hard marl Ne 1-0,001-0,002 (X) | Drilling of a well
Ne 2 -0,001 -0,002 (7)
Ne 3-0,001 - 0,002 (Y)

Ne 4 - 0,0025 -0,001 (X)

No 5 -0,0003 (Z)
16 | 14:32 | 32-33 m, Waterlogged Ne 1 -0.001 - 0,004 X) Drilling of a well
marl, Hard clay
No 2 - 0,0005 - 0,003 (Z)
No 3 -0,001 -0,002 (Y)
No 4 - 0,0025 -0,001 (X)
No 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 (2)
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 No 1- 0,001 -0,002 (X) .
Drilling of a well

No 2 - 0,001- 0,004; 0,006 (Z)
Ne 3-0,001 —0,0015 ()
Ne4-0,0015; 0,003  (X)

with concrete at
the point of 39.5 -

35 m
Ne 5 - 0,0005 (Z)
21 | 17.35 39,5 m No 1-0,0005-0,001 (X) | Lifting of tube
Ne 2 -,0005 (Z) | timbering from

Ne 8-0,0005—0,0008 (Y) |the wellat 39,5 m
Ne 4-0,0015; 0,0005 (X) | depth

Ne 5 - 0,0005 (Z)
99 | 17.41 |31 -23 m Ne1-0,0015-0,001  (X)
Ne 2-0,0012-0,0003  (Z)
Ne 3-0,0015—0,0003  (Y)

Filling of a well

with concrete at

th int of 31 -
Ne 40,0025- 0,0008  (X) 2; IE omto
Ne 5 - 0,0003 Z)
93 | 17.56 | 31,5 m Ne1-0,001 - 0,0018  (X) | Lifting of tube

Ne 2 -0,001 -0,0003 () | timbering from
Ne 3 - 0,001 —0,0002;0,006(Y) | the well at 31,5 m
Noe 4 -0,001 - 0,002 (X) |depth

Ne 5 - 0,0003 (Z)
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acceleration of high-rise buildings which is
0.08 m / s? in according with para.7.2 [45].
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).

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).

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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