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Summary. The results of the equipping of the
International exhibition center (IEC) building with
comprehensive technical condition monitoring
system are given. The characteristic featureseof th
existing systems are formulated.

The first three basic frequency magnitudes and
the natural modes of vibrations corresponding to
them are the most informative.

The basic magnitudes of natural frequencies
and the building vibration directions are deter-
mined by means of the calculation method using
established adequate finite-element model and ex-
perimental verification. The directors of improve-
ment suggested monitoring system were noted.

Key words: static monitoring, dynamic moni-
toring, frequencies and modes of vibrations, finite
element model.

INTRODUCTION

The building of International Exhibition
Center was designed by the project of V.M.
Shimanovsky Ukrainian Institute of Steel
Construction, and the second phase of its con-
struction was completed in 2006. The main
purpose of the building is to show industrial
and scientific achievements of domestic and
foreign enterprises, to arrange summits, con-

The total area of the building (57,477)m
and the service equipment allow staying there
over 15 thous visitors simultaneously. In this
respect, the building construction is the larg-
est object of the corresponding function in
Ukraine.

The works on further improvement and de-
velopment of the center's infrastructure are
performed. The documentation of the third
construction stage of its facilities is elaborated.
The service equipment is improved in accor-
dance with modern European standards.

BUILDING STRUCTURE

IEC is a large-scale engineering structure
of the 5th difficulty categoryCC3 (SS3) im-
portance class. In regard to architectural and
constructive issues, the building is a combina-
tion of three blocksA, b, B (A, B, C)), the
coating of blocksb (B) andB (C) are inte-
grated by «Khvylia».

The metal frame of the building is made of
shaped iron. Reinforced concrete solid-cast
foundations. The roof is a classic pie: profiled
sheeting, vapor barrier, insulator PAROC-
AKL, EPDM and PVC roofing membrane.

ferences, meetings, mass cultural events and wa|ls of three-layer panels of "sandwich"

maore.

NiABOAHI TEXHONOT i » 05/2017, 61-66
MpomucnoBa Ta uuBiINbHa iHXeHepia

type with ROCKWOOL mineral wool insula-
tion.
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PURPOSE OF WORK

According to the safety requirements the
buildings and structures 6fC3 (SS3) impor-
tance class to which the IEC building be longs
are subject to mandatory system monitoring
[1, 2] and must be equipped with the auto-
mated systems of monitoring and manage-
ment [3, 4].

WORKING DATA

In 2012, when the implementation of the
decree of public services [5], the IEC building
was equipped with an automated system of

ASM

Remote control

static monitoring of metal structures and
foundations (ASM). A technique developed
by French company SOLDATA and the Na-
tional Geographic Institute of France (IGN) is
the basis of the system implemented.

The system working principle is based on
the determining of the spatial position of ob-
servation checkpoints with the use of laser
guidance technology which is implemented by
means of the appropriate surveying high-
precision equipment and a special software
package.

The structure and interaction of the system
components and its communication with other
systems is shown in Fig.1.
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Fig.1. The structur and interaction of the ASM componel
ACMS (ASM) — automated central monitoring system;
MRC — maintenance remote control; AD — alert device
EH - end hardware; PDS — primary data sources
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The target reflectors of special design (ref- wind impulses, background impacts associ-
erence standard and monitoring) are used for ated with the movement of subway and other
remote measurement of the position of a vehicles that make the diagnosis of the build-
checkpoint. The reference standards are ings poorly effective.
placed outside the influence of possible de- Therefore, in view of a large scale and
formation of the structures, and observation structural fullness of the building (more than
targets are mounted on the structural elements. 200 groups of structural elements) and dy-
The displacement values are measured using namic background effect on it, the finding

high-precision geodetic TCRA tachymeters of
Leica production.

ways to improve the monitoring efficiency
was aimed at the monitoring globalization.

These measured data are stored in the The expediency of the preparation of a com-

minicomputer of the control unit and are

transmitted via LAN channels to the ASM

server for further calculations, and the check-
point position calculations are performed us-
ing the ASM software.

ASM implemented allows for the observa-
tion of possible spatial displacements and de-
formations of various structural elements of
buildings and the visualization of the results
of measurements in a three-dimensional coor-
dinate system. The monitoring is performed
for 85 observation points.

ASM operates in continuous mode and
provides a measurement of vertical deflections
and horizontal displacements with an accuracy
of £1 mm. Since the introduction of the sys-
tem, it was found no irregularities in its work,
and the observation results indicate a gener-
ally satisfactory state of the structures ob-
served. However, some shortcomings in the
constructions of the building are revealed,;
these shortcomings linked to faulty installa-
tion works during construction. For example,
in 2012, in a case of significant snow load, the
bottom chord of a secondary trd$$-6 (PF-6)
is elastically deformed in the horizontal plane,

putational building model and the use of the
dynamic characteristics in the monitoring sys-
tem were provided.

There is a point of view according to which
tool monitoring without support and compari-
son with a set of adequate mathematical mod-
els of objects have random-senseless nature,
represents no practical value and does not re-
flect the reality of a problem [6 — 10], and a
mathematical model implements the actual
physical and mechanical properties of the ma-
terial, geometrical forms of structural ele-
ments, actually characterizes the work of
nodes and connections, and thus is an effec-
tive diagnostic tool of a technical condition of
the building.

Based on this approach, the experts of Kyiv
University of Construction and Architecture,
National Transport University, and IEC per-
formed preprocessor treatment and a finite-
element model of the IEC building was cre-
ated taking into account its structural and op-
erational features [11 — 13].

NASTRAN and SCAD software systems
were used. Further, the use of the NASTRAN
finite element model which was proofed for

as shown by analysis, because of the absenceadequacy and has been refined for possible

of deformation expansion joints in the form of
oval holes of bolted-type connection which
was promptly corrected.

However, the system specified displays the

calculations of dynamic characteristics includ-
ing the addition of non-structural masses is
envisaged.

The model created is universal and globally

stress-strain behavior of the specific observed reflects the stress-strain behavior of the build-
structures when they are exposed to static load ing structures. Provides the information ac-
and characterizes only its local situation, de- cording to static and dynamic characteristics,
spite the considerable importance of these including axial forces, bending moments,
structures in the construction. The system in- shear forces, displacements, buckling, fre-
dicators do not provide the information on the quencies and modesf natural vibrations at
dynamic effects on the structure such as e.g. different combinations of actual loads.
microseismic transients in the earth's surface,
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Nevertheless, objectivity of information

to permanent non-structural mass: process

may be inadequate due to possible changes induty and a load of building envelope.

the technical condition of the building associ-
ated, for example, with the change of joints in
the junctions (cropping of bolts, the appear-
ance of flexible joints), sinking soil base under
the foundation of load-bearing elements of the
structure, vibration of the working process
equipment and more [14 - 16].

Therefore, a preliminary assessment of the
building integrity is a prerequisite. The dy-
namic monitoring [17 — 21] which character-
izes the total (integral) state of the building us-
ing dynamic characteristic parameters (natural
frequencies and modes of vibrations) seems
effective in this regard

The preliminary analysis gives preference
and focuses on high priority of the evaluation
of the building integrity. In a case of positive
results of such evaluation the use of finite-
element model is effective, and in a case of
negative signals it is necessary to inform
promptly the services responsible for the
building safety.

This approach has been used in the devel-
opment of dynamic monitoring methods for
the IEC building. The certain provisions of the
specified method were analyzed and refined
according to the design and operational fea-
tures of this building. The following dynamic
characteristic parameters were used: the mag-
nitude of frequencies and modes of natural vi-
brations, the parameters describing a low-
frequency range of vibrations (the first three
basic frequencies). The modes of vibrations
were shown by means of directions and mag-
nitudes of the amplitudes corresponding to the
specified frequency range. The range of natu-
ral modes of vibrations was taken with regard

EXPERIMENTAL RESEARCH

The calculations were performed using
SCAD and NASTRAN software, and full-
scale frequency magnitudes were measured by
an instrumental method of Kyiv National Uni-
versity of Construction and Architecture using
ZET-048C seismograph (Table 1). The vibra-
tion accelerations of load-bearing structures
were experimentally measured in real time
with their further processing and determina-
tion of the natural vibration building fre-
guency data. The registered vibrational re-
cords were processed using ZETLAB
SEISMO software with spectral analysis by
the discrete Fourier transformation method.

The resulting spectra (Fig.2) were analyzed
in order to determine the frequencies of natu-
ral vibrations that correspond to the main
peaks on the spectrograms and are the results
of a response of the structures to external
sources of dynamic action.

The spectral analysis allows filtering natu-
ral frequencies of the building and other ef-
fects of background. The spectral analysis is
necessary, especially in the dynamic monitor-
ing system of large-scale structures. But the
using of natural frequencies can be ineffective
if the construction defects do not violate its in-
tegrity. For example, subsidence of the soil
base under the foundations of
structures that did not cause cracks and other
irregularities, local buckling of certain ele-
ments, a lateral tilt of a framework and so on.
In this case, it is appropriate to use their natu-
ral modes of vibrations.

Table 1. Specifications of ZET-048C seismograph

Sensor type

differential

The number of measured coordinates

3XY,2

Measurement parameter

vibration acceleratio

=]

Operating range, Hz

from 0,3 to 400

Responsivity

less than 1®m/s

Intrinsic relative error, %

less than +10

Operating temperature, °C

from =30 to +50
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Fig. 2. The spectrum of natural vibrations of the IEC g

CONCLUSIONS

The dynamic monitoring of the total (inte-
gral) state using parameters of frequencies and
modes of natural vibrations is quite an essen-
tial element of the diagnosis of the building
technical condition.

The first three basic frequency magnitudes
and the natural modes of vibrations corre-
sponding to them are the most informative.

The basic magnitudes of natural frequen-
cies and the building vibration directions are
determined by means of the calculation
method using established adequate finite-
element model and experimental verification.
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KoMmmniekcHbIi MOHUTOPUHT TEXHUYE-
CKOT'0 COCTOSIHMSA (0JIbIIIEPA3ZMEPHOT0
CTPOUTEIBHOIO COOPYKEHHUS

Buxmop I'aiioatiuyx, Koncmanmun Komenxo,
Isan Trauenko

AnHoTtauus. IIpuBeneHsl pe3yiabTaThl 000py-
JIOBaHUSI COOpYXeHusi MexXIyHapOoJHOrO BBICTA-
BOYHOTI'O IIEHTPa KOMIUIEKCHON CUCTEMONH MOHHUTO-
pUHTa TeXHH4YeCKoro coctosuus. Copmysupora-
Hbl XapaKTepHbIE OCOOCHHOCTU JCHCTBYIOIIMX
cucreM. Hambonee WHPOPMATHBHBIMH SBISIOTCS
BEIIMYMHBI TPEX TEPBBIX YaCTOT OCHOBHOTO TOHA
KOJIeOaHUIl U COOTBETCTBYIOIIME UM (DOPMBI COO-
CTBEHHBIX KOJICOAHMIA.

PacueTrHbiM MeETOMOM, TIPH TIOMOIIM CO3TAHUS
aJICKBaTHOM KOHCYHO-3JICMCHTHOM MOJEIN M JKC-
MEPUMEHTAIBHON MPOBEPKON YCTAHOBJICHHI 0a30-
BBIC BEJIMYMHBI COOCTBEHHBIX YacCTOT M HalpaBiie-
HUA KoJjieOaHui coopyxeHus. OTMEYECHBI ITyTH
YCOBEPILIEHCTBOBAHUS  IPEAJIOKEHHBIX  CUCTEM
MOHHTOPUHTA.

KuaroueBble c¢jioBa: CTaTHUECKUA MOHUTOPHHT,
TUHAMHYCCKUHA MOHUTOPHHI, YaCTOTHI U (OPMBI
KOJIeOaHMI, KOHEUHO-2JIEMEHTHAS MOJIEb.
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