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Abstract. The article considers the specifics of
reduced rigidity impact of damaged structures on
the main dynamic characteristics of the structural
system using the example of a reinforced concrete
residential building for the further development of
recommendations for planning dynamic monitoring
of the technical condition of similar buildings.

A dynamic calculation was performed for a
building with a cohesive monolithic reinforced
concrete frame with 10 above-ground floors and
standard architectural, planning, and structural
solutions  for earthquake-resistant  buildings.
Considering that the impact of damage to individual
structures (including individual sections of walls)
on the dynamic characteristics of the building as a
whole is, as arule, insignificant, to assess the impact
of damage at different levels (floors) of the
structural system, their distribution was assumed for
all wall structures (diaphragms) within one floor. It
has been found that the greatest effectiveness of
dynamic monitoring using the “free vibration”
method for residential and public buildings can be
achieved when determining significant areas of
damage to load-bearing structures that significantly
affect the overall rigidity of the structural system at
the lower height levels of the system (base and
foundation, lower floors of the building).

At the same time, provided that the equipment
has sufficient accuracy and resolution in terms of
the energy and amplitude of free vibrations of the
structure, the parameters of the second mode of
vibrations should be determined, which can
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provide a significantly larger amount of data on the
spread and intensity of damage along the height of
the building. From an applied point of view, the
following main areas of wide use of dynamic mon
itoring by the “free vibration” method for residential
and public buildings have been identified: for
structures under dynamic loads that cause damage
and deformation of load-bearing structures;
detection of significant weakening of large sections
of the “base-foundation” system;
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assessment of the impact of significant uneven
deformations of the foundation on load-bearing
structures; in  general (regardless of the
characteristics of loads and influences), to identify
significant areas of structural damage that
significantly affect the overall rigidity of the
structural system at the level of the lower floors.

Keywords: residential or public building;
natural vibrations; damage; building condition
assessment; dynamic characteristics; building
investigation; monitoring.

PROBLEM STATEMENT

A key factor in the widespread
implementation of monitoring measures for
large-scale construction projects (primarily
CC-2) could be the reduced complexity and
cost of such monitoring. One type of
monitoring that meets this criterion is dynamic
monitoring using the “free vibration” (or
microseismic vibration) method, which differs
from others primarily in that it measures
background or microseismic vibrations of the
building and the adjacent ground surface [1].
This method utilizes the direct relationship
between the dynamic characteristics of the
structure and the rigidity characteristics of the
elements of the “foundation—structural system”
and, accordingly, its generalized (integral)
technical condition. Important advantages of
this method typically include the relatively low
labor intensity of the work, the absence of a
need for extensive access to the structure’s
components, and the convenience for
monitoring the condition of the “structural
system—foundation” system and its individual
components.

Therefore, it is essential to develop and
widely implement methods for monitoring the
technical condition of buildings and structures
classified as CC-2, including methods such as
dynamic monitoring using the “free vibration”
method.

ANALYSIS OF PREVIOUS RESEARCH
The application and rationale of the “free

vibration”  (microseismic) method are
occasionally discussed in the literature [1-10,
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etc.], primarily in the context of dynamic
testing of critical buildings and structures to
assess their condition and the quality of
construction work, to determine the dynamic
response of individual structures or sections of
structures, including for the purpose of
assessing compliance with health safety
requirements, as well as in seismically
hazardous areas.

The current status of the practical
application of such measurements for the
diagnosis of building structures in Ukraine can
be tracked through references in building codes
and standards. The thorough application of
dynamic tests for assessing technical condition
can be found in certain specialized regulatory
documents, for example, in the fields of
earthquake-resistant [11] and transportation
[9,12] construction. At the same time, the most
general documents regulating the inspection
and diagnosis of technical condition either do
not mention the possibility of applying dynamic
characteristic measurements at all [13] or
address this issue only superficially [14].
General requirements for vibration monitoring
are presented in [10]. These requirements need
to be clarified and detailed according to the type
of construction objects and their specific
characteristics, as has already been done, for
example, for transportation structures [9]. At
the same time, when planning measurements
within the framework of dynamic monitoring
(and understanding the limits of its
effectiveness), one should take into account the
degree of influence of possible damage and
weakening of various components of the
“foundation—structural ~ system” on the
building’s vibration parameters in their various
modes. Therefore, it is relevant to study the
characteristics of changes in a building’s
dynamic  properties depending on the
development of damage and other weakening of
various components of the “foundation—
structural system” in order to determine the
limits of the effectiveness of their measurement
for assessing and monitoring the technical
condition of mass-produced buildings in
modern Ukraine (in particular, such as
residential and public buildings), developing
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relevant recommendations, and incorporating
them into existing codes and standards.

The aim of this study is to identify the
specific effects of reduced rigidity in damaged
structures on the primary dynamic
characteristics of a structural system, using a
reinforced concrete residential building as an
example, with a view to developing
recommendations for planning the dynamic
monitoring of the technical condition of such
buildings.

MAIN RESEARCH

For the computational experiment, a
building with a continuous monolithic
reinforced concrete frame (with 10 above-
ground floors) was selected, featuring standard
architectural, layout, and structural solutions

(for earthquake-resistant buildings [11]); the
exterior of the model is shown in Fig. 1. Useful
time-dependent loads were adopted for
residential buildings in accordance with [15].
To analyze the main dynamic characteristics,
horizontal seismic loads were applied in
accordance with [11] along and across the
building at a minimum intensity of 6 points.
The foundation is accounted for using dynamic
bedding coefficients (uniform compression)
Czayn, determined according to the proposals in
[16]. The following value of the average
dynamic bedding coefficient is assigned
(assuming the foundation consists of sandy
loam and loam): 44’000 kN/m?. In addition, the
non-uniform distribution of foundation rigidity
near the edges of the building footprint was
accounted.

Fig. 1 General view of the FE model of reinforced concrete building for the calculation experiment in 3D

view.

Puc. 1 3aranpamii Burnsan CE mogeni 3amiz00€TOHHOT OYIiBIl IS PO3PaXyHKOBOTO €KCIepUMEHTy y 3D-

BUTJIAII.

Table 1 presents the main results of the
dynamic analysis of the building. To further
evaluate the dynamic characteristics of the
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structural system obtained from the simulation,
empirical relationships for the main periods of
vibration collected in [11,17,18] were used. The
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following building parameters were used for
this purpose: building height — H = 30.15 m or
hn = 98.9 ft; dimension along the direction of
vibration — D = 30 m (along the building) or D
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= 12 m (across the building). The results of the
calculations are presented in Table 2.

Table 1. Periods and modes of natural vibrations according to dynamic analysis.
Taba. 1. Ilepioau Ta popmMu BIaCHUX KOJWBAHb 3TiIHO TUHAMIYHOTO PO3PAXYHKY.

building

Direction of vibration across the

Direction of vibration along the
building

T=0,623 sec

Mode 1

T=0,515 sec

Mode 2*

*Note: The scale of the movements has been increased compared to mode 1.

Table 2. Periods of the first mode of natural vibrations in seconds, according to empirical relationships.
Tabu. 2. [Tepioan nepuoi (opMu BIACHUX KOJIMBAaHb B CEK. 3T1JHO EMITIPUYHUX 3aTE€KHOCTEH.

Direction of vibration across

Direction of vibration along the building

T=0,020(h,)¥*=0,020(98,9)**= 0,627 sec

the building
T=0,020(hn)¥*=0,020(98,9)%*= 0,627 sec
H 30,15 _
T= 0,095 = O'OQﬁ = 0,783 sec

H 30,15 _
T= 0,095 = 0'09ﬁ = 0,495 sec

T=0,066(H)¥*=0,066(30,15)% *= 0,758 sec

T=0,066(H)¥*=0,066(30,15)¥ *= 0,758 sec

Average value

0,723 sec

0,627 sec

The corresponding natural periods for the
first mode, determined during the model
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calculation, were 0.623 sec across the building
and 0.515 sec along its length, which are,
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respectively, 13.8% and 17.9% (averaging a
satisfactory 15.9% overall) shorter than the
average empirical values. The lower values can
be explained, first and foremost, by the
developed system of wall structures
(diaphragms), which increase the overall
rigidity of the system.

The consideration of damage to primary
load-bearing structures, which, due to their
inherent rigidity, determine the dynamic
characteristics of the building in the horizontal
directions of vibration, is implemented based
on Table 6.8 of DBN [11]. According to this
table, for reinforced concrete frames with
vertical diaphragms or stiffening cores, the
limit relative deflection within a floor increases
from 0.004 to 0.025 as the level of horizontal
seismic load increases from a weak earthquake
(assuming no damage) to the maximum (the
highest level of damage at which the overall
stability of the structural system is maintained).
This corresponds to a reduction in the overall
rigidity of the structures by approximately a
factor of 6. For damage modeling, it is assumed
that the damage level is slightly lower and that

vibration

natural period of

inthe

Increase

the rigidity of wall structures and diaphragms is
reduced to 0.2 of the initial rigidity.

Given that the impact of damage to
individual structural elements (including
specific sections of walls) on the dynamic
characteristics of the building as a whole is
expected to be negligible, to assess the impact
of damage at different levels (floors) of the
structural system, its spreading was assumed
for all wall structures (diaphragms) within a
single floor. Overall, damage was modeled for
the 1st, 5th, and 10th floors.

The reduction in the rigidity of the load-
bearing structures predictably led to an increase
in the periods and amplitudes of vibrations
(and, consequently, to a decrease in vibration
frequencies). Graphs showing the decrease in
vibration frequency as a function of the level
(floor) of damage spreading are shown in Fig.
2. Graphs showing the increase in vibration
amplitudes (in terms of displacements) as a
function of the level (floor) of damage
spreading are shown in Figs. 3 and 4.

Fig. 2 Increase in the natural period of building vibration depending on the location of structural damage.
Puc. 2 30ibIeHHS IEPioay BIACHUX KOJWBaHbL OYIiBJIi 3aJI€)KHO BiJl PO3TAIlyBaHHS IIISTHKH MOIIKOIKCHD

KOHCTPYKIIH.
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—&— mode 1 along the building
—@&— mode 1 across the building
—ir— mode 2 along the building

across the building

Increase inthe amplitude of vibrations, %
[

1 2 3 - 5 6 7 8 9 10

Location of structural damages, floor

Fig. 3 Increase in the amplitude of vibrations at the roof level depending on the location of structural
damage.

Puc. 3 30iibIIeHHS aMIUTITYIU KOJIMBaHb HA PiBHI IOKPHUTTS 3aJICKHO Bifl PO3TAIIYBaHHS JTiJISTHKH
MOLIKO)KEHb KOHCTPYKLIH.

—4— mode 1 along the building
~&—mode 1 across the building
&~ maode 2 along the building

mode 2 across the building

Increase inthe amplitude of vibrations, %

Location of structural damages, floor

Fig. 4 Increase in vibration amplitude at the 4th-floor level depending on the location of structural damage.
Puc. 4 30i1pIIeHHS aMITITY 1A KOJIMBaHb Ha PiBHI MEPEKPUTTS 4-T0O TIOBEPXY 3AJICKHO BiJl pO3TaITyBaHHS
JUISTHKY TTOTIKO/PKEHb KOHCTPYKITIH.
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The results presented in Fig. 2 show that
(here and below, this applies to buildings with
similar structural system parameters) the
periods (frequencies) of vibrations for the
second mode are approximately twice as
sensitive to the effects of damage at all levels of
the above-ground floors. At the same time, even
assuming the spreading of damage across all
vertical structures at the floor level, a
measurement  accuracy exceeding 10%
(according to DSTU [10]) was observed only
for damage at the 1st-3rd floor levels for the
second mode of vibration. Assuming a
measurement  accuracy of 5%, the
corresponding damage spreading can be
detected for the 1st and 2nd floors using the 1st
mode of vibration and for the 1st-5th floors
using the 2nd mode of vibration.

The results presented in Fig. 3 show that
when measuring the amplitude (displacements)
of vibrations at the floor level with a
measurement accuracy of 10%, the spreading of
damage in vertical load-bearing structures
(across the entire floor plane) can be detected
using the 1st mode only for the 1st-2nd(3rd)
floors of vibration (and the 1st-3rd(4th) floors
with 5% accuracy). Measuring vibration
amplitudes using mode 2 along the building
(greater system rigidity than in the across
direction) allows for the detection of
corresponding damage for all floors, and in the
across direction — for the 1st-3rd(4th) floors
(with 5% accuracy — also for the top 2 floors).

The results presented in Fig. 4 show that
when measuring the amplitude (displacements)
of vibrations on the 4th floor with a
measurement accuracy of 10%, the extent of
damage to vertical load-bearing structures
(across the entire floor plane) can be detected
using the 1st mode similarly for the 1st-—
2nd(3rd) floors of vibrations (and the 1st-
3rd(4th) floors with 5% accuracy). Measuring
vibration amplitudes using the second mode
along the building allows for the detection of
corresponding damage for the 1st-7th(8th)
floors, and across the building — for the 1st-—
8th(9th) floors.

It should also be noted that the values of the
oscillation amplitudes for the second mode in
the system under study (and similar systems)

84

are approximately 30-50 times smaller than the
corresponding values (at the same height level)
for the first mode. Consequently, this requires
equipment with high resolution (primarily for
determining frequency) and high accuracy (for
determining amplitudes) for  measuring
absolute values of velocities or accelerations, as
well as a low level of background vibration
noise. This can be partially compensated for by
using an additional vibration generator (of
higher energy) near the building.

A summary and analysis of the data obtained
lead to the conclusion that the greatest
effectiveness of dynamic monitoring using the
“free vibration” method for residential and
public buildings (with architectural and
structural solutions similar to the building
under consideration) can be achieved by
identifying significant areas of damage and
weakening in load-bearing structures that
significantly affect the overall rigidity of the
structural system at the lower levels of the
system (basement and foundation, lower floors
of the building). At the same time, provided that
the equipment has sufficient accuracy and
resolution with respect to the energy and
amplitude of the structure’s free vibrations, the
parameters of the second mode of vibration
should be determined, which can provide a
significantly greater amount of data regarding
the spreading and intensity of damage along the
height of the building.

CONCLUSIONS AND PROSPECTS
FOR FURTHER RESEARCH

As a result of the analysis is performed in this
work, the following conclusions can be drawn:

- To determine the general characteristics
of how reduced rigidity in damaged
structures affects the primary dynamic
characteristics of the structural system of
a reinforced concrete residential building,
a dynamic analysis was performed on a
building with a braced monolithic
reinforced concrete frame comprising 10
above-ground floors and standard
architectural, planning, and structural (for
earthquake-resistant buildings);

ByniBenbHi koHCTpyKUii. Teopis i npakTuka ¢ 18/2026



- given that the impact of damage to
individual structural elements (including
specific sections of walls) on the dynamic
characteristics of the building as a whole
is generally insignificant, to assess the
impact of damage at different levels
(floors) of the structural system, its
spreading was assumed for all wall
structures (diaphragms) within a single
floor;

the greatest effectiveness of dynamic
monitoring using the “free vibration”
method for residential and public
buildings can be achieved by identifying
significant areas of damage and
weakening in load-bearing structures that
significantly affect the overall rigidity of
the structural system, particularly at the
lower levels of the system (basement and
foundation, lower floors of the building).
At the same time, provided that the
equipment has sufficient accuracy and
resolution with respect to the energy and
amplitude of the structure’s free
vibrations, the parameters of the second
mode of vibration should be determined,
as this can provide a significantly greater
amount of data regarding the distribution
and intensity of damage along the height
of the building;

from an applied perspective, the
following main areas of wide use of
dynamic monitoring using the “free
vibration” method for residential and
public buildings can be identified: for
structures subjected to dynamic loads that
cause damage and deformation of load-
bearing  structures;  detection  of
significant weakening of large sections of
the “base-foundation” system;
assessment of the impact of significant
uneven deformations of the base on load-
bearing structures; in general (regardless
of the specific nature of loads and
influences), to identify significant areas
of structural damage growth that
substantially affect the overall rigidity of
the structural system at the lower floor
levels.

Further  research could focus on

investigating how reducing the rigidity of
damaged structures affects the dynamic

ByniBenbHi koHcTpyKuii. Teopis i npakTuka ¢ 18/2026
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behavior of buildings with different structural
and architectural-planning characteristics —
such as brick buildings with fewer stories — as
well as conducting field measurements of the
dynamic behavior of damaged buildings to
compare with the results of analysis based on
their corresponding models.
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BILJIVB 3HUKEHHS )KOPCTKOCTI
NOLIKOKEHUX KOHCTPYKLIN HA
OCHOBHI ITMHAMIYHI
XAPAKTEPUCTUKHU
3AJII30BETOHHOI J)KUTJIOBOI
BY IIBJII

Braoucnae BACAHCbKHU
Jlenuc XOXJIIH
Muxaiino BOJKHHCBKUH

AHoTanisi. B cTarTi po3misHyTI 0COOJUBOCTI
BIUTMBY 3HW)KEHHS JKOPCTKOCTI MOIIKOJUKEHHX
KOHCTPYKITii Ha OCHOBHI JIUHAMIYHI
XapaKTePUCTHKA KOHCTPYKTHBHOI CHCTEMH Ha
MPUKIIAZl 3aJ1i300€TOHHOT KHUTJIOBOI OYIIBII JUIs
MOIANBINOT PO3POOKH PEKOMEH AN 3 TUTaHyBaHHS
JUHAMIYHOTO MOHITOPUHTY TEXHIYHOTO CTaHy
BIIITOBITHUX OYTiBEIb.

BukoHanuii AuHaMivyHUNA po3paxyHOK OyaiBimi 3i
3B’S13KOBUM MOHOJIITHUM 3aJ11300€TOHHUM
kapkacoM 3 10 Haag3eMHUMH [OBEpXaMH Ta
CTaHAAPTHUMH apXIiTeKTypHO-TUIaHYBUILHUMHU Ta
KOHCTPYKTHBHUMH JUI CEHCMOCTIHKNX OyIiBemb
pimeHHAMHU. BpaxoByrouu, 110 BILTHB HOMIKOKEHb
OKpPEMHUX KOHCTPYKLIH (B T.4. OKPEMHUX AUISHOK
CTIH) Ha JIWHAMIYHI XapaKTEPUCTUKH OyHiBIi B
IJIOMY €, SK TpaBWIO, HE3HAYHHUM, IS OLIHKH
BIUIMBY YIIKOJKEHb HAa PI3HUX PiBHAX (MOBEpXax)
KOHCTPYKTHBHOI CHCTEMH iX DO3IOBCIOPKEHHS
npuiManocss A BCiX CTIHOBUX KOHCTPYKIIH
(miadparm) B Mexax OJHOTO TTOBEPXY.

BusiBneno, 1m0 HaiOuUIbIIa  €()EKTHBHICTH
MUHAMIYHOTO MOHITOPHHTY METOJIOM «BLIBHUX
KOJIUBAHbY» IS )KUTIIOBUX 1 TPOMaJICHKUX OyIiBelb
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MoOe OyTH JOOCSATHYTa NPU BU3HAUEHHI 3HAYHHUX
OUITHOK ~ PO3BHUTKY  TOLIKOKEHb  HECYYHX
KOHCTPYKLIH, 10 CyTTEBO BIUIMBAIOTh HA 3arajibHy
JKOPCTKICTh KOHCTPYKTHBHOI CUCTEMH, Ha HIDKHIX
BHCOTHHUX PIBHIX CHCTeMH (OCHOBA Ta GyHIaMEHT,
HIDKHI ToBepxu Oynisimi). [lpu mpomy, 3a ymoBH
JIOCTaTHBOI TOYHOCTI Ta PO3MOAUIEHOI 3TaTHOCTI
oOnagHaHHS BIIHOCHO €HEprii Ta aMILTTyIu
BUTLHUX KOJHMBAaHb CIOPYIH, CHiA BHU3HAYATH
napameTpu 2-1 opMHU KOJIHMBaHb, SIKa MOKE HaIaTH
CYTTEBO OUIBIINIA obcar aHUX 1010
PO3MOBCIOKEHHSI Ta IHTEHCUBHOCTI MOIIKOIKEHb
Mo BHUCOTI OyxiBmi. 3 MPHUKIAAHOI TOYKH 30Dy
BUJIIGHO HACTYIHI OCHOBHI HANpsIMH HIHPOKOTO
BHUKOPHUCTaHHS JUHAMI4HOTO MOHITOPUHTY
METO/IOM «BUTBHUX KOJIMBaHb» AJISl JKUTJIOBHX 1
IrpOMaJICbKHX  OyniBenb: JUId  CHOpPYJA, IO
MOJal0ThCd IWHAMIYHUM HaBaHTAXXEHHSIM, K1
BUKJIMKAIOTh  TIOMIKO/DKEHHS Ta  Jaedopmarii
HECYYHMX KOHCTPYKWiH; BHABICHHS CYTTEBUX
oca0lieHb BEJIMKUX [IUISHOK CHCTEMH «OCHOBA-
(dbyHIaMeHT»; OIHKKM BIUIMBY Ha  HeCydi
KOHCTPYKLIi] 3HaUHMX HEPIBHOMIpHUX Aedopmamiit
OCHOBHW;, B 3araJlbHOMy BHNAIKy (HE3aJIeKHO Bif
0co0IMBOCTEHl HaBaHTaKeHb 1 BIUIMBIB), ISt

BUSIBJICHHS 3HAYHUX TITTHOK PO3BUTKY
NOUIKO/DKEHb ~ KOHCTPYKLiH, IO  CYTTEBO
BIUTMBAIOTh Ha 3arajibHy KOPCTKICTh

KOHCTPYKTHBHOI ~CHCTEMH, Ha PIiBHI HIDKHIX
TIOBEPXIB.

KawuoBi caoBa: xwutinoBa abo rpomanchka
OymiBis;, BIacHI KOJHMBAHHSA, MOIIKOKEHHS;
OLIHKA TEXHIYHOTO cTaHy OyIiBii; JUHAMIYHI
XapaKTePUCTUKU; obcTexxeHHS OyxiBens;
MOHITOPHHT.
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