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Report from ambient vibration tests on Economic-Trade School Building in Pozarevac, Serbia

1. SCOPE

The scope of this report is to analyse and identify the dynamic characteristics of the building
of the Economic-Trade School in Pozarevac, Serbia from the performed ambient vibration tests. This
report was initiated by the client System DC90 d.o.o. from Belgrade, Serbia after performed
rehabilitation of the structural system of the building.

The building is located on 6 Jovan Sherbanovic st. (44°37'07.5"N 21°11'21.3"E) in the vicinity of the
centre of the town. The geographical position is presented in Fig. 1-1.

Fig. 1-1. Location of the Economic-Trade School in Pozarevac, Serbia.

As reported in the technical documentation for static and dynamic analysis of the building,
the building was constructed in 1904-1905 and changed its function several times during the years.
Currently, the building is protected by law as cultural monument. Its overall dimensions are
35.22x24.68 m, it has complex structural shape in the layout (similar to letter E) and has basement,
ground floor and one floor. The last reconstruction was performed in 1976.

The structural system of the building is composed from unreinforced masonry walls (URM) from
solid clay bricks with dimensions 30x15x7 cm layout out in mortar with unspecified type and quality.
The thickness of the basement floor walls is 83 cm and it further reduces to 66, 51 and 35 cm along
the height of the building. The floor structure above the ground floor is constructed by timber beams,
while in the hallways URM arches with height of 27 cm support the floors. The roof floor is timber
with mud flings.

Figs. 1-2, 1-3, 1-4 and 1-5 present the views of the building, while Figs. 1-6 and 1-7 show the building
layout and cross-sections.
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Fig. 1-3. East facade of the building (backyard).
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Fig. 1-4. North-East facade of the building.

Fig. 1-5. View of the hallway inside the building and view of the roof.
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Fig. 1-6. Layout of the building.
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Fig. 1-7. Facade and cross-section of the building.

For the purpose of this report, the client delivered the available design documentation which was
used during the preparation of this report. The following documents were used:

= Static and Dynamic Analysis of the rehabilitation of the structural system of the Economic-
Trade School in Pozarevac, from the design engineer Zharko Petrashkovi¢, BSc.
(original title: CtaTnyka 1 AMHAMUYKA aHAIM3a CaHAIlM]€ KOHCTPYKTHBHOT CKJIOTA 3Tpaje
Exonomcko-Tprosuncke mkosne y [Toxapesiy, XXapko Ilerpamikosuh, numi.uar. rpal).)

= Design project for rehabilitation of the structural system of the Economic-Trade School in
Pozarevac, from the design engineers, Zoran Petrashkovi¢, PhD and Zharko Petrashkovic,
BSc.
(original title: M3pana mpojekTa caHamuje KOHCTPYKTHBHOI CKJIOMa 3rpajae EKOoHOMCKO-
Tprosuncke mkone y Iloxkapesny, Jlp. 3opan IlerpamkoBuh m JKapko Ilerpamkosuh,
JMIULUHT. Tpal).)

Also, this report uses the details from the ambient vibration tests performed in-situ that were
arranged and composed in one document entitled:
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= Ambient Vibration Measurement, School — Pozarevac, Serbia, 19 February 2015, prepared
by Digitexx Data Systems, Inc.

For analyses of the measured ambient vibration signals and graphical presentation of the
obtained results, the geometry of the buildings was taken from the available architectural plans,
design drawings and the performed on-site measurements. Since the building was in operational
function, very limited type of non-destructive structural investigations was possible. In-situ dynamic
tests by recording the ambient vibration signals was performed on February 19, 2015.

To reveal the overall behaviour of the building and to identify the stiffness and dynamic properties
of the structural system, two-stage analysis was performed:

= In-situ dynamic tests, by recording AV signals, and

= QOperational Modal Analysis

The performed dynamic tests were executed on strengthened building with steel ties and dampers.
The details for the strengthening are presented in the design documentation referenced previously.
Views of the strengthened layout and facade are presented in Figs. 1-8 and 1-9. With the information
from the available design documentation, performed tests and analyses, basic conclusion with regards
to the dynamic characteristics of the structural systems were made in this report.
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2. OPERATIONAL MODAL ANALYSIS

2.1. Data acquisition

At the time of preparation of this report, the only possible reliable method to confirm the
stiffness of the building was to conduct non-invasive, non-destructive tests by performing ambient
vibration measurements. A series of ambient vibration measurements were carried out and these
results were later used to identify the dynamic characteristics of the building.

The primary aim of the modal testing was to identify the lowest modes of vibration in both horizontal
directions. For this purpose an ambient vibration survey was conducted by recording the ambient
vibrations. Due to the importance of the test results, it is desirable to decrease the influence of other
sources of vibration, such as operating A/C units, rotating machines, human interference with the
equipment (sensors, cables) and etc.

Twenty one series of AV tests were conducted on the building with 3 fixed reference acceleration
recording sensors and 2 roving sensors. Each series contains results from acceleration sensors for
different sensor location in the building layout. Calibration of the sensors was applied prior the
measurements. Total recording time was 300 sec, the sampling frequency was fixed to 200 Hz which
gives about 60000 data points.

2.1.1. Test equipment

The ambient vibration measurements were performed with Digitexx PDAQ Premium portable
system with physical dimensions 457 x 330 x 170 mm as shown in Fig. 2-1. This system supports data
acquisition and analysis from distance.

Fig. 2-1 Digitexx PDAQ Premium.
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Fig. 2-2 Digitexx D110-T tri-axial sensor. Fig. 2-3 Digitexx D110-U uni-axial sensor.

Main characteristics of the system are: 16 channels, 24 bits, local and remote real time data
analysis, FFT, transfer functions, interstorey drift based on FEMA 351 and 274 seismic safety
standards, hysteresis curve for the interstorey drift, computation of acceleration, velocity and
displacement. This system is best option for permanent structural health monitoring for a period up
to 6 months. The main characteristics of the acceleration sensors are: uni- and tri-axial micro electro-
mechanical capacity sensors with wide dynamic range +/- 3g, perfect band and ultra low noise, which
make them ideal for structural health monitoring, Fig. 2-2 and 2-3.

2.1.2. Full scale measurements

Ambient vibration tests were performed by using uni- and tri-axial acceleration sensors and
measurements in 14 points per floor. All sensors were placed carefully and levelled on the floors. The
sensors on the roof and some of the sensors in the classrooms were positioned on timber elements or
hardwood floorings. The location of selected sensors are presented in Figs. 2-4 to 2-6. Figs. 2-7
schematically presents the layout and arrangement of the sensors in the building layout.

While the measurements were on their way, the movement and actions of the people present around
the chimneys were restrained for the measuring interval. The outside temperature was in the range 0-
6°C.

The recorded analog signals were digitized and saved in ASCII format on the hard disk of the
computer used for data acquisition. The quality of the data was evaluated on site by visually
inspecting the raw (untreated) time domain signals (acceleration versus time) for each channel. A
preliminary Fast Fourier Transformation was also computed from the raw time domain signal from
each output channel during this step. The time and frequency domain signals for each output sensor
channel were examined to identify any noisy or malfunctioning sensors. The frequency domain
signals were inspected to establish the frequency range that contained the majority of the significant
responses.

Signals from measurement No. 21 had erroneous time-history for data point M and therefore this test
set-up was ignored in the operational modal analysis.

10
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Fig. 2-5 Location of a tri-axial sensor in office room.
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Fig. 2-6 Location of a tri-axial sensor in the hallway of the building.
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2.2. Sensor location

Ambient Vibration, School - Pozarevac

p—— =" T - £
LA ROC R G ™ W | R - movm & oa 5_1 :
T T T A AT a; "Ll it
3 | £ ap u — al
d 5
v ~ e
D =2 |2 g I
y - 3 -1 4 b
< % 1 pah U s
- v
= i T
- w [R™ 1.2 2
2
o T HH—— .
VA i\ i . . 5
> i " o RomT N, W T} /4‘?’ it i
T (s
<1
i
» 3 £ 1 '\ i . 3
) LN 1 X
1] = )
): L/
" a .—‘\.- (1Y [+ st = 2
e i 3 &
[ o —
= (1] = - i
hu = st @ wew W X0 eom W
-- ok ) - :.!"
@ - —
o 1t B
« L] s =& »
[ — .
a:
a

Fig. 2-7. Measuring points and axis orientation in the building layout.



Report from ambient vibration tests on Economic-Trade School Building in Pozarevac, Serbia

2.3. Data analysis

The data acquisition parameters adopted in the tests are given in Table 2-1, while the measured
(raw) time histories for selected measurement points are shown from Fig. 2-8 to 2-10.

Table 2-1. Data acquisition parameters used for ambient vibration tests.

Parameter Value
Acquisition time (s) 300
Time step (s) 0.005
Sampling frequency (Hz) 200

The analysis of the recorded acceleration time-histories was performed using the Artemis
Modal 3.6.0.9 software.
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Fig. 2-8 Measurement 1, points A, B and F (reference), ground floor.
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Fig. 2-9 Measurement 10, points E and F (reference), first floor.

Digital filtering

Having in mind the structural system and structural material used in this building as well as
from obtained AV test results for similar structures, it was indicated that the frequency response
spectrum of the building shall be located in the frequency band between 1 - 15 Hz. Therefore, the cut-
off frequencies selected for digital filtering are 0.5 Hz at the low end and 20 Hz at the upper end of
the spectrum. It was expected that these cut-off frequencies would retain the majority of the vibration
responses for the building. The digital filter used in this step was a 7th order Low-pass filter.

A view of the graphical presentation of the measurement points of the building with sensor direction
is shown in Figs. 2-10 and 2-11.
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Fig. 2-10. Sensor location for direction X.

Fig. 2-11. Sensor location for direction Y.
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2.4. Modal Analysis

The natural frequencies of the structure were identified from the measured responses using
the common Frequency Domain Decomposition-Peak Picking (FDD) method. Artemis Modal 3.6.0.9
software was used to identify the dominant frequencies and mode shapes. The frequencies
corresponding to the locations of spectral peaks in the ANPSD functions should theoretically

correspond to the natural frequencies of the building.

In order to simulate the operational behaviour of the structure, the responses for different
directions (X and Y) of the building were combined using the Average Normalized Power Spectral
Density (ANPSD) function. Direction Z was inspected and since it was not dominant direction it was
not considered in further modal identification. The plots of ANPSD functions for the building are

shown in Figs. 2-12 and 2-13.
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Fig. 2-12. ANPSD functions for direction X.
{emfs*F IHz Singular Values of Speciral Densities of All Test Setups
0.0000015
0.000001 H / \
||‘ ‘I'\
0.00000K “ \‘f‘ f '\
| ol
II ‘II f \‘F\\.
0.00000 s ‘.\ ;‘ ‘\, \
/ M A
/ v A
0.00000K ‘,‘ . \ el i
= vy
e
S s 0 25

5 10
Frequency [Hz]

Fig. 2-13. ANPSD functions for direction Y.

Dominant frequencies

The dominant peaks for both directions of the building identified from the modal analysis are
presented in Tables 2-2 and 2-3. The first modes for both directions were estimated and correspond
to a mode with a natural frequency in the range of 4.0 - 8.9 Hz. The next peaks were identified in the

frequency range of 10.5 - 11 Hz.

The first peaks in both directions that could be identified as frequencies for global vibration of the
building correspond to a frequency of 4.0 Hz, but the amplitude in the spectrum density plots are very

low in comparison to the peaks at frequency of app. 9.0 Hz.
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Table 2-2. Estimated values for natural frequencies in direction X.

Estimation Freq. (Hz) Period (sec)
1 4.004 0.250
2 8.984 0.111
3 11.035 0.091
4 14.453 0.069

Table 2-3. Estimated values for natural frequencies in direction Y.

Estimation Freq. (Hz) Period (sec)
1 4.004 0.250
2 8.789 0.114
3 10.547 0.095

Mode shapes

The first frequency that could be identified as global mode shape correspond to frequency of
4.004 Hz in both directions, but its magnitude is very small. On the other hand, the dominant
frequencies, that have greater magnitudes, correspond to a local mode shapes. The identified mode
shapes are shown in Figs. 2-14 to 2-19.

Modal Values
Frequency = 4.004 Hz
Damping = 0%
Complexity = 20318 %

Graphical Objects
Lines
Surfaces

Fig. 2-14 Mode shape for f;=4.004 Hz in direction X
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All Test Setups with all connected channels

Fig. 2-15 Mode shape for f,=8.984 Hz in direction X

All Test Setups with all connected channels

Fig. 2-17 Mode shape for f;=4.004 Hz in direction Y
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Meodal Values

Graphical Objects
Lines
Surfaces

Fig. 2-18 Mode shape for f,=8.789 Hz in direction Y

Meodal Values

Graphical Objects
Lines
Surfaces

Fig. 2-19 Mode shape for f;=10.547 Hz in direction Y

Damping

With respect to the client request to determine the damping ratios of the individual modes of
vibration, the Enhanced Frequency Domain Decomposition-Peak Picking method was used. The
obtained values for damping are presented in Table 2-4.

Table 2-4. Estimated damping values for both directions in %.

Estimation Direction X Direction Y
1 55 24
2 4.2 19
3 3.4 2.3
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3. COMMENTS

Upon the results of performed in-situ dynamic tests of the Economic-Trade School building
in Pozarevac, several comments can be made.

= The dynamic characteristics of the building were estimated by in-situ dynamic tests by
means of measuring accelerations in three directions originating from ambient sources.

= QOperational modal analysis was performed with the software Artemis Modal 3.6.0.9 and
natural frequencies and mode shapes were identified using the FDD method.

= The first peaks at 4.00 Hz which have very small magnitudes in comparison to the
dominant peaks could be identified as global mode shape. However the building would
dominantly vibrate with higher frequency or frequency app. 9.00 Hz in both directions.

= The identified dominant frequencies (app. 9.00 Hz) in both directions of the building were
not found to correspond to a global mode shape of the building. This conclusion was
derived from the fact that no consistent modes of vibration were found for the measured
points that match the theoretical definition of the mode shapes.

= The fact that no mode shape could be identified can be supported by the fact that the
structural system of the floors is flexible in its plane and does not have the capacity to

provide robust and integral oscillation of the building. Instead, most of the individual walls
of the buildings oscillate by their own without connection to the rest of the walls.

Prepared by:

Prof. Elena Dumova-Jovanoska,PhD

Cﬂmdoq

Asist. prof. Sergey Churilov, PhD

@y{.{f-;ﬂ,/‘dj{i‘
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MoganHa aHanusa "EKOHOMCKA LLUKOJIA Moxkapesay,"
(caHupaH objekam ca ymeaama u 0ammnepuma ceusmuyxkoz obezbehera)

nomepamrsa (Um)

MeTtposaw X MNeTtposau Y
max 2.12 OCHOBA TABAHA 1.96 M
1.32 OCHOBA CIMPATA 1.23 M
0.28 OCHOBA MNMPU3EMJBA 0.16 M
En yeHTtpo X En ueHtpo Y
max 2.14 OCHOBA TABAHA 1.79 M
1.35 OCHOBA CIMPATA 1.08 M
0.16 OCHOBA MNMPU3EMJBA 0.09 M
061MK ocumnoBama T[s] 1/T [Hz]
1 ocumnosarbe y X npasuy 0.29882 3.35
2 ocupunosame y Y npasuy 0.30006 3.33
3 Top3uja 0.27728 3.61
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OJJPEBUBAHE BEPTUKAJIHUX NMOMEPAHHA EKOHOMCKO-TPTOBUHCKE LUKOJIE Y
MOXXAPEBLLY Y YJI. JOBAHA LLUEPBAHOBWUHA BP.6

SAMOSTALNA CEODETSKA RABNJA

GEOPA JA .
{VANOVIC PAUN P
3EOGRAD.T ~de Jovanovié 22 13

bBeorpag, 19.2.2015.roguxa



TEXHUYKU U3BEWTAIJ

leopetcku panosu cy u3seaeHu Ha 3rpaau EkoHoMmcko-TprosuHcke wkone y Moxapesuy, yn.
Josana LLlepbaHosuha 6p.6

MU3soherwe reopetckux pagoBa y Uuwby yTephuBarba BepTUKanHoOr nomepara objekra,
obasmweHo je 19.2.2015.roaune.

CTABUJIU3ALUIA PENEPA

Mecra 3a ctabunusauujy penepa je OApeAUO UHBECTUTOP.

Crabunusaumjy penepa Ha objeKTHMa je U3BPLIMO UHBECTUTOP.

3a notpebe npahetvba cnerarba objekara nocrasmeHo je TpuHaect (13) penepa.
Hymepauuja penepa je ypaheHa npama gatoj wemu penepa 3a ocMatpatbe.

Penepu cy ocnorwenn Ha penep RO H=100.00, uuja ctabunHocT je ucnutaHa.

MEPEHE

Mepema y unby npaherba cnerara objekta obassbeHa Cy y OKBUpY NpBe cepuje.
Jlatym mepetba npse cepuje je oapeano UHBECTUTOP.

Mepetba ce Bplue y KOHTUHYUTETY Y OBUPY CBake cepuje nocebHo.

MepeHe BenMuMHE CYy BUCHHCKE pasnuke.

Mepetba cy obasmeHa oprosapajyiuM MHCTpyMeHTOM W npubopom notpebHuM 3a oBy BpCTy
pagosa.

MNpe noueTka HUBENarba, MHCTPYMEHTH Cy UCMIUTAHU M YCTAHOB/bEHO je Aa 330BO/baBajy yCc/noBe
npeasuhere MpasunHukom 3a apxxasHu npemep lI-A geo (unaH.66).

Mepetbe BUCHHCKUX pa3nuka obassbeHo je npubopom 3a meperbe upme “ZEISS” (uHcTpymeHT
“KONI-Ni007”).




Op npubopa kopuwheHo je jous:
- Crartus
- MpeuunsHe nonycaHTumeTapcke uHBapcke nerse gupme “ZEISS”
- [Bo3pexe nanyue

- MNoaynupauu 3a netee

PAYYHAKE

PauyHare noppasymesa ca ce ypaau cnepefie:
- OppehuBarbe AePUHUTUBHUX BPEAHOCTU BUCUHCKUX Pa3/iuKa;
- WUspaBHarbe Mpexxe METOAOM NOCPEAHUX Meperba;

- OppehuBarbe AEUHUTUBHUX BPEAHOCTH KOTAa penepa W CpeArbe rpellke jeauHuue
TEXUHE;

OppehuBatbe AEUHUTUBHUX BPEAHOCTM BUCMHCKUX pa3fiMka pagu Ce Yy KOHTUHYUTEeTy no
3aBpLUETKY CBaKOI Mepetba.

MU3pasHatbe Mpexxe BpLUK Ce 3a CBaKy cepujy nocebHo

PauyHatbe [eUHUTMBHMX BPEQHOCTM KOTa W CPEAHe rpeluke jeAHWue TeuuHe, Bplue ce 3a
cBaKy cepujy nocebHo.

KOMEHTAP:

TauHocT meperba BucuHa je 0,7MM/kM, anu je Temnepatypa Basgyxa aaHa 12.6.2014.rogune
Kapa je obaemweHa Hynta cepuja 6una 30°C, a 19.2.2015.roguHe y paHy Kaga je mepeHa npsa
cepuvja Temnepartypa je 6una 3°C, na M TO Tpeba umatM y BMAy Kaja ce BpWMK aHanM3a
pesynTarta HynTe W npse cepuje.

Ob6jekatr He nokasyje 3Hake aecopMauuja y OBOM nepuogy onaxarba. Hewrto seha onaxarba
0,9vm ¥ 1,2mMm Ha penepuma 1 M 13 MoXxaa roBope O MEXaHWYKMM yAapuMma y penep y TOKY
MOHTaXe cKene.

MNocne ontepehiera ca KOHUETPUCAHWUM /IOKaNHUM TepeToM of 750Kr, Ha NIMTKOM CBOAY HMCY
3abenexere pecdopmauuje sehie og 0,6mm.

SAMOSTALNA CEONETSKA RABNJA
GEOPAJA
IVANOVIC PAUN PR
BEOGRAD, Tose Jovanov

Beorpaga, yH Maar?uh
19.2.2015.roguxe /%W é U%—
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KOTE PENEPA HA OBJEKTY

SAMOSTALNA ceonel
oP

B Cepwuja 0 Cepuja 1 " Pa3nuka
12.6.2014. 19.2.2015. 0-1(mm)
P1 100.3087 100.3073 <h -1.4
P2 100.2641 100.2633 -0.8
P3 100.3055 100.3050 -0.5
|| P4 100.3573 100.3569 -0.4
|| P5 100.2902 100.2896 -0.6
" P6 100.3160 100.3153 || -0.8
|L P7 100.3451 100.3449 -0.2
P8 100.3671 100.3665 -0.6
P9 100.3219 100.3215 -0.4
P10 100.3157 100.3160 -0.3
P11 100.2460 100.2450 -1.0
P12 100.2786 100.2785 -0.1
P13 100.3427 100.3436 +0.9
{SKA RADNJA




HaHowere ontephera y nosby 0.80x2.50 m
7x50=350 Kkr

12x25=300 Kr

2x80=160 Kr

YKYNHO 810 kr/2m2=405 Kr/m2



o Poorou: SKICA POLO@AJA REPERA
S.0. Po'arevac R:WQBO

S

*

S.G.R. "GEOPAUJA”
Po‘arevac tel. 011/323—38-29

19.2.2015.godine mob. 064/116—16—91




X{ SISTEM DC90

Research, Consulting, Engineering and Technology Transfer, EARETHQUAKE ENGINEERING INNOVATION CENTER BELGRADE,
E-mail: dc90@Eunet.rs, www.dc90.co.rs Smederevski put 67 11307 Beograd-Boleg, tel. +381 11 852 66 55 ; + 381 11 852 66 63, Labaratory, Smederevski put 67,
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IToBomoM 3aBplIeTKa pajioBa Ha CaHALMjU KOHCTpYKLHKje 1Koe, MiHoBanoHu LleHTap 3a cen3sMHUKO
WHXHUIEPCTBO U TpaHcdep texnonoruje Cucrem 1190, n.0.0., beorpan y capanmu ca
ExoHOMCKO-TproBUHCKOM HIKOJIOM, [ToxkapeBarl

CI'P3 ITaptenoH, Iloxkapean n

KBanpa kocantunr, [Toxxapeary

Opranu3syje cTpy4HO NMp/aBamke HA TEMY:

SJAHITUTA UCTOPUJCKUX OBJEKATA ,
KOHTPOJIA CUT'YPHOCTU U
HOBE TEXHOJIOT'UJE ITION3AIBA
CUI'YPHOCTU I'PABEBUHCKHUX
KOHCTPYKIINJA

Teme npegasaka Cy.

1. TexHonoruvje nogu3ara UHTErpuTeETa M OApXKaBaHa KOHCTPYKLUMja MAaCUBHUX 3UOAHNX
KOHCTpYKUMja, nocebHO nctopujckmnx objekaTa (NnpumeHa nocebHmx ypehaja,
npeaHanpesawe 1 ogpKaBare UHTerputeTa n ctTabunHocTm)

2. TexHonoruje TecTpawa amobunjeHTanHMm u NpuHyaHuM Bubpauujama 3a notpebe
ogphuBara AMHaMUYKMX KapakTepucTuka, ppekdeHumn, nepmoga n obnmka ocLmnoBama.

3. HoBu cuctemn macuBHmx angaHux 6e3ckeneTHMx cuctema noBULLIEHE CUTYPHOCTU Ha
norpece

4. TexHonoruvje npurywena Bubpaumnja og BeTpa u 3eMrboTpeca Kog BUCOKUT 3rpaga
npumeHoM nocebHUX cuctema KOHCTpyKuuja n ypehaja.

Kpo3 Teme 1 n 2 npukasahe ce epeKkTn akTUBHOCTU HA EKOHOMCKO-TProBUHCKO] LLKOMN Y

Moxapesuy.

MpepaBawa n npeseHTaunjy aktTuBHocTn obasuhe ap 3opaH MNeTpawkoBuh ca capagHUKOM 1
npojektaHtom >Kapkom lNeTpawkosuhem, gunn.vHr.rpalin. n Hag3o0pHUM OpraHoM Ha OBOM
npojekty CuHuwom Pagojunhem, gunn.mHx.rpaf).

Bpeme opxaBana ckyna je ytopak 24.03.2015. og 13 go 15 yacosa., y npoctopujama
LUKOne.

Aytop Cuctema A4L90

Op 3opaH lNMeTpawkosuh, aunn.uHx.rpah).

MEMBERS OF CONSORTIUM: SISTEM 90-Beograd, SISTEM-Beograd, PIRS-Beograd, RADIJUS-Mionica, GEO-TEST-Beograd, CPT-Beograd,, SIP-Sokobanja, Studio Petraskovi¢-Obrenovac
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