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Introduction

Upon request of MDF - AMENDMENT #1 of CONTRACT No: SUTIP2/C/QCBS/08-2015 - DRC has
carried out the monitoring of 9 buildings in Phonichala by Operational Modal Analysis to determine
their natural frequencies of vibration.

The monitoring was carried out from 1 April to 8 April.

Dynamic identification techniques provide a valuable knowledge of the dynamic behavior of
monitored structures for the assessment of safety conditions respect to external stimulations.
Operational Modal Analysis (OMA) permits to reconstruct the structural dynamics in the range of
small vibration amplitudes generated by unknown excitation inputs in real operating conditions.
Typical excitation forces are wind, traffic and any type of ground tremors of natural or artificial
origin. Such type of data processing “Output only” algorithms are the best option for online
monitoring system, to constantly monitor the vibrations of a structure, without the application of a
measurable (known) input to the system.

The objective of the present work is the determination of structural dynamic parameters (such as
natural frequencies, damping ratios and mode shapes) during the monitoring phase. The
measurements are performed with high sensitive piezoelectric sensors along the X and Y axes of the
buildings linked to automatic data acquisition and recording system.

The investigated structures are located in Phonichala distric, Tblisi(Figures 1 and 2. “Location of
buildings”).
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Bullding Mo. 1
L Address : Rutavi highway No. &
2 Total No. af Apartments : 40
3. Stories : 2F
1, Apymess i orpinon ares
5. Basements area | 988 m'
6 Total area : 2964 m'
7. Sail type of wrface : Fine Sods
B HWL{300 years) : 370.00m

Busilding ho. 2
1. Address : Rustavi highway No. 8
2. Total Ho. of Apsrtments : 44
3. Starles : 2F
* QRIS L aron e
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6 Tatad arwa : 2547 '
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B HWL{I00 years) : 369.40m

Budding e §
L. Address : Rustind highway No. 16 "AB"
2 Tatal No. of Apartmants : %0
3. Srorles | SF
* finm gt on o
5. Basements ares - 1S3 o7
. Tatal orwa : 9,918 m
7, Soil type of surface | Fine Sois
£ HWAI300 years) : 368.74m

e s
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Buiding Ho. 7
1. Address : Rutavl highway Mo, 10
2. Stories : 2F
e L
A Basements area : 793 m
5. Total area 1 2370w’

Busding No. i
1. Address : Butai higheay Mo 12
2. Staries : 2F
A, Basemants aeea : 912 m'
5. Tutal area : 2.736

Building No. 3
L. Address ; Rutavi highway No. 124
2. Stories - 5F
e
A, Basernents ares : 996 m'
5, Total area : 5,976 m'

Building No. 10
1. Address : Rutavi highway No. 14
2. Stories : IF
* (R S e
A Basements srea : 763 m'
5, Ttal arva | 1,052
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Fig. 1 Location of studied buildings
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Fig. 2. Location of studied buildings
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Ambient Vibration Surveys (AVS)

Dynamic Identification approach

The methodology applied in the monitoring belongs to the family of non-destructive test, having no
interaction with the structure of the building. It implies the acquisition of signals by high sensitive
accelerometers fixed in several selected points of the monitored building; the output data are
sampled at the same time interval. The control unit permits the high precision time synchronization
of data collections among the sensors, a condition that is absolutely necessary for the further
correct processing needed to extract the frequencies.

Data are acquired with ata sample rate of 1.000Hz for a minimum of 30 min per measurement.
Measurements are performed at several floors of the monitored building with sensors at the
opposite corners and oriented along the X, main axis , and Y shorter axis of the building. By that it is
possible to obtain the translational and torsion modes of the structure.

The method used in this application works is in time domain, and it is based on a state-space
description of the dynamic problem using the Covariance Stochastic Subspace Identification (SSI-
Cov) algorithm. Using this algorithm the modal parameters (frequencies, mode shapes and damping
ratios) can be extracted. The measurements are performed at several floors of each monitored
building.

The collected measurements are originally sampled at 1.000Hz. They were reduced by a factor of
20 before processing to have the final data of 50 Sample per Second (SPS).

The duration of data recording varied between thirty minutes and one hour to minimize the
influence of possible non-stochastic excitations (random noise or random peaks) that may occur
during the test. This procedure was used for each AVS.

Standards

Measurements were performed according to the following standards:
- ISO/FDIS 4866 — “Mechanical vibration and shock, Vibration of fixed structures, Guidelines

for the measurement of vibrations and evaluation of their effectson structures”;
Equipment

A wired sensor network composed of the following elements was used:
- piezoelectric sensors (Integrated Electronic Piezoelectric - IEPE) KS48C-MMF with voltage

sensitivity of 1V/g and measurement range of +6g. (calibration certificates dated about 40 days
before the test)

- digital recorder (DaTa500) composed by a24-bitDigital Signal Processor (DSP),ananalog anti-
aliasing filter andahigh-frequency acquisition range (0.2Hz to 200kHz).
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KB12 KB12VD KS48C
Output Charge IEPE 1EPE
Piezo Design Bender Bender Shear
Charge Sensitivity B, 6500+20% - - pC/g
Voltage Sensitivity Bua - 10 000£10%™ 10 000+5% ™ mV/g
Range A,/ a +3 10,6 +6 g
Destruction limit - — 200 200 1000 g
Linear Frequency Range fn 260 0,08.. 260 0,1..4000 Hz
from 160 0,16.. 160 0,2 ..2600 Hz
fson 130 0,25.. 130 0,3 .. 2000 Hz
Resonant Frequency f, >0,35(+15dB) >0,35(+15dB) >7 (+25dB) kHz
Noise Densities 0,1Hz a,, - 0,3 1 ng/VHz
1 Hza, - 0,06 0,6 ug/vVHz
10 Hz a,, - 0,03 0,1 wg/VHz
100Hz a,, - 0,06 ug/VHz
Costant Current Supply T const - 2..20 2..20 mA
Output impedance (Ion: = 4mA) Fout - < 130 <130 Q
Operating Temperature Range Ten/ Tonax -20/80 -20/80 -20/120 °C
Temperature Transient Sensitivity b, 0,01 0,002 0,0005 ms2/K
Acoustic Noise Sensitivity b, 0,1 0,1 ms2/kPa
Weight (no cable) m 150/5,3 150/5,3 165/5,8 g/oz
Mounting Thread M5/M10 M5/M10 M8
Case Material Alluminio Alluminio Acciaio INOX

Image 1 — Sensor Accelerometer



univpm

dipartimento ingegneria
il edle © arcEttur

3

Diagnostic Research Company

Non Destructive Tesling

Ambient Vibration Survey and dynamic identification Phonichala, Thilisi Pag 12 di 163

Dati Tecnici Ganerall Caratteristiche Dinamiche
Numero Canali 8 Canali simultanei Rumore Segnale @fs<1000Hz <-100 dB
Segnali Misurabili Tensione, Ponte Intero (IEPE, Charge, Crosstalk <-100 dB
Termocoppie e RTD /adattatore MSI
Risoluzione 24 bit LIV
ADC tipo Sigma - Delta Temperatura 0te50°C
Operativa
Frequenza Acquisizione 10 to 200 000 Hz 204.8 kS/s :
Temperatura -20to0 70 °C
Input Range Voltage +0,01V, 0,1V, #1V, £10V, Storage
Voltage via adattatore M5 Umidita Relativa 10to 90%
Pante Intero 10 mV/V, 100 mV/V, $1000 Vibrazione MIL-STD 810F 516.5
m\V/V
Shock - Urte MIL-STD B10F 516.5
Half bridge
N Dimensioni
IEPE—MSI adapter #0,1 V, +1V, 10 " S
Dimensioni 223 x 78 x 45mm
Termocoppie (-200°C a 1000°Cedala P 0.73 K
6.5kOhm) hais i
DC Accuracy 10V range: 0,1% del valore, +1 mV Consumi
1V range: 0,1% del valore, +0,5 mV Consumao tipico sw
100mV range: 0,1 del valore, +0.1 mV —_— S
10mV range: 0.1% del valore, +0.1 mV asslwu A,
sensori
Tensione Sensori +5 V 0.1% @ 100mA, 12V@400mA per .
% Requisiti Sistema
singolo canale
Protezione Sovraccarico +0 70V ntgriacci 5820
Sistema Operativo Windows XP, Vista, 7
Sistemna - Hardware PC completo di software DeVsoft

Image 2 Data Acquisition system



DRC

Diagnostic Research Company

Non Destructive Tesling

Ambient Vibration Survey and dynamic identification

Phonichala, Thilisi

- RG58 coaxial cableslinkfrom ccelerometers to recorder;

- M28 and M32 signal conditioners with frequency range of 0.1 to 100kHz and adjustable e gain.

Input

IEPE—BNC connettore

IEPE Sensors Alimentazione

Shear

Indicazione Stato sensore

Tre Indicazioni LED: circuito aperto=off ; OK=giallo; Corto Circuito=rosso

Guadagno

1+0,5%

1/10/100 £ 1% typ; + 2% max

Livello Output

>+10,, (in funzione del sensore)

>+ 10,

Rumore Output

<1 UV 4(2 .. 25kHz)
<1pv,,(2..25kHz)

<1mV,(1..50kHz)
<1mV,_(1..50kHz)

Frequency Range (-3dB)

0,1 Hz .. 100 kHz

0,1 Hz .. 30kHz

Filtro Low Pass

Modello Plug-in serie FB2*

Tipologia Filtro

4 poli, butterWorth >70dB

Alimentazione

5..26 VDC / 100mA

5..26 VDC / 200mA

Connettore Alimentazione

DIN 453232 circolare—bananaplug

Range Temperatura

-10 ..

55 °C, 95% Umidita relativa

Dimensioni 33x59x44 mm? 56x59x44 mm:
Peso 120g 1709
Accessori 2 banana plug filettati

Accessori - Opzionali

FB2 Modulo Filtro Low Pass (30Hz)
M28/32 DIN adattatore Barra DIN
PS500 Alimentatore 500mA
PS1600 Alimentatore 1,6A

Assemblato M32—M28

Image 3 — Signal conditioner
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Estimation of the structural dynamic parameters

Estimation of structural modes is donethrough“stabilization diagrams”showing the alignments of
stable poles, for increasing model orders.

The method used in the presented application works is in time domain, and it is based on a state-
space description of the dynamic problem using the Covariance Stochastic Subspace Identification
(SSI-Cov) algorithm. In fact, the second order problem, stated by the differential equation of motion,
is converted into two first order problems, defined by the so-called “state equation” and
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“observation equation.” Such equations, in the output-only case, can be written as follows for the
generic discrete time instant t = kAt, where At is the sampling period and k € N:

(a1} = [AHx} + {wi} (1)
i} = [Clxd + (v} (2)

where {x;} = {x(k4t)} is the discrete time state vector yielding the sampled displacement and
velocities, {y,} is the sampled output, [4] is the discrete state matrix, [C] is the discrete output
matrix, {w;} is the “processed noise” due to disturbances and model inaccuracies, {v,} is the
“measurement noise” due to sensor inaccuracy. These vector signals are both immeasurable.

Once the state space model has been constructed, the modal parameters (frequencies and damping
ratios) can be extracted by the Eigen-decomposition of the system matrix [A4].

Natural frequencies are, then, obtained from the complex modules of the continuous-time poles as:

|26
=%
while damping ratios are given by:
_ Re(AC])
1 (ch)

The mode shapes ¢; at the sensor locations are observed parts of the system eigenvectors W
and are obtained using the observation equation

¢ =CY¥Y

In conclusion the modal parameters w;,¢;,and ¢; can be extracted analytically from the
identified system matrices [4], [C].

A modal parameter extractor developed in Labview programming language carried out data
processing. It can perform analyses in time domain according to the SSI-Cov procedure mentioned
before.

Estimation of structural modes is done through “stabilization diagrams” that show the alignments
of stable poles, for increasing model orders. It also allows the determination of the “n” eigenvectors
of dynamic matrix [A] which completely describes the structural parameters.

The points in red indicate the negative result of the stability test and the points in green indicate
the positive results: because the natural modes show the intrinsic characteristics of the structure,
they are invariant to the process and the order of the NM. By that it is possible to isolate the natural
modes from the numerical ones by increasing the order of the model and checking the stability of
the results.

The stability of a pole is defined as follows:

rtimento ingeg
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- the estimated frequency is considered stable if it does not change more than 2%;

- the damping for different orders should not be deviated more than 10%;

- the modal shape obtained by a certain order is compared with the same achieved by a minor
order by Modal Assurance Criterion (MAC) that must be at least equal to 90%.

After this step, consistency checks permit the discrimination between structural modes and
spurious frequencies. Candidate modes are selected according to an identification process based
scientific bibliography and according to relevant method of best practice. Frequencies associated
with a damping ratio higher than 10% are not considered.

Results of the dynamic identification for each building are presented in the following chapters.



£
Eagnuétif: F?I:ese‘a;l:h (T;@any
Ambient Vibration Survey and dynamic identification Phonichala, Thilisi Pag 16 di 163

BUILDING 2

TYPICAL PLAN

=]

Il _mmmmmmm@mmmmmmm

Image 4 : building n.2
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SENSORS LAYOUT

== [ T S .

Image 5 : sensors layout
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Images 6 and 7 : sensors
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Ambient Vibration Survey and dynamic identification

Image 8. Sensors
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ACQUISITION OF TIME HISTORIES

Nome file esportazione: BUILD2 ACQ1_02 FFT_FILTRO.dxd
Data: 01/04/17; Tempo: 12:11:21; mostra ora = 00:40:14
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

155

Model Order
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Image 12 Modal identification results
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6.69Hz - Torsional

Frequency (Hz) 6 681
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Mode2
7.28Hz — Traslational X

Frequency (Hz). 7.276
Damping (%) 3638

Images 13 and 14.

Modal shapes
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Mode3
7.73Hz — Traslational Y

Frequency (Hz). 7 727
Damping (%) 3.012

Mode4

Frequency (Hz); B 483
Damping (%) 2.182

8.48Hz — Torsional

Images 15 and 16 Modal shapes
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SENSORS LAYOUT
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Images 19 and 20 sensors



® — =
T
Diagnostic Research Company
Nomn Destruclive Tesling
Phonichala, Thilisi Pag 30 di 163

Ambient Vibration Survey and dynamic identification

Images 21 and 22 sensors
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FREQUENCY CONTENT OF THE SIGNALS
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

Model Order
@
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o 500m ¥ 1.5 2 2.5 3 35 q 45 5 5.5 6 6.5 7 2.5 8 8.5 9 9.5 10 10.5 11 11.5 12 12.5

Freguency (Hz)

Mode n. Frequency (Hz) Damping (%)
1 1.891 0.8366
2 2.005 0.9376
3 3.282 0.8992

4 5.77 2.966

Image 17. Modul idenfication result
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Mode Shapes

Model
1.891Hz - Torsional

Frequency (Hz): 1.891
Damping (%): 0.8366

Mode2
2.005Hz — Traslational X

Frequency (Hz): 2.005
Damping (%): 0.9376

Images 18 and 19. Modal shapes
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Ambient Vibration Survey and dynamic identification

Mode3

3.282Hz — Traslational Y

Frequency (Hz): 3.282
Damping (%): 0.8992

AKX

7

Mode4
5.77Hz - Traslational X

Frequency (Hz): 5.77
Damping (%): 2.966

Images 20 and 21. Modal shapes
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BUILDING 4
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Ambient Vibration Survey and dynamic identification

SENSORS LAYOUT

ROOF
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X1 | Y3
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Images 23 and 24. Sensors and data acquisition system
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Images 27, 28 and 29. sensors
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FREQUENCY CONTENT OF THE SIGNALS

Nome file esportazione: build4 acq1_process_cut.dxd |
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Image 31. Frequency content result
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

145

Mode! Order

]
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Frequency (Hz)
1 [+)
Mode Number Frequency (Hz) Damping (%)

1 1.747 0.75
2 2.096 1.2
3 2.953 0.74

4 5.455 1.192

Images 33. Modal identification result
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Mode Shapes

Model
1.747Hz - Torsional
MODAL SHAPES

Time (sec): 0.84

Wz

Mode2
2.096Hz — Traslational Y

Time (sec): 0.84

Images 34 and 35. Modal shapes
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Mode3
2.953Hz — Traslational Y

Time (sec): 0.84

="

Mode4
5.455Hz — Traslational X

z]‘ 523
Damping (%) 2.892

Images 36 and 37. Modal shapes
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Ambient Vibration Survey and dynamic identification

BUILDING 5

Building 5 is composed by three different blocks, separated by a sismic joint. Each block is

disconnetted, so three different monitoring were necessary.

BLOCK 5C
BLOCK 5B
BLOCK 5A I— '
» . 8 —
TTH [l E e

I_ 2o bl [EEL " — 2 1
— L _}"‘tﬂl’ et bl g =] J“'E?
el e T ]

T

Image 38. Building n. 5
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BLOCK 5A
SENSORS LAYOUT
5™ FLOOR
Y3
Y1l
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X4
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Y2 X2

Image 39. Planimetry building n.5A
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Ambient Vibration Survey and dynamic identification

Images 40 and 41. Sensor and data acquisition system
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Images 42, 43 and 44. sensors
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Image 45. Time histories
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FREQUENCY CONTENT OF THE SIGNALS

x1cop/liR filter/ AmplFFT; (]
3.0E-4 0.001 JA4E-T 2.8E-5 5.1E-5

yicop/liR filter/AmpIFFT; []

3.9E-7

B.OE-5 1.6E-4

y2ZpIR filted AmpIFFT: [}

3.3E-7

Nome file esportazione: BUILDSA_FFT_FILTRO.dxd
Data: 05/04/17; Tempo: 14:07.01

FFT (df = 0.02 Hz)

1
L.
2 3
020 236 400 564 728 B92 1070 1262 1454 1648 1842 2036 2228 2422 26.16 30.00
FFT (df = 0.02 Hz)

£
A | " g

020 236 400 564 728 892 1070 1262 1454 1648 1842 2036 2228 2422 26.16 30.00

FFT (df = 0,02 Hz)

Freq [Hz]

000 216 380 544 708 B72 1052 1246 1440 1634 1828 2022 2216 2410 2604 27.9830.00

FFT (df = 0.02 Hz)

Freq [Hz]

020 236 400 564 728 892 1070 1262 1454 1648 1842 2036 2228 2422 26.16 30.00

Image 46. Frequency content
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Nome file esportazione: BUILDSA_FFT_FILTRO.dxd
Data: 05/04/17; Tempo: 14:07:01

x4p3/lIR filter/AmpIFFT; [] y3cop/IIR filter/AmpIFFT; [] x3cop/lIR filter/AmplFFT; []

y4p3/IIR filter/AmpIFFT; [

7.9E-5 1.6E-4

4.0E-7

7.4E-5 1.5E-4

31E-7

3.0E-5 5.9E-5

2.5E-7

8.4E-5 1.7E-4

2.6E-7

FFT (df = 0.02 Hz)

1
!
2 | =
)
£
0.20 236 400 564 728 892 1070 1262 1454 1648 1842 2036 2228 2422 26.16 30.00
FFT (df = 0.02 Hz)
I
o
2
w
020 164 274 382 492 602 710 820 928 1046 1174 13.02 1430 1558 16.86 18.14 20.00
FFT (df = 0.02 Hz)
1
w
L
]
0.20 236 400 564 728 892 1070 1262 1454 1648 1842 2036 2228 2422 26.16 30.00
FFT (df = 0.02 Hz)
N
=
o
_LA.___“E
w

020 164 274 382 492 602 710 820 928 1046 1174 13.02 1430 1558 16.86 1814 20.00

Images 47. Frequency content
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

155
150-|

110

Model Order
@
2
I

Tl e il A s e s e e il il it il b el e e i s i i il it Bl Al sl i s il i B i i sl il i
0 250m 750m 1 12515175 2 22525275 3 3.253.53.75 4 42545475 5 52555575 6 6.256.56.75 7 7.257.57.75 B 8.25858.75 9 9.259.59.75 10 10.210.510.8 11 11.211.5 12 12.212.5 13

Fraaeney 19
Mode n. Frequency (Hz) Damping (%)

1 3.19 3.764

2 4.56 1.317

3 4.71 2.011

4 5.54 4.201

Image 48. Modal identification result
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Ambient Vibration Survey and dynamic identification
Mode Shapes

Model
3.19Hz - Traslational X

Frequency (Hz): 3.183
Damping (%) 3.764

Mode2
4.56Hz — Traslational Y

Frequency (Hz): 4 557
Damping (%) 1317

Images 49. Modal shapes
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Ambient Vibration Survey and dynamic identification

Mode3

4.71Hz - Torsional
Frequency (Hz): 4.713

Damping (%) 2011

Mode4
5.54Hz — Torsional

Frequency (Hz). 5.541
Damping (%) 4.201

Image 50. Modal shapes
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BLOCK 5B
SENSORS LAYOUT
5™ FLOOR X4
Y4
Y1l
3t FLOOR
Y3
X3
Y2

Image 51. Building n.5B - planimetry
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Images 52 and 53. Sensors and data acquisition system
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Images 54, 55 and 56. sensors
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ACQUISITION OF TIME HISTORIES

Nome file esportazione: BUILD_58 FFT_FILTRO.dxd |
Data: 06/04/17; Tempo: 08:53:59; mostra ora = 00:30:15

BING.

_SIADUILD_SB FET_FILTRO. Gt

10000

x1cop [m/s2]

99.994 -100.01

*x2p3 [mis2] ylcop [mis2]
99.986 -100.008

9 -100.014

x3p4 [mis2]

100 -100.003  99.997 1000

I -

y3pd [mis2)

100 -100

xdcop (m/s2)
99,988 -100

ydcop [mis2]

100.012

\\
|| s
/5
‘{I\Ilr L | ol L o | Lo
| ™ \ TR RS i | L "
— 5
IS
—i'. s Eade s st RS ey i d ’\
_5""\ N | !
[ ,.S—.' |
pic i
\ )
81 i
‘gi | i |
2 i
fd i

0.118-0.009

i

[
0.098-0.082

i H
08:22.136 15:56.059 31:02.905 £

Image 57. Time histories
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FREQUENCY CONTENT OF THE SIGNALS

MNome file esportazione: BUILD_58 FFT_FILTRO.dxd .
Data: 06/04/17; Tempo: 08:53:58

FFT (df = 0.08 Hz)

B.9E-5

.

4.5E-5

*3p4/IIR filter/AmplFFT; ]

Freq [Hz]

11E6

020 236 404 572 740 908 1091 1289 1488 1686 1884 2083 2281 2479 2678 30.00

£ FFT (df = 0.08 Hz)

y3pd/lIR fitter/AmplFFT; []
4.4E-5 B.BE-5

Freq [Hz]

020 236 404 572 740 5.08 1081 1289 1488 1686 16884 2083 2281 2479 2678 30.00

FET (df = 0.08 Hz)

1.3E4

L

x4cop/liR filer/AmplFFT; []
6.7E-5

Freq [Hz]

21E-6

020 236 404 572 740 908 1081 12895 1488 1686 1884 2083 2281 2479 2678 30.00

% FFT (df = 0.08 Hz)

1.3E4

=
L
[
i1
E
< W

yacop/lIR

Fraq [Hz]

1.8E-6

020 236 404 572 740 908 1081 1289 1488 1686 16884 2083 2281 2479 2678 30.00

Image 58. Frequency content
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Nome file esportazione: BUILD_5B FFT_FILTRO.dxd [

Data: 06/04/17; Tempo: 08:53:59 |

FFT (df = 0.08 Hz)

1.2E4

6.0E-5

x1cop/lIR filter/AmpIFFT; ]

1.7E-6

FFT (df = 0.08 Hz)

1.7E-4

yicop/lIR filter/AmplFFT; [1
8.6E-5

FFT (df = 0.08 Hz)

8.6E-5

x2p3/IR filter/AmpIFFT; [
4.4E-5

1.6E-6

FFT (df = 0.08 Hz)

1.1E4

@ R

y2p3/IIR filter/AmplFFT; []
5.6E-5

1.6E-6

2
?
g

020 236 404 572 740 9.08 1091 1289 1488 1686 1884 2083 2281 2479 26,78 30.00

M

020 236 404 572 740 908 1091 1289 1488 1686 1884 2083 2281 2479 26.78 30.00

020 236 404 572 740 908 1091 1289 1488 1686 1884 2083 2281 2479 2678 30.00

020 236 404 572 740 908 1091 1289 1488 1686 1884 2083 2281 2479 26.78 30.00

Image 59. Frequency content
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

155
150

110+

100 -}

90|

80 -]

Model Order
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¢ 0
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i 1 4]
w-  ° g P g é

&l

felimniisin bl iiaiisniidiodbediesli booilislizsimdiomii it felirafllinlimsisdiaibaliniegibiieila i bomiatitiae il Bopii i oo
750m 1 12515175 2 22525275 3 3.253.53.75 4 42545475 § 52555575 6 6.256.56.75 7 7257.57.75 B 8.258.58.75 0 9.259.59.75 10 10.210.510.8 11 11.211.5 12 12.212.5 13
Freguency (Hz)

0_\ I
0 250m

Mode n. Frequency (Hz) Damping (%)
1 2.98 0.3577

2 4.53 1.476

3 4.75 1.408

4 6.63 0.815

Images 60. Modal identification result
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Mode Shapes

Model
2.98Hz — Traslational X

Frequency (Hz). 2 978
Damping (%), 0.35717

Mode2
4.53Hz —Torsional

Fraquency (Hz): 4 527
Damping (%) 1476

\

Image 61. Modal shapes
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Ambient Vibration Survey and dynamic identification

Mode3
4.75Hz —Traslational Y

Frequency (Hz) 4 748
Damping (%) 1.408

Mode4

6.63Hz —Torsional
Frequency (Hz): 6 629

Damping (%). 0.815

Image 62. Modal shapes
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BLOCK 5B_ADDED BLOCKS

In addition to its core structure as built originally, Building 5 includes several additions loosely
attached to the main structure. For this reason further investigations were necessary, monitoring
in the same time the original structure and the additions in order to catch the relative mode shapes.

BEEBEEBEH
EEBEE
EEEBHBEE
BEEBEBEH
EEEBBE
EEBHEHE

R L

Image 63. Building 5 — added blocks
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X3
| |
1 X2
2
] Y3
Y2 A 4
——
Y1l
X1
X4
Y4
A 4

Image 64. Planimetry and sensors on added parts
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ACQUISITION OF TIME HISTORIES

Mome file esportazione: build5b_addiction acq2_cut.dxd
Data: 06/04/2017; Tempo: 11.46.11; mostra ora = 00:17:41
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Image 67. Time histories
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FREQUENCY CONTENT OF THE SIGNALS

Nome file esportazione: buildSb_addiction acq2_cut.dxd
Data: 06/04/2017; Tempo: 11.46.11
FFT (df = 0.02 Hz)
) 1
=
o
™
&
E
T
g 0
8
L ¥
g
E il I | al e ek e I

020 220 372 524 676 828 980 1146 1326 1506 1686 1866 2046 2226 24.06 2586 27.66 30.00

1 FFT (df = 0,02 Hz)

5.6E-5

y1cop/AmplFFT, [mis2]
2.9E-5

020 220 372 524 676 828 980 1146 1326 1506 1686 1866 2046 2226 24.06 2586 27.66 30.00

Freq [Hz]

3.3E-6

FFT (df = 0.02 Hz)

SN

Zz
®

Freg [Hz]

I 1 II- Ll . I
T T

020 220 372 524 676 828 980 1146 1326 1506 1686 1866 2046 22.26 24.06 2588 27.66 30.00

FFT (df = 0.02 Hz)

9.7E-5

5.3E-5

y2add/AmpIFFT; [mis2]

Freq [Hz]

8.3E-6

050 248 398 548 7.00 850 1014 11982 1370 1548 1726 19.04 2082 2260 24.38 26.16 27.94 30.00

Image 68. Frequency content
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Nome file esportazione: build5b_addiction acgq2_cut.dxd
Data: 06/04/2017; Tempo: 11.46.11

FFT (df = 0.02 Hz)

0
w 1
; L ]
&
E
Ew
oW
anN
E <
<
o
b= 2 ‘ !

8 4 o . . ol Do | g
TS NGO T T T —
w il ‘ i ' =
£“mlllim||m.m i il mﬁﬂﬁnﬂlﬂﬁ'ﬂlﬁiﬂlﬂ'ﬂ I | ml"lm ﬂl mﬂluliﬂlllﬂlllllﬂlmd;
020 224 378 534 690 846 1014 1198 13.80 1564 1748 19.30 21.14 2298 24.80 26.64 30.00

1 FFT (df = 0.02 Hz)
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<t
)
E
lfu?'
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g 30
<
% i
b ‘ : [ _
> il N
i el ' J ol 2
w ‘ ] ’ iy f - ’ o
10t ..o i mamE
020 224 378 534 690 8.46 1014 1198 13.80 1564 17.48 19.30 21.14 2298 24.80 26.64 30.00
FFT (df = 0.02 Hz)
w
w 1
o) ®
g 2
£ .
Lo
W
o<
£ <
<
3 3
3 \ (8 - |
X | | |11 ek w
“" | i ;
W i o
Ny \mm D e
020 224 378 534 690 846 10.14 1198 13.80 1564 17.48 10.30 21.14 2298 24.80 26.64 30.00
1 FFT (df = 0.02 Hz)
©
-
<t
5 2
E
Eo ‘
T
Eni 3 [ |
% ] ‘
g i ! ‘
; Il (M [h

10.34

0.50 2.52 4.06 5.60 7.14 8.68 12.16 13.98 15.80 17.52

19_44 21.26 23.08 24.90 26.72

Image 69. Frequency content
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MODAL IDENTIFICATION RESULTS

Stabilization diagram
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Frequency (Hz)

Frequency (Hz) Damping (%)

3.05

4.547

4.806

6.85

1.771
1.613
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Image 70. Modal identification result
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Mode Shapes

Model
3.05Hz - Traslational X (original structure)

Mode2

L
L1
4.54Hz - Traslational X (added block)

Frequency (Hz): 4.547

Damping (%): 1.613
—
/%

k1Y

!

Image 71. Modal shapes



DRC

— E_
I 2z
£
m ; 2
L F
Diagnostic Research Compan

Non Destructive Tesling

Ambient Vibration Survey and dynamic identification Phonichala, Thilisi Pag 78 di 163

Mode3
4.80Hz — Traslational Y

Frequency (Hz): 4.806
Damping (%): 2.024

\

IR

Mode4
6.85Hz — Torsional

_—

E, v

Image 72. Modal shapes
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Y1l

X1

Image 73. Block 5C planimetry

X2




univpm

dipartimento ingegneria
il edle © arcEttur

3

Diagnutic Research Company

Non Destructive Tesling

Phonichala, Thilisi Pag 80 di 163

Ambient Vibration Survey and dynamic identification

Images 74 and 75. Sensors and data acquisition system
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Images 76, 77 and 78. sensors
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ACQUISITION OF TIME HISTORIES

Nome file esportazione: buildSc_acq1 grwsssed_u.ﬂ_pnrhdunm |
‘ Data: 06/04/17; Tempo: 12:58:34; mostra ora = 00:35:50 |

10000
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x3cop [mis2]

100
04220706

¥4p3 [mis2]
)

100 -100
0.133-0,078
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00
0109 .

01:35.282 10:32.856 19:30.431 28:28.008 37:25.581

t[s]

Image 79. Time histories
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FREQUENCY CONTENT OF THE SIGNALS

Nome file esportazione: build5c_acqi_processed cut_perfede.dxd
Data: 06/04/17; Tempo: 12:58:34

FFT (df = 0.08 Hz)

|

020 236 404 572 740 508 1081 1289 1488 1686 1884 2083 2281 2478 2678 30.00

! FFT (df = 0.08 Hz)

2.7TE4

yicop/iR filte/AmplFFT; []
1.3E-4

3

020 236 4.04 572 740 9.08 1091 1289 1488 1686 1884 2083 2281 2479 2678 30.00

FFT (df = 0.08 Hz)

10,91 1289 1488 1686 1884 2083 2281 2479 2678 30.00
FFT (df = 0.08 Hz)

020 236 404 572 740 908 1091 1289 1488 1686 1884 2083 2281 2479 2678 30.00

Image 80. Frequency contents
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Nome file esportazione: build5¢c_acq1_processed_cut_perfede.dxd
Data: 06/04/17; Tempo: 12:58:34

x4p3/1IR filter/AmplFFT; [] y3cop/IIR filter/AmpIFFT; [] x3cop/lIR filter/AmplFFT; []

y4p3/IIR filter/AmpIFFT; I

6.1E-5 1.2E4

29E-6

5.5E-5 1.1E-4

2.9E-6

3.2E-5 6.3E-5

2.1E-6

5.7E-5 1.1E-4

2.0E-6

FFT (df = 0.08 Hz)

w
L
g
w

020 236 404 572 7.40 908 1091 1289 1488 1686 1884 2083 2281 2479 2678  30.00

1 2 _
. FFT (df = 0.08 Hz)

&
o
2
w

020 236 404 572 7.40 908 1091 1289 14.88 1686 18.84 20.83 2281 2479 2678  30.00

FFT (df = 0.08 Hz)

020 236 404 572 740 908 1091 1289 1488 1686 1884 2083 2281 2479 2678 30.00

FFT (df = 0.08 Hz)

Freq [Hz]

020 236 404 572 740 908

10.91 1289 1488 1686 1884 2083 2281 2479 26.78 30.00

Image 81. Frequency contents
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MODAL IDENTIFICATION RESULTS

Stabilization diagram
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Frequency (Hz) Damping (%)
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Image 82. Modal identification result
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Ambient Vibration Survey and dynamic identification

Mode Shapes

Model
3.05Hz - Traslational X

Frequency (Hz): 3523
Damping (%) 2.465

Mode2
4.52Hz — Traslational Y

Frequency (Hz). 4 512
Damping (%) 1258

Images 83 and 84. Modal shapes
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Mode3
4.86Hz — Torsional

Frequency (Hz): 4 B57
Damping (%) 1519

Mode4
5.68Hz —-Torsional

Frequency (Hz): 5.679
Damping (%) 3723

Image 85. Modal shapes
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BLOCK 5C_ADDED COMPONENTS (ADDITIONS)

Building 5 includes several additions loosely attached to the main structure. For this reason further
investigations were necessary, monitoring in the same time the original structure and the additional
buildings in order to catch the relative mode shapes.

mmEmIﬁ mﬁmma]‘ﬂlﬂﬂﬂﬂﬂmr;*ﬂamnnnnmﬁ = o
0o [ o mm o T g 0 Om o g 00O
0o D i g I Dmm iy T
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Image 86. Block 5C added parts
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Images 86, 87 and 88. Sensors layout and sensors
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ACQUISITION OF TIME HISTORIES

Phonichala, Thilisi
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Nome file esportazione: build5c,
Data: 06/04/2017; Tempa:

dxd
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Image 89. Time histories
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FREQUENCY CONTENT OF THE SIGNALS
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Data: 06/04/2017;

Nome fle esportazione: buldSc_addiction_acaq{, processed.dxd
[=]

FFT (df = 0,02 Hz)

5.8E-5

x1cop/AmplFFT,; [m/s2]
3.4E-5

1.1E-5

070 270 422 576 728 B.80 1046 1226 1406 1586 1766 1946 2126 2306 2486 2666
FFT (df = 0,02 Hz)

1.4E-4

7.6E-5

y1cop/AmplFFT, [m/s2]

1.2E-5

| | PO 11114111817 T { il R il
020 224 378 534 690 846 1014 11.98 13.80 1564 1748 1930 2114 2298 2480 26864

FFT (df = 0,02 Hz)

pIFFT, [mi/s2]

3

s i

?

020 224 378 534 690 846 1014 1198 1380 1564 1748 1930 2114 2298 2480 2664

1
.

8.3E-5

4.3E-5

y2p3/AmplFFT; [m/s2]

3.9E-6

040 242 396 550 7.04 858 1026 12.08 13.90 1572 17.54 1936 21.18 2300 2482 26.64

Image 90. Frequency contents
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Nome file esportazione: build5¢c_addiction_acq1_processed.dxd
Data: 06/04/2017; Tempo: 14.00.32

FFT (df = 0,02 Hz)
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[32]
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9.1E-6

020 224 378 534 690 846 1014 1198 1380 1564 1748 1930 21. 14 2298 2480 2664

9 FFT (df = 0,02 Hz)

1.2E-4

6.4E-5

y4p3/AmplFFT; [m/s2]

5.7E-6

Image 91. Frequency contents
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

165

Mode! Order

] ' I
a 500m 1 15 2

' ' ' ' ' ' ' | I ' '
3.5 4 4.5 &5 (3 8.5 7 7.5 B 8.5 9 9.5 10 10.5 1

Frequency (Hz)

Frequency (Hz) Damping (%)
3.104 0.05

4.514 1.288

4.884 1.778

5.788 3.147

Image 92. Modal identification result
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Mode Shapes
Model
3.104Hz - Traslational X (original structure)

4.514Hz — Traslational Y(added block)

Frequency (Hz): 4.514
Damping (%): 1.288

Images 93 and 94. Modal shapes
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Mode3
4.884Hz — Torsional

Frequency (Hz): 4.884
Damping (%): 1.778

Mode4
5.78Hz — Torsional

lime (sec). 586.2

Y

\

I\

Image 95. Modal shapes
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BUILDING 6

TYPICAL PLAN
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Image 96. Building n.6
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Image 97. Sensors layout
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Images 98 and 99. Sensors and data acquisition system
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Images 100, 101 and 102. sensors
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ACQUISITION OF TIME HISTORIES
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Nome file

ione: buildé acq1_01_processed CUT.dxd

esportazion
Data: 03/04/17; Tempo: 10:10:58; mostra ora = 00:36:32

010

00040705

100 100

ytcop (mis2]
L

19‘6_[-‘.!39_

x2cop [mis2]
|

[.

100 -100

y2cop [m/s2)

100 -100

%3p2 [mis2]
100 -100

¥3p2 [mis2]

100 -100

x4p3 [m/s2]

y4p3 [mis2)

3|

" _

7

b=
' n "

v

'si

&

/s

=7 i

= _ {
.-'I o |
..I 5 |

\2

=7

-]

e o o Para— |
Sty > T 4

=

B
.'! =

e e e SR o ~4 -

\. :

\S

o

uw

8

..I D
w0

]

? |

14:29.245 23:37 444 32:45644 41:53.843 51:02.042

Image 103. Time histories
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FREQUENCY CONTENT OF THE SIGNALS

Nome file esportazione: buildé acq1_01_processed CUT.dxd
Data: 03/04/17; Tempo: 10:10:55

FFT {df = 0.02 Hz)

T
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Image 104. Frequency content
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Nome file esportazione: build6 acq1_01_processed CUT.dxd
Data: 03/04/17; Tempo: 10:10:55

x2cop/lIR filter/ AmpIFFT; ] ylcop/IIR filter/AmplFFT; ] x1cop/lIR filter/AmpIFET: []

y2cop/liR filter/AmplFFT; 1

1.1E-4

%

-5

3.8E-5 7.6E-5 1.9E-9 4.8E-5 9.6E-5 2.0E-8 5.3E-5 1.1E-4 3.0E-8 5.4E

2.3E-9

FFT (df = 0.02 Hz)

050 264 426 588 7.50 912 10.88 1278 14.68 1660 1852 2044 2236 2428 26.20 30.00

2 FFT (df = 0.02 Hz)

1

3
4
050 264 426 588 7.50 912 10.88 1278 14.68 1660 1852 2044 2236 2428 2620 30.00
FFT (df = 0.02 Hz)

h 2

050 264 426 588 7.50 912 10.88 1278 14.68 1660 1852 2044 2236 2428 26.20 30.00

FFT (df = 0.02 Hz)

050 264 426 588 7.50 912 1088 1278 1468 1660 1852 2044 2236 2428 26.20 30.00

Image 105. Frequency contents
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

155
150

110

100

90|

80 -1

Mode! Order

&0 -]

b

o Bt e e B e i B i i 0 i i D O el i il i e
750m 1 12515175 2 22525275 3 3.253.53.75 4 42545475 5 52555575 6 6.256,56.75 7 7.257.57.75 B 8.258.58.75 9 9.259.59.75 10 10.210.510.8 11 11,2115
Frequency (Hz)

eyl Vil e
0 250m 12 122125 13

Mode n. Frequency (Hz) Damping (%)
1 3.33 1.076
2 3.85 1.894
3 4.05 0.615

4 4,97 1.022

Image 106. Modal identification result
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Mode Shapes

Model
3.33Hz - Traslational X

Frequancy (Hz) 3334
Damping (%) 1076

Mode2
3.85Hz — Traslational Y

Frequency (Hz) 3 85
Damping (%) 1884

Images 107 and 108. Modal shapes
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Mode3
4.05Hz - Torsional

Frequency (Hz): 4 047
Damping (%) 0.6015

2%

R
0

K
A5 VAY,

\

<

Mode4
4.97Hz — Traslational Y

Frequency (Hz). 4959
Damping (%) 1022

Image 109 and 110. Modal shapes
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BUILDING 7

.
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Image 111. Building n. 7
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SENSORS LAYOUT
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Image 112. Sensor layout
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Images 113 and 114. Sensors and data acquisition system
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Images 115, 116 and 117. sensors
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Nome file esportazione: BUILD7 ACQ1_02_FFT_FILTRO.dxd
Data: 01/04/17; Tempo: 15:59:43; mostra ora = 00:30:00

C:\Users\federico\Desktop\Edifici Georgia\BUILDING_7\ACQ1_02\BUILD7 ACQL_02_FFT_FILTRO.dxd

10000
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100 -100
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100 -100 100 -100
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y4p2 [m/s2]
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100 -100

100 -100

100 -100

100 -100

-100

Image 118. Time histories
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FREQUENCY CONTENT OF THE SIGNALS

x4p2/IIR filte/ AmpIFFT; [ y3cop/IIR filter/AmpIFFT; ] x3cop/liR filter/AmplFFT; [

y4p2/lIR filter/AmplFFT; []

8.8E-5 1.7E-4

7.0E-7

7.1E-5 1.4E-4

3.7E-7

6.4E-5 1.3E4

1.4E-6

5.6E-5 1.1E4

2.1E-6

Nome file esportazione: BUILD7 ACQ1_02_FFT_FILTRO.dxd [

Data: 01/04/17; Tempo: 15:59:43

FFT (df = 0.02 Hz)

050 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

FFT (df = 0.02 Hz)

050 264 426 588 7.50 912 1088 1278 14.68 1660 1852 2044 2236 2428 26.20 30.00

FFT (df = 0.02 Hz)

050 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

FFT (df = 0.02 Hz)

050 264 426 588 7.50 912 10.88 1278 14.68 16.60 1852 2044 2236 2428 26.20 30.00

Image 119. Frequency content
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Nome file esportazione: BUILD7 ACQ1_02_FFT_FILTRO.dxd

Data: 01/04/17; Tempo: 15:59:43

FFT (df = 0.02 Hz)

0 B
w
~
©
=
[
L
a
[
=%
85
=
x
3
8
A
w
~
050 264 4.26 588 7.50 912 10.88 1278 14.68 16.60 1852 2044 2236 2428 26.20 30.00
FFT (df = 0.02 Hz)
i
I}
<
=
i
L
a
20
g8
Eo
x
3
Q
o
>
g
w
=
~L
050 264 426 588 7.50 912 10.88 1278 14.68 16.60 18.52 2044 2236 2428 26.20 30.00
) FFT (df = 0.02 Hz)
UI.
s
]
©

FFT (df = 0.02 Hz)

p
w
0
o~

y2p2/IIR filter/AmpIFFT; ]
1.3E-5

7.5E-7

050 264 426 588 7.50 912 10.88 1278 1468 1660 1852 2044 2236 2428 26.20 30.00

Freq [Hz]

050 264 426 588 7.50 912 10.88 1278 14.68 16.60 1852 2044 2236 2428 26.20 30.00

Image 120. Frequency contents
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Stabilization diagram
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Mode! Order

155
150

o

07\ I
0 250m

Mode n.

Frequency (Hz)

5.17

6.06

6.35

6.75

T T
12 12.212.5 13
Frequency (Hz)

Damping (%)
3.226
2.223
2.441

1.278

Image 121. Modal identification result
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Mode Shapes

Model
5.17Hz - Torsional

Frequency (Hz): 5.168
Dlmnﬂ'&; 3226

Mode2
6.06Hz — Traslational X

Frequency (Hz}): 6 058
Damping (%) 2223

Images 122 and 123. Modal shapes
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Mode3
6.35Hz — Traslational Y

Frequency (Hz). B 348
Damping (%). 2 441

Mode4d
6.75Hz - Torsional

Frequency (Hz) 6 752
Damping (%) 1.278

Images 124 and 125. Modal shapes
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BUILDING 8

mmmﬂmmm‘
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Image 126. Building n.8
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SENSORS LAYOUT
ROOF
Y3
L X3
Y1
X1
2" FLOOR
:[ Y4
X4
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X2

Image 127. Sensor layout
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Images 127 and 128. Sensors and data acquisition system
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ACQUISITION OF TIME HISTORIES

Nome file esportazione: BUILDE ACQH FFT_FILTRO.dxd
Data: 02/04/17; Tempo: 08:10:18; mostra ora = 00:33:14

y3 cop [mis2] x3 cop [m/e2] y2 p2 [mfs2} x2 p2 [mis2]

x4 p2 [m/s2]

4 p2 [mis2]

-100.015

£
g

99 967 -100.014

100.012 -99.989 100.011 -100.033

95.0993 -99.988

99,985 -100.007

QUBUILDING SWCTIBUILDS ACG1 FFT_FILTRO. ded ‘ ‘1 000
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' e Bt A rs
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0.000 08:18.730 16:37.460 24:56.190 33:114.920 ‘E‘

Image 132. Time histories
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FREQUENCY CONTENT OF THE SIGNALS

Nome file esportazione: BUILD8 ACQ1 FFT_FILTRO.dxd [

Data: 02/04/17; Tempo: 08:10:18

x3 cop/lIR filter/AmplIFFT; []

y3 cop/IIR filter/AmpIFFT; []

y4 p2/IIR filter/AmpIFFT; [1

4.5E-5 8.9E-5 3.7E-7 3.7E-5 7.3E-5

3.8E-7

2.2E-5 4 5E-5

3.2E-7

FFT (df = 0.02 Hz)

050 264 426 588 7.50 912 10.88 1278 14.68 16.60 1852 2044 2236 2428 26.20 30.00

FFT (df = 0.02 Hz)

050 264 426 588 7.50 912 10.88 1278 1468 1660 1852 2044 2236 2428 26.20 30.00

FFT (df = 0.02 Hz)

050 264 426 588 7.50 912 10.88 1278 14.68 1660 18.52 20.44 2236 2428 2620 30.00
FFT (df = 0.02 Hz)
1
050 264 426 588 7.50 912 10.88 1278 14.68 16.60 18.52 20.44 2236 2428 2620 30.00

Image 133. Frequency contents

Freq [Hz]A

Freq [Hz]

Freq [Hz]

Freq [Hz]
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Nome file esportazione: BUILD8 ACQ1 FFT_FILTRO.dxd
Data: 02/04/17; Tempo: 08:10:18

x2 p2/IIR filter/AmpIFFT; [] y1 cop/liR filter/AmpIFFT; ] x1 cop/lIR filter/AmpIFFT; []

y2 p2/lIR filter/AmplFFT; []

26E-5 5.1E-5

3.8E-7

2.7E-5 5.3E-5

3.2E-7

1.5E-5 3.0E-5 2.TE-7 1.5E-5 3.0E-5

26E-7

FFT (df = 0.02 Hz)

050 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

FFT (df = 0.02 Hz)

050 264 426 588 7.50 912 1088 1278 14.68 1660 1852 2044 2236 2428 26.20 30.00

FFT (df = 0.02 Hz)

050 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

2 FFT (df = 0.02 Hz)

050 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

Image 134. Frequency contents

Freq [Hz]

Freq [Hz]

Freq [Hz]

Freq [Hz]
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

110

100

90|

80 -1

Mode! Order

;§3: 4% i
& ’ §

| 5 4 Fo o g‘fs & Bew ©
10 LS | 5 % o g ®
]

!

o
S

&

e mleeeite i fa il ifdicafadiealie foo i dinefip A alibiiniiaiioefia et o i i dl bl i dheadilaliealivnifioriastin b Bt afiodil ol
75m 1 12515175 2 22525275 3 3.253.53.75 4 42545475 5 52555575 6 6.256.56.75 7 7.257.57.75 8 8258.58.75 9 9.259.59.75 10 10.210.510.8 11 11.211.5 12 122125 13

Frequency (Hz)

T
0 250m

Mode n. Frequency (Hz) Damping (%)
1 4.25 4.892
2 6.79 2.886
3 6.99 3.066

4 8.84 2.376

Image 135. Modal identification result
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Mode Shapes

Model
4.25Hz - Torsional

Frequency (Hz): 4.253
Damping (%) 4.892

Mode2
6.79Hz — Traslational Y

Frequency (Hz). 6 TAT
Damping (%) 2 866

Images 136 and 137. Modal shapes
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Mode3
6.99Hz — Traslational X

Frequency (Hz): 6 987
Damping (%) 3.066

Mode4
8.84Hz - Torsional

Frequency (Hz): B 841
Damping (%) 2.378

Images 138 and 139. Modal shapes
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BUILDING 9

Building 9 includes by _, separated by a seismic joint. Each block is disconnetted,
so three different monitoring were necessary.

BLOCK 9A BLOCK 9B
l-t;-"r‘l l‘r‘—\u T Anprs
.ﬁ ‘-—Nhf——n—."—a E——a g;—ﬁ"h-—-—n—"‘hﬂ P
OO Pt
y N -

Image 140. Building n.9
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BUILDING 9A

SENSORS LAYOUT

Y3

5™ FLOOR X3

Y1

4™ FLOOR

Y4

Y2

Image 141. Building n.9a
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Images 142 and 143. Sensors and data acquisition system
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Images 144, 145 and 146. sensors
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ACQUISITION OF TIME HISTORIES
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Nome file esportazione: build9 acq1_process.dxd
Data: 02/04/2017; Tempo: 11.20.02; mostra ora = 00:40:04

x1 p5 [m/s2]

X2 pd [mis2)

y2 p4 [mis2]

¥3 p5 [m/s2] x3 p5 [m/s2]

x4 p3 [m/s2)]

y4 p3 [m/s2]

100

-100

100

100 -100

-100

100

100 -100

100 -100

100 -100

-100

Rec
M2 3
rfD
’f
/
I
— i—-—-‘ﬁ"‘-—-—"—""—"""""‘w
\
\“\;
\8
’f""
/
7\ S B > -
\
\\
=
/e
/
1 BT e S R e & = S
\'\g-
e
L] <
— & i
/s
-—/! i
\\
\\r-r
t=F
g
R
=
rfo ‘
=] ' meadesinads ol
\B
L | <
&
o]

0.126-0.109

0.112-0.074

c AnconA Tesisils

10000

bbb

ittty

1
I
0.000 10:01.189 20:02.379

Image 147. Time histories

30:03.568

40-04 757 2
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FREQUENCY CONTENT OF THE SIGNALS

Nome file esportazione: build9 acq1_process.dxd
Data: 02/04/2017; Tempo: 11.20.02

FFT (df = 0,02 Hz)

1.4E-4

- N

x1 pS/AmpIFFT; [m/s2]
7.5E-5

3

Freq [Hz]

L |\ 'y \‘h Il \’||| s AL

050 252 4068 560 714 868 1034 1216 13.98 1580 1762 1944 2126 2308 2490 26.72 30.00

5.0E-68

FFT (df=002Hz)

1.1E-4

y1 pS/AmMpIFFT; [m/s2]
5.8E-5
e,

Freq [Hz]

4.3E-8

050 252 4.06 560 7.14 868 10.34 1216 13.98 1580 1762 1944 2126 23.08 2490 26.72 30.00

Freq=3 16!:2;'5 Value=0.000m/s2 FFT (df = 0,02 Hz)

5.0E-5

x2 p4/AmpIFFT; [m/s2]

-
b Ll Al |‘| LT g

050 252 4.08 560 7.14 868 10.34 1216 13.98 1580 17.62 1944 2126 2308 2490 26.72
2

3
L J

5.4E-6
Freq [Hz]

FFT (df = 0,02 Hz)

4.2E-5 7.8E-5
— 3 IS

y2 p4/AmpIFFT; [m/s2]

| i l

050 252 406 560 714 868 1034 1216 13.98 15.80 17A62 19.44 21.26 23.08 2490 2&72 30.00

4 3E-6
Freq [Hz]

Image 148. Frequency contents
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Nome file esportazione: build9 acq1_process. dxd
Data: 02/04/2017; Tempo: 11.20.02

FFT (df = 0,02 Hz)

! [
S 1
- 9
S
v
E
e
w W
g8
E~
<
w0
[=%
52l
>
¥
: - :
2 — . il H| H Ll I
050 252 408 560 7.4 868 10.34 1216 13.98 1580 17.62 1944 2126 2308 2490 2672  30.00
FFT (df = 0,02 Hz)
@
w
&
[«)]
_ 2
9 (®
E
o
(Y301 i = = SRS iy - ST— S——— - . TP
L4
£~
<
w
[=%
el
>
‘ ' )
w f I hi o i o
o
% hoonalll..... “]wm mﬂim | Bt i £
050 252 408 560 7.4 868 10.34 1216 13.98 1580 17.62 1944 2126 2308 2490 2672  30.00
3 FFT (df = 0,02 Hz)
N .
u
~
¥ 1
0
E
£w
oW
o~
E™
< ‘ )
(423
T B T .
' T
i . A T
: il \I‘Imlﬂll]‘mmm E
< w
050 252 406 560 7.14 868 1034 1216 13.98 1580 17.62 1944 2126 2308 2490 2672  30.00
FFT (df = 0,02 Hz)
@
gl .
g
wn Il
T 1
__Uz il
E
Cw
W
B~ 2 -
o~ %
g ) |
[32]
o ¢
;o | . 1| ; . . -
: | i T 0 ' g
(I I i i | p el
X TN | T o O i
050 252 408 560 7.44 868 1034 1216 13.98 1580 17.62 1944 2126 2308 2490 2672  30.00

Image 149. Frequency contents
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

135
130

Model Order

| \ \ , : \ , , \ ! \ , \ , . , : , , , \ ! \ \ | |
o 500m 1 15 2 25 3 3.5 4 4.5 5 55 3 6.5 7 7.5 8 8.5 9 9.5 10 10.5 11 1.5 12 12.5
Frequency (Hz)

Mode Number Frequency (Hz) Damping (%)
1 3.156 0.9212

2 4.677 1.479

3 5.029 3.032

4 5.849 241

Image 150. Modal identification result
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Mode Shapes

Model
3.156Hz — Traslational X

Mode 2
4.677Hz — Traslational Y

- /
/

Images 151 and 152. Modal shapes



DRC

Diagnostic Research Company
=}

Norn DestrucLive Tesling

&2 univpm

Ambient Vibration Survey and dynamic identification

Mode 3
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Mode 4

5.849Hz - Torsional

Images 153 and 154. Modal shapes
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BUILDING 9B
SENSORS LAYOUT
Y1 5™ FLOOR
¥
E—
" Y3
X3
4% FLOOR
Y2
Y4

X4

Image 155. Building n. 9B
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Images 156 and 157. Sensors and dta acquisition system
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Images 158, 159 and 160. sensors
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ACQUISITION OF TIME HISTORIES

Nome file esportazione: buildSb acq1_04_process.dxd
Data: 02/04/2017; Tempo: 14.15.33; mostra ora = 00:36:00

UL ESHD PIERICCASgADRC ANCER 20174 GEQRGUA DY TESTS 3 LKAl A 9053 G4 50 60 1 00 OO
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3 |3
o 2
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—_—0 f
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o © i
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@ ]
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< S
—_—
@2
£
<+ @
=3
o
@
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~
o)
o
o
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o @
o (32
=] 0
T o H
' i -
W
0.000 09:00.237 18:00.475 27:00.712 36:00.949 2

Image 161. Time histories
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Nome file esportazione: buildSb acq1_04_process.dxd
Data: 02/04/2017; Tempo: 14.15.33

1.3

[te]

L
%]

x1pS/AmMpIFFT; [m/s2]

4.0E-¢

3

5.3E-5

L]

29E-5

.
i
1 i

y1pS/AmpIFFT; [m/s2]

050 252 4086 560 7.14 868
1

3
: i
||: sl

4 4E-6

10.34 1218

|l ‘ H‘H |

ik snraatnnt I

13.98 1580

FFT(df=002Hz)

13.98

Freq [Hz]

17.62 19.44 2126 23.08 2490 26.72

1762 1944 2126 23.08 2490 26.72 30.00

[Hz]

g

15.80

[m/s2]

3
B
o

2

0 i I
f ™ i i il

il ol " il H

406 560 714 868 1034 1216

050 252

]

FFT (df = 0,02 Hz)

i i i | ‘ M i ol “\"“ [Ty

13.98

Freq [Hz]

1680 1762 1944 2126 2308 2490 26.72 30.00

3.8E-5

y2p4/AmplFFT; [m/s2]
21E-5

4.6E-6

0.50 252 406 560 714 868 1034 1216 1398 1580 17.62 19.44 2126 23.08 2490 26.72

Freq [Hz]

30.00

Image 162. Frequency contents
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Nome file esportazione: buildSb acq1_04_process.dxd |
Data: 02/04/2017; Tempo: 14.15.33

_FFT(df=002Hz)

1.1E-4

2

‘ 3
! | @

x3pS/AmpIFFT; [m/s2]
5.9E-5

1]
i
“ | i
il
. 16 i
““I\ | H il \W ‘

1034 1216 1398 1580

0.50 252 4.06 560 7.14 8.68

7.5E-6

i HH

17.62

1 FFT (df = 0,02 Hz)

1.3E-4

7.1E-5

|
l
l
I 2
|
|

y3p5S/AmMpIFFT; [m/s2]

‘ ‘ | \ il e \l"\l MH‘

050 252 406 560 7.14 868 1034 1216 13.98

8.9E-6

15.80

Freq=5.12+1;; Value=0.000m/s2

8.3E-5

47E-5

2

Ts
(9

050 2562 406 560 714 8868

x4p4/AmplFFT; [m/s2]

15.80

10.34 1216 13.98

1.1E-5

9.7E-5

5.3E-5

4

y4p4/AmplFFT; [m/s2]

050 252 406 560 714 868 1034 1216

13 98 15 BO

9.5E-6

H o e B it =

19.44 2126 2308 2490 2672

17.62

1762

1762

Image 163. Frequency contents

19.44 21.26 23.08 24.90 26.72

(I
H HMH Dt e

19.4-4 21,26 2308 2490 26.72

1944 2126 2308 2490 2672

Freq [Hz]

30.00

30.00

i=req [Hz]

30.00

Freq [Hz]
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MODAL IDENTIFICATION RESULTS

Stabilization diagram

145
140

130

120-|

110

100

Model Order

Mode Number

I T L L O M O O T T O T O TN N e N T O 0 TN O O NN 0 O s T e T O T O OO 0 TN o T 7 Y
0200m  600m 1 12141618 2 22242628 3 32343638 4 42444648 5 52545658 6 6.26.46.668 7 72747678 B 8.28.48.68.8 9 9.29.4969.8 1010.2 106 11112 116 12122 126 13

Frequency (Hz)

Frequency (Hz) Damping (%)

3.169

4.628

5.053

5.855

0.6696
1.893
2.942

0.6868

Image 164. Modal identification result
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/

Mode Shapes

Model
3.169Hz — Traslational X

Mode 2
4.628Hz — Traslational Y

/

\

Image 166. Modal shapes
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Mode 3
5.053Hz — Torsional

Mode 4
5.855Hz — Torsional

Image 167. Modal shapes
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BUILDING 10

0 A i l - P
mm@mmmﬂmmmmmﬂﬂ‘mﬂﬂ ﬂ]mnmﬂ]
mm%mm@m mmmmm&mm%mm
I D0 IDIDIDINIDNIDIODDDODODIDODOIm®Em

| [ |

Image 168. Building n. 10
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SENSORS LAYOUT

ROOF
Y2

L | Y3 |
X2 1\
X3

6" FLOOR
Y1

Y4

=
X1 | JA_>

X4

Image 169. Sensor layout
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Images 170 and 171. Sensors and data acquisition system
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ACQUISITION OF TIME HISTORIES

Mome file esportazione: BUILD10 ACQ1_02.dxd
Data: 04/04/17; Tempa: 11:09:59; mostra ora = 00:16:32

gia\BUILDING_10\ACQY_O2BUILDI0 ACQ1_02.cherd !10000

01030085

99.889 -1

x2cop [m/sZ)
|
;I‘
s
E =
1
i

58.99 -100.011
0.086-0087

= /
] /
E N P -
E —{ it — w p— :
g [\&
T 4 | |
g3
ik
iy
g |\
g |\&
T 24 | |
g |2
gs| |/°
E7| } 3
8g |
{1 Y E ]
8 - 3] |
sl |/8
o |/

x4p2 [mis2]

99.966 -100.023

00980102

ydp2 [mis2]

-100.034

| | |
09:08.008 13:16.008 17:24.009 21:32.009 25:40.010 2

Image 174. Time histories
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FREQUENCY CONTENT OF THE SIGNALS

MNome file esportazione: BUILD10 ACQ1_02. dxd
Data: 04/04/17; Tempo: 11:08:58

FFT (df = 0.02 Hz)

000 216 380 544 708 872 1052 1246 1440 1634 1828 2022 2216 2410 26.04 27583000

FFT (df = 0.02 Hz)

3.2E5

y1p2/IR fiterAmplFFT, []
1.6E-5

4.3E-10

050 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

FFT (df = 0.02 Hz)

1.4E-4

*2cop/liR filer/AmplFFT, []
TIES

4.5E-10

ﬁ.SU 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

FFT (df = 0.02 Hz)

P
w
=

y2eoplliR fi

Freq [Hz]

5

6.50 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

Image 175. Frequency contents
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Nome file esportazione: BUILD10 ACQ1_02.dxd
Data: 04/04/17; Tempo: 11:09:59

x4p2/IIR filter/ AmplIFFT; [ y3cop/lIR filter/AmplFFT; [

y4p2/IIR filter/AmpIFFT; [

3.6E-5 7.2E-5

3.6E-9

1.5E-5 2.9E-5 8.6E-9 3.8E-5 7.6E-5

8.3E-9

FFT (df = 0.02 Hz)

g
x
g
w
050 264 426 588 7.50 912 1088 1278 14.68 1660 1852 2044 2236 2428 2620 30.00
: FFT (df = 0.02 Hz)
2
3
=z
o
g
w
050 264 426 588 7.50 912 1088 1278 14.68 1660 1852 2044 2236 2428 26.20 30.00
FFT (df = 0.02 Hz)

Freq [Hz]

050 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

FFT (df = 0.02 Hz)

Freq [Hz]

050 264 426 588 750 912 1088 1278 1468 1660 1852 2044 2236 2428 2620 30.00

Image 176. Frequency contents
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Stabilization diagram

155

MODAL IDENTIFICATION RESULTS

150

Mode! Order
@
2

10+

O e Bt B B e 08 2 B i B S i B B8 e P Al e e sl el e e A B o R S S b B
0 250m 750m 1 12515175 2 22525275 3 3.253.53.75 4 42545475 5 52555575 6 6.256.56.75 7 7.257.57.75 8 8258.58.75 9 9.259.59.75 10 10.210.510.8 11 11.211.5 12 122125

Mode n.

p § B t e o

Frequency (Hz)

Frequency (Hz) Damping (%)

4.93

6.14

6.42

6.86

1.249
1.733
1.775

1.117

Image 177. Modal identification result
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Mode Shapes

Model
4.93Hz — Traslational X

Frequency (Hz): 4 928
Damping (%) 1248

Mode2
6.14Hz — Traslational Y

Frequency (Hz) 6 141
Damping (%) 1.733

Image 178. Modal shapes
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Mode3
6.42Hz - Torsional

Frequency (Hz). 6 417
Damping (%) 1.775

Mode4
6.86Hz - Torsional

Frequency (Hz) 6 863
Damping (%) 1117

"mi,vx

Image 179. Modal shapes



Diagnostic Research Company

Norn DestrucLive Teslir

Ambient Vibration Survey and dynamic identification

CONCLUSIONS

Phonichala, Thilisi

Pag 162 di 163

SUMMARY OF THE NATURAL FREQUENCIES OF MONITORED BUILDINGS

Following the monitoring works the main structural parameters of the buildings (natural
frequencies, modal shapes and damping ratios) have been obtained.

The method used for dynamic identification is Stochastic Subspace Identification (SSI), working in

time domain.

In the following table the mail results in terms of natural frequencies and type of mode shape are

reported.
mode 1 mode 2 mode 3 mode 4

?qlljjlk/?:zs Freq:zency Type Freq:zency Type Freq:zency Type Freq:zency Type
#2 6.66 Tors. 7.28 Trasl X 7.73 Trasl Y 8.48 Tors.
#3 1.89 Tors. 2 Trasl X 3.28 Trasl Y 5.77 Trasl X
#4 1.74 Tors. 2.09 Trasl Y 2.95 Trasl X 5.45 Trasl X
#5a 3.19 Trasl X 4.56 Trasl Y 4,71 Tors. 5.54 Tors.
#5b 2.98 Trasl X 4.53 Trasl Y 4.75 Tors. 6.63 Tors.
#5¢ 3.05 Trasl X 4.52 Trasl Y 4.86 Tors. 5.68 Tors.
#6 3.33 Trasl X 3.85 Trasl Y 4.05 Tors. 4.97 Trasl Y
#7 5.17 Tors. 6.06 Trasl X 6.35 Trasl Y 6.75 Tors.
#8 4.25 Tors. 6.79 Trasl X 6.99 Trasl Y 8.84 Tors.
#9a 3.15 Trasl X 4.67 Trasl Y 5.02 Tors. 5.84 Tors.
#9b 3.16 Trasl X 4.62 TraslY 5.05 Tors. 5.85 Tors.
#10 4.93 Trasl X 6.14 TraslY 6.42 Tors. 6.86 Tors.
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SUMMARY OF THE NATURAL FREQUENCIES OF MONITORED BUILDINGS WITH
ADDITIONS

Several structures, in addition to their core structure as built originally, include additions, built in

different periods of time. In order to understand the structural behavior of the monitored buildings,
both, core structures and additions were monitored placing the sensors also in the additional blocks.

The following table below reports the main results obtained for those two buildings.

It is worth to remark that the structural additions show a different structural behavior. It is evident
in the modal shapes reported above.

mode 1 mode 2 mode 3 mode 4
BUILDING Frequency Frequency Frequency Frequency
NUMBER Hz Type Hz Type Hz Type Hz Type
Trasl X Trasl X
#5b 3.05 (original 4.54 (added 4.8 Trasl Y 6.85 Tors.
structure) block)
Trasl X Trasl X
#5¢ 3.1 (original 4,51 (added 4.88 Tors. 5.78 Trasl X
structure) block)




