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Bridge of Slovak National Uprising Apollo Bridge
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Automated Measurement System Development, 2013-2015,
= Multi-Sensor Measuring System Development

= Synchronisation

= Data Processing

Bridge Monitoring by Repeated Measurements, 2015-2017
= Bridge Health Care
= Methodology

= Data Processing

= Bridge Classification

Bridge of Slovak National Uprising

H 7 FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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Bridge of Slovak National Uprising connects the city centre with the city district
Petrzalka over the Danube, construction began in 1969 and to full operation was
given in 1972

The bridge consists from the asymmetric cable-stayed steel structure with one pylon

The overall length of the bridge
Is 688.4 m and width 21.0 m
the pylon is 95.0 m higth | "
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Basic Concept and Requirements
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= continuous and time unlimited monitoring of the bridge girder and pylon

= determination of dynamic short-term deformation of the bridge girder, cables
and the pylon

= providing an information about the deformation in real time

* remote access and management of the system

."5%;3,] ,3} FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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Communication solution

Total station Leica TS30
Internal IP — 192.168.1.10

Sensors Leica Nivel220
Internal IP — 192.168.1.11

Reinhardt DFT IMV
Internal IP — 192.168.1.12

Time server Mobatime LTS
Internal IP — 192.168.1.13

A/D convertor Comet MS6D
Internal IP — 192.168.1.14

Notebook
Internal IP — 192.168.1.20

NAPT IP address translation

Total station Leica TS30
VPN IP - 10.10.0.10:8080

Sensors Leica Nivel220
VPN IP - 10.10.0.10:8081

Management server
VPN IP - 10.10.0.6

Reinhardt DFT 1MV
VPN IP - 10.10.0.10:8082

Time server Mobatime LTS
VPN IP — 10.10.0.10:8083

A/D convertor Comet MS6D
VPN IP - 10.10.0.10:8084

Notebook
VPN IP - 10.10.0.10:3389

Mobile GPRS/EDGE/3G router
VPN IP - 10.10.0.10
Internal TP — 192,168.0.1
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VPN Server - ,KGDE_VPN*
Verejna IP - 147.175.16.130:1194
VPN IP - 10.10.0.1

Internet

Communication between the systemcomponents

e connection between the subsystems realized by mobile internet connection,

e communication by virtual private network VPN,

e each sensor is identified by own IP address in VPN network,

e time synchronization by local time server with receiving time signal from NAVSTAR

GPS satellites.

ﬂ/ ,; FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland



Synchronisation

Wi-Fi anténa

TN

r

()
E}R '

T
A

Wi-Fi anténa

I

Fi

DIIIsTU
eseos SVF

SLOVAK UNIVERSITY OF
TECHNOLOGY IN BRATISLAVA
FACULTY OF CIVIL ENGINEERING

Wi-Fi anténa \

Local Time
Server

Sietovy prepinac (switch)
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431 800
74 800 | 51 500 | 70 200 82 600 98 700 54 000
Legend:

® reference points

@ measured points - prisms

® measured points - accelerometers, tilt sensors

a GNSS

BRIDGE DECK OVERPASS - BRATISLAVA

I P03 I I T i
PHO5 ) w_
PHO6 d

VB1 - total station Reference point VB2 Reference point VB4
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431 800
74 800 | 51500 | 70 200 82 600 | 98 700 54 000

Legend:

® reference points

@ measured points - prisms
® measured points - accelerometers, tilt sensors

= GNSS

BRIDGE DECK OVERPASS - BRATISLAVA

I I P03 I T I il p—
PHO3 PHO5 ) %—
PHO4 PHO6 g

DANUBE

* 6 measuring points (prisms) for
measuring of spatial deformation,

e 3 tilt sensors, accelerometers and

temperature sensors.

Al

Prisms and sensors
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* view at measuring points

Legenda:
@® ztainybod

O  pozorovany bod

B Detail bodu ‘ ( Detail nosnej konstrukcie z.
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= continuous and time unlimited monitoring of the bridge pylon by GNSS

ﬂ%f;} r” FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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Software solutions

Software for remote control and data processing and analysis:

e TrackingTS30 for dynamic measurements control and management,
e Lomb for data processing of dynamic measurements by total stations,
e DynMer for auto-spectral and cross-spectral analysis of the measurements,

e Acclint numerical analysis of the accelerometer data.

I —— — e software with GUI
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e modules for real-time

data download from
FTP server of AMS.

Dynamické merania

Urijorod spmbtrins anatisa crand
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Monitoring

Long-term monitoring .... time domain

(GNSS, TS, tilt sensors)

= Short term monitoring .... frequency domain

il

)}

(accelerometers, TS, GNSS)

FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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Long-term monitoring in time domain
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continuous and time unlimited monitoring of the bridge girder deformation by
TS

auto-spectral and cross-spectral analysis of the bridge long-term deformation
induced by temperature changes

processing of tilt measurement data the longitudinal and the torsional
oscillation of the structures was determined and compared with the TS data

using double integration of accelerations (leads to displacements) the bridge
girder deformation was determined and compared with TS data

’ FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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Long-term monitoring in time domain
Longitudinal displacements of the structure

30.0 20
25.0 — - 18 U
[o]
T 20.0 = A 16 :
[
£ 150 - A A /w*"\\ /“\ - 14 5
L o
Z 100 AN ,/\ N /A ~ 12 £
S 5o V \\,4-// \ ~ N \\ o =
z 0 é i £
S o4 A N TN ., TN Nl 2
S Y | ?
S 5.0 - -
A 100 N AN 4 3
N T =
-15.0 — Pl P2 P3 P4 Ps Temperature ) a

| | [ | | [ [ [
-20.0 | — T T T T T 1T T T T 71T T 71T T T 1T 7169
10.04.14 11.04.14 11.04.14 12.04.14 12.04.14 13.04.14 13.04.14 14.04.14 14.04.14 15.04.14
12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00

= high coherence (at level 0.95) between the structure’s temperature

= phase delay of time series describes structural response on temperature
changes approximately in 1 to 1.5 hour

= highest amplitudes varies from 10.0 to 18.0 mm

» accuracy of the displacements determined in each direction was 1.2 mm

ﬂ/ ,; FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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Model frequencies of the bridge structure —
calculated using FEM

1. vlastny tvar  f;,=0.15 Hz 7. vlastny tvar Jo=136 Hz

2.vlastny tvar £, =0.41 Hz 8. vlastny tvar  f,=182 Hz

H'E/%f;‘,j r)j FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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» data processing is based on spectral analysis and signal processing, which
enable to describe not only the static, but the dynamic behavior of the
monitored structure, also

= for data processing of time series is general FFT used

" sensors generate data sets in evenly (time series) and unevenly spaced time
intervals (generate by TS)

= for spectral analysis of unevenly spaced data Lomb-Scargle Periodogram
(LSP) was used, which produces better results as FFT

= results in the frequency domain contain from two parts — the power spectrum
(periodogram) and the phase spectrum of the signal

= cross-spectral analysis of two time series (signals) is used for determination
of the cross-correlation (common frequency amplitudes) and the time delay
between them

e ’.“57 FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland



....5TU
l..SVF

Frequency analysis — TS data
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Frequency analysis of accelerometer data
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Daily variations of the vibration frequencies
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Daily variations of vibration frequencies
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2. 0.41 0.45 9.7
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7. 1.36 1.28 2.9
12. 2.48 2.48 0.0
13. 3.07 3.00 2.3
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multi-sensor AMS developed, tested by series of 24 hour measurements

synchronisation (level 0.05 sec), data capturing in real-time, data transfer in
side VPN and to the server via IP solved, tested

data aces, management and processing possible using smart phone

spectral analysis of unevenly spaced data (generate by TS) Lomb-Scargle
Periodogram (LSP) solved, tested, max difference up to 9%

spectral analysis of time series (acceleration, inclination, GNSS) using FFT
solved, tested, max difference up to 3%

cross-spectral analysis of two signals could be made to determine the
common frequency amplitudes and the time delay between signals

e ’.“57 FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland



Conclusion ek umvesy or
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» developed AMS builds part of common AMS developed for 3 Danube bridges
with the server and data processing at Department of Surveying FCE

= research suported by 2 research projects (grants)

= during these were one PhD thesis and 2 master thesises finalised at the
Department

" |n co-operation with the municipality of Bratislava

= next development of the AMS using FOS, only at the 3rd Danube bridge,
which was fully rebuild this year

e ’.“57 FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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Thank you for your attention!

Alojz Kopagik, prof. Ing., PhD.
Imrich Liptak, ing.
Erdélyi Jan, ing., PhD.,
Peter Kyrinovig¢, ing., PhD.

alojz.kopacik@stuba.sk
Slovak University of Technology,
Faculty of Civil Engineering,

Radlinského 11, 810 05 Bratislava, Slovakia,
www.svf.stuba.sk

FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland

DIIIsTU
eseos SVF

SLOVAK UNIVERSITY OF
TECHNOLOGY IN BRATISLAVA
FACULTY OF CIVIL ENGINEERING



DIIIsTU
eseos SVF

InVitatiOn - LiSbOn, Portugal SLOVAK UNIVERSITY OF

TECHNOLOGY IN BRATISLAVA
FACULTY OF CIVIL ENGINEERING

é - O ‘ ingeo2017.Inec.pt * ’ == -/ Q

| N G EO Dates & Committees Programme Authors Registration Venue Partners Downloads Contacts

2017 Themes

n 7™ International Conference on Engineering Surveying @
18 - 20 OCTOBER 2017
LABORATORIO NACIONAL

= — DE ENGENHARIA CIVIL

Visit the Online Registration
Form to join INGEO2017

INGEO2017, the 7™ International Conference on Engineering Surveying, brings together two communities - engineering
surveyors and civil engineers — gathered by a common interest: monitoring and safety evaluation of civil engineering ~
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Visit the Online Registration
Form to join INGEO2017

Programme at a glance

17 October
Tuesday
Moriri Opening Session
9 Plenary session
Technical session
Theday  Technical session
before Plenary session

Afternoon Visit to LNEC Technical session

Walking tour in downtown

Conference dinner

Plenary sessions

i

19 October
Thursday

Technical session
Plenary session
Technical session

Technical session
Plenary session

Lisbon

20 October
Friday

Technical session
Plenary session
Technical session

Technical session
Plenary session
Technical session

Closing Session

FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland

Prog ramme Plenary sessions Social events The day before The day after

21 October
Saturday

The day after
Surf day
or
Green and gold
tour
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n Keynote Speakers
Visit the Online Registration '
Form to join INGEO2017 <€ El...
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Silva Matos Juana Fortes Wolfgang Niemeier Paulo Lourenco Alfredo Ferreira Gongalo Vieira
Concrete dams  Maritime structures Radar Monuments Augmented reality UAV(drones)
@R OA £ ie& £ \

Waunderlich Thomas Ana Quintela José Catarino Sokol Milan Gethin Roberts Alojz Kopacik
Laser scanner Geotechnical works Structural monitoring Bridges GNSS Classical methods
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Important dates

Abstract submission deadline | 15" February | 30" June
Notification on paper acceptance 25" February 25" July
Paper submission deadline 30" April 1st September
Deadline for reviewers 30" June

Final paper submission 15t September

Papers not send by September the 15t will not be included to the conference proceedings

H%’J ;3} FIG Working Week, May 29 — June 2, 2017, Helsinki, Finland
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7™ International Conference on Engineering Surveying
18 - 20 OCTOBER 2017
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