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ENViLab Laboratory for Environmental Noise and Vibrations

Accredited methods Field measurements

= 2y o “‘M"“.d- -
—— IR AT g - 2 L3
Environmental noise 5 Vibro-acoustic track assesment
ISO 1996-2 n EN 3095, EN 15461, EN 16510

In-situ acoustic characterisation
of noise barriers
EN 1793, EN 16272

Sound insulation in buildings Insertion loss of track
S0 16283150717 EN 13481-5, DIN SPEC 45673-3
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ENViLab Laboratory for Environmental Noise and Vibrations

Lab measurements, analysis and monitoring

Electrical resistance of rail fastening Analysis of stray current Network-wide monitoring of
systems corosion on rail tracks tram infrastructure
EN 13146-5
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Vibroacoustic characteristics of the track

. Acoustic rail roughness (HRN EN 16510)

~~ - Track decay rate (HRN EN 15461)
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. Pass-by noise measurements
HRN EN ISO 3095
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On-site and lah measurements

In-situ acoustic characterisation of
noise barriers

Sound refection EN 1793-5 /TS 16272-5

Sound isolation EN 1793-6 /EN 16272-6

Difraction over the barrier EN 1793-4 / EN
16272-4

Insertion loss ISO 10847:2001 / TS 16272-7

University of Zagreb
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On-site and lah measurements

Ride comfort in rail-bound vehicles
= HRNEN 12299

= Using low-cost devices (smartphones) and
accelerometers
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URITMIS - Urban railway infrastructure predictive maintenance system based on monitoring of vibro-acoustic track properties
* Performing monitoring from in-service vehicles
» Advanced vibro-acoustic analysis ||‘”|
» Machine learning on vibration signals ||
» Digital twin based on in service vibrations

1]

Uit

!

CIRCLEAR - Integrated Air and Noise pollution reduction solution for urban road infrastructure 0

*  Optimisation of sound absorption properties L -

+ Source identification -

* Insertion loss RUCONBAIR

Notse and Air Poliution Reduction

ENVIRAIL - Development of Advanced Techniques for Noise and Vibration Control on Urban Rail Tracks Using Alternative Materials
and Machine Learning Methods %

» Optimisation of sound absorbing surface ,;s‘__qyu,‘\\

* In-situ and lab testing of absorption/insulation
+ Optimising and testing track decay rates ENV’RA’L

CORRTRACK - Advanced Method for the Identification of High Corrosion Risk Zones in Urban Track Structures m
*  GPR mapping of slab track corrosion
* Infrared thermography
» Modelling of slab track corrosion > = =
DD
CORRTRACK

Faculty of Civil Engineering
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Financira
Europska unija
NextGenerationEU
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URITMIS - Urban railway infrastructure predictive

maintenance system based on monitoring of vibro-acoustic
track properties

l-.—‘.-

Main goa|S: 7_; gl g Accelerometers m-
. . . » . el H’I..l ® fle{u

Analyse the correlation between rail irregularities and rail defects
and vehicle vibration

* Development of a tram track numerical model and digital twin
with defined vibroacoustic chracteristics

* Build a track predictive maintenance model based on machine
learning methods

University of Zagreb
Faculty of Civil Encrmecrmcr
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Leaflet | ©2021 Sensornet et al. ‘

Layer: | Vibrations Bogie Right Veq ref nm/s v | Differential mode: [ Off v |

Zagreb tramway track network long term monitoring
Identification of critical locations on the network
Monitoring of the irregularities in real time

Foundation for predictive maintenance model

Faculty of Civil Engineering
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on measuremems
Test section
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Data acquisition NI cDAQ 9136

Retroreflective laser Autonics BEN5-MDT

USB GPS reciever

NI LabView
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* Localization using retroreflective sensors -> Test '..hl. 'I.n“.. mm“m'nls
section oo e s Data processing
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* Localization using retroreflective sensors -> Test
Section o e Data processing
[P File View Insert Settings Window Help
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BN DiAdem - [VIEW: EXAMPLETDV]

File View Insert Settings Window Help

Vehicle vibration measurements
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BN DiAdem - [VIEW: EXAMPLETDV]

File View Insert Settings Window Help
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Indirect rail running surface evaluation
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[m~2/(17m)]
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T Figure: Direct r rail (black) vs indirect r rail
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- Smartphones (iPhone 14, Samsung Galaxy A55)
- Accelerometers (NI cDAQ)

Tram tracks (23 routes)

Select all Select none
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CC_z vertical

(m/s?)

CC_x lateral

CC combined
(m/s?)
=
o

EN 12299 Continuous Comfort - Pre-Calculated CC Values
cDAQ (1000 Hz) | iPhone 14 (200 Hz) | Samsung A55 (200 Hz, +3 s offset)
Combined CC = sqrt(CCx? + CCz?)
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Future application
* 12 strain gauges installed in the RC plate mc. “.nﬂ.. an'l enndI“'n IIIIlIIII.I‘Ill!

* 2 strain gauges on the rail

* 2 accelerometers — on the rail and on the RC Pozicija senzora
plate @ Tenzometar ispod praga

Tenzometar u polju

* Microphone ©  Alcelorometar na tranid Prag AB plota
@ Akcelerometar na plogi | |

« Weather station Tragnica~._ Tracnica X o
Elasti¢na podloska— a% \”:” H\ ”?“ H:” "ﬂ‘
Prag—= —1 —1 —* |- o o
AB plota — o 5 B B8 B8 H
Tlo ——
\_  = » Tracnica - N
= Elastiéna podloéka f —]T— ”:” ”:u ”:ﬂ H:” ":”
S Prag — bt ®
AB plota————— * 5 B 8 B8 H
Tlo——
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Future annlication
* 12 strain gauges installed in the RC plate me. 'l.nﬂ.. .n. ”..Im. Il.lll.l‘lll'

* 2 strain gauges on the rail

e 2 accelerometers — on the rail and on the RC
plate

* Microphone

* Weather station

University of Zagreb
Faculty of Civil Engineering
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Waterresistant closet to store the measurement equipment and
safety:

* Router "'" [ o = e T
Ly O

* Weather station
e cDAQ
* Spair battery

Track vibration and condition menitoring
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URITMIS - Urban railway infrastructure ENVIRAIL - Development of Advanced
predictive maintenance system based on Techniques for Noise and Vibration Control on
monitoring of vibro-acoustic track properties Urban Rail Tracks Using Alternative Materials

and Machine Learning Methods

Contact:

kresimir.ournac@qgrad.unizg.hr
envilab@grad.hr
ivo.haladin@grad.unizg.hr
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