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Introduction

Points of interest:

1. Advanced probabilistic models

2. Monitoring network

3. Prognostic approach

4. Validation on representative cases Prognostic tool
Goals:

1. Safe and efficient management of
pressure equipments and civil
infrastructures

2. Eliminate unnecessary or invasive
maintenance actions to reduce
operating costs

MACIPRO

:‘(‘,:f*“:}"%
LR
o

| ) @
N Y Y HNATIORA f
NG

Moiion o VL / AU n .".




Design scheme
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Methods: Physical test field - Reticular, bridge in reinforced concrete

/° Reticular structure \
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Methods: prediction of degradation

Structure/Infrastructure

Equipment history

1. historic monitoring of
process parameters

2. Thickness control data

N Prognostic
Models Estimation of residual life
1. Geometry time

2. Corrosion law
KBI Prognostic Model

Monitoring systems
1. Sensors (AE)
2. Sensors (MEMS)
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Methods: prediction of degradation . | / /
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v' Thickness reduction is 2.8 mm with 95% probability
and with the same probability it is expected to increase
to 3.2 mm in 2017.

v' As of 2017, the real value is 3.15 mm.
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Methods: Advanced structural modeling - Reticular structure
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Damaging scenario
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Spostamento in direzione x [m]
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Methods: sensors network

I Sensor node

Gateway
e
> 4,; Power—>
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Local processing
Compact sensor node

Significant reduction in
cabling, weights, costs and
power consumption

Zero distance between the
sensor and the reading
electronics

Use of industrial protocols
Fully programmable remotely
Self diagnostics
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Methods: pervasive sensors
acoustic emissions @ (O Impedance meter

B0 0.
Sensor node :
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Methods: data processing and management

MODRONMN

]
Gateway

WoT platform

1 Extensibility - Possibility of dynamically adding new sensors or new data
processing/display modules.

0 Interoperability 2 Transparent management of heterogeneous sensors
(accelerometers, piezos, etc) characterized by different data models.

1 Reconfigurability - Possibility to remotely control the configuration of the
sensors and/or to redefine their behaviour.

O Scalability -2 Support for large volumes of data/devices.
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Methods: data processing and management
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Methods: data processing and management

Prognostic through vibrations:
« Corrosion

« Neural networks 400 .
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Degradation Model:
x(t) — xoe—at _I_ ,}/(t) Hiﬁdﬁden
Input i ¥ Ao
x(t) = stiffness at time t ft—4) 7N
xo = initial stiffness f(t—3) BT TS ST X(t+4)
a = degradation speed e ) AV
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Methods: fileds of application

Pressure equipment integrity monitoring
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Methods: fileds of application

Civil structures/infrastructures integrity monitoring
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LEGENDA
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fessibile
Valvola a

Validation: hydraulic circuit 3-%11 =S U?I«_M -

Setbalono
accumulo

B Fadala
Automatica

COragy

coch

| Ahcoragy
TTAnco pogko

G

WM ” Valvola a

A Tubazi - X5 Farfalo

Flessiote %1 _T"‘"’_P"‘ i__u- Y Manuale
.

Pressure equipment test scenario
 Leakage vessel and/or pipe f;;; g OsA—tomn B oo
« Pump/turbine cavitation : Swems ‘
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Hydraulic circuit
« load curve «p»
« «p» in tanks and pumps
« «Qg» in the pipes
« «T» of water and air
« check closing/opening of valves
« simulate losses
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Validation: hydraulic circuit

» Pipes DN100
« Storage tank 2000 litres

« 2 steel tanks (1000
litres)

« Distributed SW/HW
system for the control of
each device

» Two-stage pressurization
system
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Validation: hydraulic circuit

Configurazione Esecuzione Test Automatico Azionamento Manuale = Carico Implanto = Scarico Impianto | 'srod'
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Validation: hydraulic circuit

Configurazione Esecuzione Test Automatico Azionamento Manuale Carico Impianto = Scarico Impianto zSToa

Load curve «p» B

Tank Pressure Testing System

| 4 B

ESEMPIO: STORIA DI PRESSURIZZAZIONE -’.Jq*‘ HPSYSTEM.IT

Ciclo di Carico Start Test Automatico Ciclo di Scarico
Q| 0| - . Q|
Pressione 'Tempo (minuti) Pressione Modulazione | | Pressione Tempo (minuti) ’ Tempo scarico (sec.) | »

Durata complessiva 250 min
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Durata | 4 : 0 .'f
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Validation: hydraulic circuit

Measurement network
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Validation: hydraulic circuit
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Validation: hydraulic circuit
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Results: physical test field — hydraulic circuit

150 seconds, pressure 5 bar

S2 53

a [m i85

. 'l_,_:,"b‘
e
G
ﬁ &
Rl =
3 . -
=\ ks N 100 150 200 50 100 150 200

,—?'* lime [s] Time [s]
]




Results: physical test field — hydraulic circuit

3 hours of monitoring
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Vibrodine tests / . \ / \  release tests
5000 S : e - e

| 0 | |
10=_>5bar 5=>0bar ’ '/”'_J

4500 §¢ AR .. 5=>0bar , -
: r
| 11,4=30bar ?”/

11,4=>0b
4000 =

. % : = . Z:-..' s o = : :: .:
i i ¢ 3 ol 3t . tap el ), SR g 13 fge i
L B 3 =13 T v Hiha. . il - B v :
3500 W, " ) 5 # A i j.!g'. -“a = h!g;‘, g"tt_ L ;; fg l.:f; ;:‘1‘ 'f-
) _!.? . e 3 : Al-.l. "o l-_;!i'* ! e g i s ] ::g;: '
= ] T 1 i Iy o l : U SRS RE s
< 3000 [EEEEEEEN— )i .t D SEE . B IS RS o
% < 3 1 B £3 SEE e - Dot i S L B Ly ok, ol -
0 %3 o 2 = o 8 mn SR el 1
T 2500 - . 1 2 B i
: . = r " e -4 LR} .-
€ 2000 : =
®)

—A
o)
o
o
.

10:30 11:00 11:30 12:00 12:30 13:00
Time Apr 27, 2022
MACPRO

110

100

90

80

70

60

50

Amplitude, dB




Validation: reinforced concrete frame

Civil structures test scenario
« Seismic action

y

Frame on vibrating table

« frame in reinforced concrete

« test check
« motion imprinted on the base
« frame response

« damage

Min: -0.333g Filename: 1a42 Max: 0.314g

seismic sequence Amatrice-Norcia-Visso

October 30, 2016
magnitudo of 6.0 (energy)
peak ground acceleration: 0,86 g (Amatrice)
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Acceleration {gj
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Parameter System 1

Table size 4 x 4 [m]
Degrees of Freedom | 6

Validation: reinforced concrete frame

Frequency range 0-50 [Hz]
Acceleration 3g peak
Velocity 0.5 m's (0-peak)
Displacement 0.125 m (0-peak)
Specimen Mass 30 [t]

—— ® floor: 30 cm

Beam: 20x20 cm

Shaking table in ENEA
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Validation: reinforced concrete frame

midas Gen
POST-PROCESSOR

earthquake registered from

STATUS OF YIELD

Savelli station

Norcia — October 30, 2016
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Validation: reinforced concrete frame
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Validation: reinforced concrete frame

2 plates

/

1 plate

"\

MACPRO

Plate: 100 kg
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Validation: reinforced concrete frame

A sensor mounting of

Rete di misura Vallen system

= ‘ 7 e ah ¥~~3D_VISION~"
,.-:”‘?“@” | MAC4PRO sensor -
- senso o : e

PCB_ACC

MAC4PRO Sensors Commercial Sensors
« accelerometers (6) « accelerometers (9)

« Acoustic emission (18) « AE Vallen (6)

« gyroscope (9) « Optical markers (72)

» Linear Variable
Displacement Transducer
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Results: reinforced concrete frame

Stazione Savelli, Norcia 30 ottobre 2016 - M = 6.5
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Validation: reinforced concrete frame
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Risultati: telaio in CA
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Real case: bridge Volto Santo (Holy Face)
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Real case: Viadotto Volto Santo
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Conclusions

« Tools for monitoring equipment and structures/infrastructures for
safety purposes

« Use of different integrated technologies
« Experimental validation in two operational scenarios
« Real case experimentation (viadotto del Volto Santo)

« Contributes to the discussion on methods, installation costs,
adaptability and durability of monitoring systems, robustness of
damage and prognostic metrics
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