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Surveying technologies

Contributors:
A. Sanchez Rodriguez?!, M. Longo?, S. Negri?, J. Zach3, P. Sanecka3, M. Solla and J. Martinez !

Damage indicators & vulnerable elements

Contributors:
B. Riveiro Rodriguez !, A. Sdnchez Rodriguez *and A. Strauss #

Performance indicators for bridges and tunnels

Contributors:
A. Strauss 4, K. Bergmeister and L. Ptacek *

L University of Vigo, Vigo, Spain

2 SACERTIS Ingegneria S.r.l., Turin, Italy

3 Mostostal, Warszawa, Poland
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Condition state classification & minimum maintenance levels

Contributors:
A. Strauss, L. Ptacek

Speaker:
A. Strauss (University of Natural Resources and Life Sciences, Vienna, Austria)

Prof. Dipl.-Ing. Dr. Alfred Strauss

* University of Natural Resources and Life Sciences,
Vienna, Austria

e Scientist in Structural Engineering

* Life-Cycle Engineering.
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PERFORMANCE INDICATORS

11:50-12:10 | Concept of performance indicators

12:10-12:25 | Use of performance concepts in asset management

12:40-12:45 | Performance indicators for the community of practice
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PERFORMANCE INDICATORS

11:50-12:10 | Concept of performance indicators
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Definition of Structural Performance Indicators

IM-SAFE definition

A measurable and/or testable parameter (i.e. characteristic of materials and structures) that
quantitatively describes property of the structure and/or of the aspect of its performance and are
used to qualify fitness of the structure for its purpose during service life.

fib Model Code COST TU1402 COST TU1406 ISO 13824:2020 ISO 13824:2009 ISO 2394:2015
2010:2013

A measurable/testable =~ Parameter describinga The term performance  Qualitative or - Parameter describing a
parameter (i.e. certain property of the indicator stems from guantitative certain property of the
characteristic of structure or a certain economics and representation of the structure or a certain
materials and structures) characteristic of the measures the success of behaviour of a structure characteristic of the
that quantitatively structura behaviour an organization orofa  (e.g. load bearing structural behaviour.
describes a performance particular activity (such  capacity, stiffness)

aspect i.e. an aspect of as projects, programs in terms of its safety and

the behaviour of a
structure or a structural
element for a specific
action to which it is
subjected or which it
generates. .

and other initiatives) in  serviceability.
which it engages. The
application of this term to
physical objects is
coupled to their fitness
for purpose. The
performance indicator
measures fitness for
purpose of a physical
object such as bridge or
its element. ...
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® IM-SAFE

Performance Indicators Pls

Concept
Need of differentiation between observations and Pls.
( )
Observations / Data Successive inspections ...whether it is
P | a pure observation O (e.g. stable crack) or
Performance Indicators  apossible Pl (e.g. growing crack).
- _ N ¢ Observations indicates the fact
Key Performance Indicators | ,  p|q jnterpretation of Observations on the structural
— y performance
0 crack pattern at 131 KN
- -__4__\‘1' '/_;__ - %--mnn——j/ PI Erster Schubriss E
- / l\. \ - E;znnn- ~ O y
ST I AN
I I 0% 2000 w000 5000 %000 75000 12001
‘ ‘ x-coordinate [pixel]
@ % % -1000 ‘ Neuer Schubriss il
k § i 1 \\ ,\ ) \ N \\\

Co-funded by the Horizon 2020

H 2020 P rOJect I M'SAFE - 958 17 l Framework Programme of the European Union



Performance Indicators Pls

Concept
( )

Through-life maintenance Data-informed

4 N\ w

Observations / Data Structural performance assessment
| | | ]
Performance Indicators
{1 | ]
[Key Performance Indicators [ ]

k\ \ J \L JJ
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Performance Indicators Pls

Concept

Policy objectives, prevailing legislation and administrative agreements

Data

Functional requirements [ Non-functional requirements ]

Aspect requirements
e.g. Reliability, Availability, Maintainability, Safety

paseq-ysiy

Key Structural Performance Requirements
e.g. structural safety, serviceability, durability, robustness, redundancy

Performance Criteria
e.g. limit state functions with associated reliability targets for the defined reference period

Data-informed

Structural performance assessment

4 Evaluation of performance Level |
Performance Indicators

Evaluation of performance Level Il

Key Performance Indicators
Evaluation of performance Level IlI
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Performance Indicators Pls

at the component level

Categorisation of damage as a primary performance

4 Y\ indicator, requires taking into account
Observations / Data « related detection methods,
p N performance thresholds and
Performance Indicators « evaluation methods.

N Categorisation level - bridge component

* e.g. Crack assessed differently depending on

J where it is found, what is its width, its orientation, and
origin.

[Key Performance Indicators

Damage identification includes

« ascertaining the cause of damage and its consequences

« damage evaluation comprises the degree or/and extend
with respect thresholds.

» duration of damage phase (low, moderate or high).
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> IM-SAFE

Performance Indicators Pls

at the system level

A gualitative scale of values may show how the collapse of
a particular element would affect each criteria.

Indicators, for example, testing and monitoring, dynamic
behaviour and reliability of structures, should be included
at this level, as well.

Research-based performance indicators: Structural
reliability assessment will require an adequate knowledge
level on particular related properties such are for example
stiffness changes and local traffic loading which requires
investment in additional inspection, testing or monitoring
method, advanced modelling techniques and updating
data on resistance and loads.
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Performance Indicators Pls

at the network level
Primary goal - priority repair ranking.

Bridge condition assessment - four criteria: structural
safety and serviceability, durability, traffic safety and
general bridge condition.

Bridge importance in the network - five criteria: road
category, annual average daily traffic, detour distance,
largest span, total length.

|
The transfer of performance indicators at the component Syl [T TR ST i : N
level via the PI at the system level to the performance !
indicators on the network level or the key performance [ ] | |
requirement indicators should be processes via a quality i :
control plan. [ ] =
\ | ]_/
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1
! YES
! PER-
: FORMANCE
|
\
“Reliability” Condition or Risk based
KPR ,Reliability*

“Safety” “Availabilily ” YES PER_
“Health” “Maintainability ” FORMANCE
“Politics”

. b “Economics” Condition- or Risk-based Failure
'Environment . o &----=- .
Politics Key Structural Performance Requirements

Transfer of Pls to Key Performance Requirements & Aspect Requirements

BS
o [ sehrgut | Gut | Mittel | Schlecht |Sehr schiechf
Gaspermeabilitat | Sehr niedrig Niedrig Sehr hoch
[ 1 .
5 22w i
2 “I[7a -
D)) S ——
v L@ ——
S 25| a ———
= ‘L[ —a
<
at the component leve § g —
Z @ ad - . @ Permeatorr Schalseite [Torrent)
z 7d — @ Proceq - Sehaleeite (SMG)
@ Permestor - Obesseite (Torrert)

0,001 o0 o1 1
« Hohere GP bei schlechterer Nachbehandlung, insb. fiir langere NB-Dauer
* Hochste GP bei 1d NB-Dauer, fir alle NB-Arten - Einfluss der Trocknung
« Hohere GP der Oberseite im Vergleich zur Schalseite
+ NB1 oder NB2 im Alter von 7d - (sehr) guter Oberflachenzustand
NB3 im Alter von 7d - mittelmaRiger Oberflachenzustand

Durability
[ kPI| PI]TM) ND & SD Testing and Monitoring
at the component & system level

YES

PER-
FORMANCE

Condition- or Risk-based
Key Structural Performance Requirements

Multi Level Performance
Modelling
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Quality Control Plan - Pls to KPAs Asset Managerert

Key Performance

n
»

Performance (Detection)

\ 4

“Reliability”

Failure mode | “Safety”

“Availability”
“Health” “Maintainability”
“Politics™
Structure [
E‘ A 4 ; “Economics”
Vulnerable - E “Environment’” ——

S Component Perfo_rmance Observation | ‘Politics

S Indicator Zone :

é Aspect Requirements at System and Network Level

= | Construction | | Design and ; ‘

type construction

VoL —

deck (old) Corroded reinforcement
deck (new) HMS Corroded reinforcement
deck (old) Spalling
deck (new) Spalling
deck (new) . . Corroded reinforcement N
deck (old) - Bending failure mode Corroded reinforcement Reliability 3 3 15 years
reinforced : (structure safety)
Frame deck (new) concrete HMH Spalling
bridge deck (old) Spalling
deck (new) Efflorescences
deck (old) Efflorescences
deck (old) Shear failure mode HSS Crack 2
deck (old) . Spalling .
Fall hunk 2
deck (new) alling chunis Spalling Safetmt')f)e and 2 40 years
railings steel Falling of the bridge Broken 2
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PERFORMANCE INDICATORS

11:50-12:10 | Concept of performance indicators | CoP feedback
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Performance Indicators - CoP feedback

Which Performance Indicators are usually monitored in your current practice?

Cracks

Crushing

Rupture

Delamination

Scaling

Spalling

Holes

Debonding
Obstruction/impending
Displacement

Deformation

Wire break

Prestressing cable
Reinforcement bar failure/be...
Stirrup rupture

Tensioning force deficiency
Loss of section
Deteriorated mortar joints
Frequency
Vibrations/oscillations
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Performance Indicators - CoP feedback

Which are the five most important indicactors that are used for condition pre-assessm.?

10.0
Bl Concrete Bridges - Performance Indicator [l Concrete Bridges - Damage Indicator [0 Steel Bridges - Performance Indicater [l Steel Bridges - Damage Indicator [l Tunnel systems - Performance Indicator [l Tunnel systems - Damage Indicator

7.5
5.0
) II I_l_l
00 lll Illlll || l. || | [ | [ |
Cracks Crushing Rupture Delamination Scaling Spalling Holes Debonding Obstruction/impending
10.0
7.5
5.0
2.5
. IR I.l u | u
Displacement Deformation Wire break Prestressing cable Reinforcement bar failure/bending Stirrup rupture Tensioning force deficiency Loss of section Deteriorated mortar joints Frequency
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Performance Indicators — CoP feedback

Do Pis play a role in your decision making process with regard to interventions?

@® Yes
® No
@ No opinion
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PERFORMANCE INDICATORS

12:10-12:25 | Use of performance concepts in asset management
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Quality Control Plan - Pls to KPAs Asset Managerert

Key Performance

n
»

Performance (Detection)

\ 4

“Reliability”

Failure mode | “Safety”

“Availability”
“Health” “Maintainability”
“Politics™
Structure [
E‘ A 4 ; “Economics”
Vulnerable - E “Environment’” ——

S Component Perfo_rmance Observation | ‘Politics

S Indicator Zone :

é Aspect Requirements at System and Network Level

= | Construction | | Design and ; ‘

type construction

VoL —

deck (old) Corroded reinforcement
deck (new) HMS Corroded reinforcement
deck (old) Spalling
deck (new) Spalling
deck (new) . . Corroded reinforcement N
deck (old) - Bending failure mode Corroded reinforcement Reliability 3 3 15 years
reinforced : (structure safety)
Frame deck (new) concrete HMH Spalling
bridge deck (old) Spalling
deck (new) Efflorescences
deck (old) Efflorescences
deck (old) Shear failure mode HSS Crack 2
deck (old) . Spalling .
Fall hunk 2
deck (new) alling chunis Spalling Safetmt')f)e and 2 40 years
railings steel Falling of the bridge Broken 2
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IM-SAFE

Transfer of Pls to KPRs
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KPRs to ASSET MANAGEMENT
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Performance Indicators Pls

Concept

Policy objectives, prevailing legislation and administrative agreements

Data

Functional requirements Non-functional requirements T

Aspect requirements
e.g. Reliability, Availability, Maintainability, Safety

paseq-ysiy

Key Structural Performance Requirements
e.g. structural safety, serviceability, durability, robustness, redundancy

Performance Criteria
e.g. limit state functions with associated reliability targets for the defined reference period

Data-informed

Structural performance assessment

4 Evaluation of performance Level |
Performance Indicators

Evaluation of performance Level Il

Key Performance Indicators
Evaluation of performance Level IlI
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Questions

* Is a systematized performance indicator system already in use in your country?
e ...used solely for visual inspection?

* Is there an established system for the transfer of Pls to KPAs in use?

» ..based solely on visual inspection?

Questions for discussion:

* |sit reasonable and practicable to build up a systematized performance indicator system for
vulnerable areas (pros and cons)?
* |Inyour opinion, is it possible to use a performance indicator system for an objective performance

evaluation?

* |sit appropriate to use monitoring or modeling to characterize performance indicators (pros and
cons)?

* |sit reasonable and practicable to use monitoring systems for supporting in the transfer from Pls to
KPRs

* Isit appropriate to use monitoring and modeling to process KPRs and ASSET Management

Co-funded by the Horizon 2020
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PERFORMANCE INDICATORS

12:40-12:45 | Performance indicators for the community of practice
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> IM-SAFE

Performance Indicators Pls

Bridges

Concrete Bridges

Steel Bridges
,’“;' Composﬂe Brigdes

: 3 : 1
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Performance

Indicators Pls
Bridges
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Performance Indicators Pls

Tunnels

N

Bored Tunnels
Cut and Cover Tunnels

Submerged Floating Tunnels
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Performance

Indicators Pls
Tunnel_\_ |

Visual Inspection (Level |)
Testing and Monitoring (Level I1)
Modelling and DTWIN (Level I11)
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Performance

Indicators Pls
Tunnel_\_ |

Visual Inspection (Level |)
Testing and Monitoring (Level I1)
Modelling and DTWIN (Level I11)
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Solicitation ‘

We will make available tables treated in G and ask you to provide us with your comments
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Thank you all for
attending, questions,
Input, etc.

D IM-SAFE

www.IM-safe-project.eu
https://www.linkedin.com/company/im-safe-project/
https://cordis.europa.eu/project/id/958171
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