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IRIS Aging Formulation (CEN)
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SHM Standardization Activities in Europe

ITC

Date: 2012-06
prCWA 63:2012

TC

Secretariat: ON

Ageing behaviour of Structural Components with regard to Integrated
Lifetime Assessment and subsequent Asset Management of Constructed
Facilities —

Alterungsverhalten von Bauteilen in Bezug auf ganzheitliche Lebenszyklusbewertungen und weiterfilhrendes
Erhaltungsmanagement von Infrastrukturbauten —

ICS:

Descriptors: Draft version May 16", 2012

IWSHM 2013
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SHM Standardization Activities in Europe

Free Copies
available !

Industrial Safety and
Life Cycle Engineering

Technologies / Standards / Applications

IWSHM 2013



Standardization Objectives

» \What
» Who

» \Where
» \When
» How

IWSHM 2013



Standardization

» Why is it so difficult in “Civil”

No standard industrial applications
Almost every structure is a prototype
Wide uncertainties in materials

Big tolerances in properties

Major regional differences

vVvVvvyyvyy
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Standardization Road Map

» \Who

» All of us (all stakeholders) to reach wide
consensus
» Global participation required

IWSHM 2013



Standardization Road Map

» Where

» Everywhere

IWSHM 2013



Standardization Road Map

» \When

» Now!
» First Stage 2 Years
» Learn from Aerospace experience

IWSHM 2013



Standardization Road Map

» Why (Motivation)

» To comply with Owners Procurement
Procedures

» To comply with the demand of the
community

» To create a basic framework for SHM
applications

IWSHM 2013



Europe
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Costa Rica
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High Speed Railways




High Speed Applications (330 km/h)

IWSHM 2013






Standardization Road Map

» \What

» Distinguish between the State of Science
and Technology and the dally practice

» Issues where consensus has been
reached within the community

» Everything that requires to be reproduced
and compared

IWSHM 2013



System Reponse
(Monitoring)

IRIS @
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Modelling and Identification
(Model based Observer)

fM=0,70 Hz f =0,65Hz

< Update

IRIS @
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Life Cycle Engineering

(Life Time and Costs)

Design Disposal
Conception Implementation Operation Modification

Cost of Operation

=== Robust OS
Bridges
“ Buildings

+ Operational Life Time + Extension

— Total Costs and Life Time

IWSHM 2013
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Risk Model and Quantification

(Effect of Uncertainties)
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Real Time Decision Support Performance

IWSHM 2013
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Standardization Road Map

» Standardize Physics
> HOW » Nationalise Politics

» There are many best practice documents
already available (compare to ARP —
Aerospace Recommended Practice)

» We have to reduce the scope to issues of
common Iinterest and wide consensus

» Connect to existing standards (ISO 31000)

IWSHM 2013



Best Practice Document ?

CHRISTIAN BOLLER - FU-KUQ CHANG - YOZO FUJINO
Ency‘cloloedlo of
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Existing Standards

[nternational |
Guidelines for the FHWA Long-Term
Application of Bridge Performance

Technology to Bridges | Program

Volume 1: A General Guide for Infrastructure Owners

January 2011

IWSHM 2013



Best Practice Document ?
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Monitoring and Assessment

Currently translated

into Chinese 4
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Existing Standards

FINAL INTERNATIONAL  ISO/FDIS
DRAFT STANDARD 31000

ISO/ITC TMB

Secretariat JISC Risk management — Principles and
) ) guidelines

Voting begins on:

2009-05-25

Management du risque — Principes et lignes directrices

Voting terminates on;
2009-07-25

Cn
WDE EUPPORT-

Referencs number
ISO/FDIS 31000:2009(E)

N ON-Downioad - Service 22.06.2008 61170-2, FCP-Fritsch, Chiari & Partner ZT-GesmbH Diesterwegg. 3, A-1140 Wien

180 2008
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Risk management principles, framework and

process

IWSHM 2013

ISO 31000

al Creates value

by Integral part of
organizational processes

cy Part of decision making

di Explicitly addresses
unce rtainty

al Systematic, stroctured
and timely

fy Based on the best
available information

gh Tailored

hi Takes human and
cultural factors into
account

Y Transparent and inclusive

Y Dynamic, iterative and
responsive to change

ki Facilitates continual
improvement and
enhancement of the
organization

Principles for managing
rish
[Clause A)

Mardate
and
comm itment [4.2)

[

Design of
framewrork
for managing risk
4.3
. Continual Im plementing
improvement sk
of the management
framework (44}
(4.3
Monitoring
and reviewr
of the
framework
4.5)

Framewaork for managing

risk
[Clause 4

L 4

Communication and consuktation (5.2}

r

Establishing the context
(5.3)

Risk assessment|(5.4)

r

'

‘.:JI Ri=k identification (5.4.2) |._

r

Risk analysis [5.4.3) I=

| Risk evaluation [5.44) |4

L 4

L

Mo nitoring and review [5.8)

-~

Risktreatment [5.5)

|<—¢

Process for managing risk
[Clause 5




Risk is the effect of uncertainty on objectives

-> Reducing the uncertainty, reduces the risk

IWSHM 2013



RISK MANAGEMENT FRAMEWORK:

Elements and Uncertainties
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Existing Standards

ITC

Date: 2012-06

prCWA 63:2012

TC

Secretariat: ON

Ageing behaviour of Structural Components with regard to Integrated
Lifetime Assessment and subsequent Asset Management of Constructed

Facilities —

Alterungsverhalten von Bauteilen in Bezug auf ganzheitliche Lebenszyklusbewertungen und weiterfilhrendes

Erhaltungsmanagement von Infrastrukturbauten —

ICS:

Descriptors: Draft version May 16", 2012



IRIS Aging Formulation (CEN)

Safety level

Initial over design
1.7

Level of failure
1,0
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Existing Standards

S ‘ - SAMCO Final Report 2006

AMCO F08b Guideline for Structural Health Monitoring

FO8b

Guideline for Structural Health Monitoring

Dir. u. Prof. Dr. W. Ricker, Dipl.-Ing. F. Hille, Dipl.-Ing. R. Rohrmann

Federal Institute of Materials Research and Testing (BAM),
Division VII.2 Buildings and Structures
Unter den Eichen 87, 12205 Berlin, Germany

IWSHM 2013



Existing Standards

S St SAMCO Final Report 2006

AMCO F08a Guideline for the Assessment of Existing Structures

FO8a

Guideline for the Assessment of Existing Structures

Dir. u. Prof. Dr. W. Riicker, Dipl.-Ing. F. Hille, Dipl.-Ing. R. Rohrmann
Federal Institute of Materials Research and Testing (BAM),

Division VII.2 Buildings and Structures
Unter den Eichen 87, 12205 Berlin, Germany

IWSHM 2013



Existing Standards

ISIS Educational Module 5
An Introduction to

Structural Health Monitoring

Pregared by ISIS Casada

A Canadan Nework of Canpes of Exelence

#ww 535313 com

Princpat Contrbuior: LA Bisby, Pr, PEng
Degartment of Cid Engineeting, Qusen's Uriversty
Cosirbute: MB. Srgio

Bugast 2004

155 Education Commigies

N Banha, Unnersty of Brash Colmbia
50y, Queen's Unnersty
R Briion, Lishversty of Maniobs

n
R Cheng, Unsersiy of Aberaa

G Falis, Vexo: Cosstrucios Group

R Hulinson, Red Rver Colege

A MuB, Uneersly of Masinds

K. Neake, Universie de Sherbrooke
J. Neshook, Daoase Unbersiy

K Soud. Unwersty of Waieriog

L Wegner, Unnersty of Sasiciheaar

U
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Existing Standards

Qualititssicherung bauliche Erhalt

Uberwachung, Kontrolle und Priifung von Kunstbauten Blatt 0,0
MONITORING VON BRUCKEN UND ANDEREN INGENIEURBAUWERKEN RVS 13.03.01
Quality A for Structural Mair

Surveillance

Checking and Assessmant of Bridges and Tunnels
Monitoring of Bridges and cther Engineering Structures

Osterreichische Forschungsgesellschaft StraBe = Schiene = Verkehr

Einfiihrungsschreiben

Wien, am 1, Februar 2012

An dig

Autobahnen- und Schnellstralien Finanzierungs-Aktiengesellschaft
ASFINAG Bau Management GmoH

ASFINAG Maut Service GmbH

ASFINAG Alpenstralien GmbH

ASFINAG Service CmbH

ASFINAG International GmbH

An das

Amt der Burgenlandischen Landesregierung, Straflenverwaltung

Amt der Kaminer Landesregierung, Strafenverwaltung

Amt der Niederdsterreichischen Landesregierung, Strallenverwaltung
Amt der Oberdsterreichischen Landesregierung, Strafenverwaltung
Amt der Salzburger Landesregierung, Stralenverwaltung

Amt der Steiermarkischen Landesregierung, Stralenverwaltung

Amt der Tiroler Landesregierung, Straltenverwaliung

Amt der Vorarlberger Landesregierung, Straflenverwakung

Amt der Wiener Landesregierung, MA 28 = Straienverwaltung

Die O ichische Forschung: Aschaft Strafe = Schi = Verkehr hat im Zusammenwirken mit dem
Bundesministerium fir Verkehr, Innovation und Technologie, der ASFINAG und den Landesbaudirektionen der
Bundesldnder die

RVS/Mxbl 13.03.01: Qualitatssicherung baulche Erhaltung
1, Februar 2012 Uberwachung, Kontrolle und Priifung von Kunstbauten
Meonitering von Briicken und anderen Ingenieurbauwerken

fur die Anwendung aul Bundess, Landess= und Kemmunalebene im gesamlen Bereich des Strallenbaues auss
gearbeitet,

Merkblatter sind Handlungsvorschriften mit empfehlendem Charakter und stellen den Stand der Technik fur
einen definierten Anwendungsbereich dar. Sie beruhen auf gesetzlichen, normativen und weiteren aktuellen
technischen Regel und geben einen grundsatzkch erprobten Standard wieder. Sie werden vom Vorstand der

ri & Partoner ZT GmbH, Wien em 29,02,2012

<
2

AG: Briickenbau STERREICHISCHE
Ly AA: Uberwachung, Kontrolle und Prifung von Bricken und anderen Fo o SES SCHAFT W
Ingenicursauwerken . it
S EHR § Wi fiode= neun .
Disses Werk ist urhebermechiich geschitzl Alls Rechle e der U der Entnahme von Abbidungen,

dar an chom oder Shnicham Waga und dor 5 gsaniagan, sind, such
bai nur etung, nur doy FSV Bui Ererts i Faom ist die Spoic! auf wm Sims der
Lzanzvarainbaning araidt
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Incorporation into the process of structural
evaluation based on codes/standards

Bridge Inspection R
]
Possible Impairment of :
Load-Bearing Capacity Calculational I;IMIT STATES
0
fmmediate Measures < LOAD-BEARING CAPACITY (ULS)
v S, <R,
Recalculation
Eurocode | Semi-probabilistic OR SERVICEABILITY (SLS)
g Safety Concept
y ¥ 0
Proper ‘_®__( :)_... lied with
Measures Verlcﬁ;;%fact/grding
U 6 = = = - tQONORY B AXe od 4 o s m n o n mm o mm = = = -
and ONORM EN 19xx
3 Recalculation with MONITORING
N up-dated structural . -
ONR 2 information Provision of
& REAL LOADING
Measures .x‘ e Veri%zggfgcﬁgﬁding or RES|STANCE
ONORM B 4.
& a,fZ ONORM EN););)LX Sd < R d
“ Evaluation of
g Reliability
g acc. to ONORM EN 1990
Proper q_{g_—{:)—p Complied with
Measures Reliability Level acc.
? to ONORM and EN
<
3 Full Awareness
] of reduced Reliability —

IWSHM 2013



Proposed Procedure

IWSHM 2013

Let’s build an international core group of
decisive members

Make a priority of issues for international
standardisation

Find a group of engaged young
collaborators for elaboration of the text
Standardize it in a CEN Workshop and
relate it to national activities

If accepted transfer it to ISO



Issues for Standardization

4 |ssues to start with

1. Definition of the colour scheme for risk
rating (simple and complex)

2. Compensation of environmental and
loading influences on monitoring field data

3. Procedure for fatigue life monitoring and
assessment

4. Format for data exchange and meta data,
joint multi lingual glossary

IWSHM 2013



Inspection Result

International Comparison

Comparative Sructural Inspection
USA Netherlands  Germany Austria Japan

9 1 10-14 1 safe and operational
8 A

safe and operational
7 2 2 (minor repair)
6 B

safe — indicating reduced
5 ) 20-24 operability
repair demanded

safe and useable during repair

reduced safety and operability
retrofit demanded

unsafe

D.OT. DIXK DIN1076 RVS13.03.11

IWSHM 2013



RISK MANAGEMENT FRAMEWORK:

Risk Quantification #2

» Complex R|Sk |ndeX Exposure

Vulnerability

Hazard

IWSHM 2013
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SHM Standardization Activities in Europe

Free Copies
available !

Industrial Safety and
Life Cycle Engineering

Technologies / Standards / Applications

IWSHM 2013



Compensation basics in frequency analysis

Temperature
Moving loads
Wind

Impact energy
Instrumentation
Boundary conditions Fioar = To +_ Z fi |,
Geometry i0 factors
Pavement
Utilities

Natural sources
Transfers

or Damage

IWSHM 2013



1st Eigenfrequency Basing Point Europabriicke 18_03_2004

Pre-assumed consequence of temperature-
compensation to the eigenfrequency pattern

IWSHM 2013



Pattern of the asphalt layer's flexural rigidity in dependence of temperature
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Pattern of 1st Eigenfrequency before and after compensation of temperature

1. Eigenfrequency
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Pattern of the modified 1st eigenfrequency being strongly affected by the
progression of freight traffic as well as the overall traffic
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Pattern of 1st Eigenfrequency after compensation of all major impacts
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Fatigue Life Determination

Rainflow Matrix

Fatigue relevant response cycles at the analysed D=— D=Y-L D,=Y- D=)D=D+D
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Funding

IWSHM 2013

A CEN Workshop lasts 2 years maximum
and costs 40.000 US$ in fees

All partners shall carry their own costs for
participation and elaboration from national
funds

We have a project to support this activity
and could offer the organisation and lead
We should have a draft/final document
ready by the next IWSHM in 2015



VEE

Vienna Consulting Engineers
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Summary

Civil SHM fell behind other sectors
The community is too fragmented
Standards could help to break through

| Volunteers welcome !!!!

| Join our lunch meeting (here in Memorial Auditorium)
and become a member of the team

wenzel@vce.at



