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Structural Aging and Deterioration
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Progressive Collapse under Corrosion

Silver Bridge Mianus River Bridge,

Ohio, 1967 Connecticut, 1983
stress corrosion and corrosion fatigue rust formation and fatigue cracks
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Recent Bridge Failures in Italy
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Stressors, Loading, Exposures
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Climate Change Effects

Temperature change in the last 50 years

2011-2020 average vs 1951-1980 baseline
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Bridges

WWW.INFRASTRUCTUREREPORTCARD.ORG

“There are more than 617,000 bridges across the U.S. Currently, 42% of all bridges are at least 50 years old,
and 46,154, or 7.5% of the nation’s bridges, are considered structurally deficient, meaning they are in “poor”
condition. Unfortunately, 178 million trips are taken across these structurally deficient bridges every day.”

“A recent estimate for the nation’s backlog of bridge repair needs is $125 billion.”
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Lombardia
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Risk Maps
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2020 ITALIAN GUIDELINES ON RISK CLASSIFICATION AND MANAGEMENT OF BRIDGES
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Life-Cycle Performance under Uncertainty

Paradigm Shift: Time is the new Variable, Infrastructure is the new Scale !
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Biondini, F., Frangopol, D.M., 2016. Life-Cycle Performance of Deteriorating Structural Systems A
under Uncertainty: Review, Journal of Structural Engineering, ASCE, 142(9), F4016001, 1-17.
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ASCE JSE Survey

Life-Cycle Performance of Civil Structure
and Infrastructure Systems: Survey

F. Biondini and D.M. Frangopol

ASCE Journal of Structural Engineering
Vol. 144, No. 1, 2018

U Life-cycle-oriented computational models are well established for some of the most detrimental
damage processes, such as corrosion and fatigue, and are rapidly becoming available for a wider
spectrum of deterioration mechanisms.

U However, deterioration models are very sensitive to change of the key damage parameters.
Robust validation and accurate calibration are difficult tasks because of limited availability of data.

Q Further efforts in this direction, aimed at gathering new data from both existing structures and
experimental tests, are crucial for a successful implementation of life-cycle frameworks.
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Experimental Testing on Existing Structures

BRIDGE|50

RESEARCHPROJECT
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Biondini, F., Manto, S., Beltrami, C., Tondolo, F., Chiara, M., Salza, B., Tizzani, M., Chiaia, B., Lencioni, A., Panseri, L., Quaranta, L., 2021.
BRIDGE|50 Research Project: Residual Structural Performance of a 50-Year-Old Bridge. Tenth Int. Conference on Bridge Maintenance, Safety
and Management (IABMAS 2020-2021), April 1115, 2021, Sapporo, Japan.
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Corso Grosseto Viaduct (Turin, Italy)
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Bridge Inspection
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Testing Site

U 25 I-shaped deck beams
U 4 U-shaped box beams
U 2 pier caps
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Testing site
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Statistical Data Processing
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Full Scale Load Tests
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Savino, P, Tondolo, F., Sabia, D., Quattrone, A., Biondini, F., Rosati, G., Anghileri, M., Chiaia, B., 2023. Large-scale
experimental static testing on 50-year-old prestressed concrete bridge girders, Applied Sciences, 13(834), 1-22, 2023.
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Load Tests (in progress)
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Model Validation
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Anghileri, M., 2022. Life-Cycle Performance of RC/PC Bridges: Computational Modelling and Experimental Validation. PhD Thesis, Politecnico di Milano.

Anghileri, M., Biondini, F., 2025. Validation of life-cycle-oriented computational methods for nonlinear analysis of RC/PC structures based on
experimental tests, Structure and Infrastructure Engineering (In press).
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PC Deck Beams under Artificial Damage
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PC Deck Beam under Shear Failure
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Model Validation | Cracking Pattern
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Corrosion Assessment
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Carsana, M., Redaelli, E., Biondini, F., 2023. Field and laboratory tests for corrosion assessment of existing concrete bridges, Keynote paper,
Eighth International Symposium on Life-Cycle Civil Engineering (IALCCE 2023), July 2-6, 2023, Milan, Italy. In: “Life-Cycle of Structures

and Infrastructure Systems”, F. Biondini, D. M. Frangopol (Eds.), CRC Press, London, UK, 45-56 (Open Access).
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Model Validation | Pier Caps (in progress)

Loading scheme X MCFT-based mesh (9114 CST)

3000

2500

2000 [

1500 [

Load QO [kN]

= [ntact

500 Damaged

0 1

0 5 10 1
Displacement d [mm]

5

20

El
TORINO BRIGES0

Y 2 =
25 R 2F rrenimassa

B8 REGIONE e
B W PIEMONTE . d

Cofinanziato dal meccanismo per collegare
UEuropa all'Unione europea




Research Needs and Activities

» An effort is ongoing in the structural engineering community to promote further advances on
life-cycle design of deteriorating structures and infrastructure systems under uncertainty
and to incorporate life-cycle concepts into risk-based design codes and standards

considering the potential impact of climate change.
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International Association for
&, Life =Cycle Civil Engineering

http://www.ialcce.org

IABMAS Italy Group

ASCE

AMERICAN SOCIETY OF CIVIL ENGINEERS
http://www.asce.org

Former SEI/ASCE Technical Council
Life-Cycle Performance, Safety,
Reliability and Risk of Structural
Systems (2008-2023)

Task Groups:

TGu. Life-Cycle Performance of
Structural Systems under Uncertainty

TG2. Reliability-Based Performance
Indicators for Structural Systems

TG3. Risk Assessment of Structural
Infrastructure Facilities and Risk-Based
Decision Making
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ASCE Books

LIFE-CYCLE

DESIGN,
ASSESSMENT,

AND MAINTENANCE

OF STRUCTURES AND
INFRASTRUCTURE SYSTEMS

Risk-Based Structural
Evaluation Methods

Best Practices and Development
of Standards

Edited by Michel Ghosn,
Graziano Fiorillo, Ming Liu,
and Bruce R. Ellingwood

Task Group 1.0n Life-Cycle
Performance'of Structural
Systems under Uncertainty

Effects of Climate Change
on Life-Cycle Performance
of Structures and
Infrastructure Systems

Safety, Reliability, and Risk

Task Group 2 Reliability-Based Performance
Indicators for Structural Systems

Edited by
Edited by S S . . .
Fabio Biondini - Zoubir L + Michel Gh
Fabio Biondini.and Dan M. Frangopol bkl LR S o L RSB Lt
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International Symposia organized by IALCCE

2016, DELFT
2018, GHENT o
- Q 2012, VIENNA

2023, MILAN & [}
' 2020, SHANGHAI o]

2008, VARENNA Q 2010, TAIPEI
‘ MILANG ;

) lalcce

la
W nternational /\ssociation for
7 Life = Cycle Civil =ngineering

~ 900 Members
66 Countries
ialcce.org
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IALCCEZC 23 INTRODUCTION ~ ORGANIZATION © PROGRAM ~ ABSTRACTS & PAPERS ~ EXHIBITION ¥
o

Life-Cycle of Structures and
Infrastructure Systems Open

Access

Editors
Fabio Biondini and Dan M. Frangopol

| Intemational Assoclation for
» Lite-Cycle Civil Engineerin

IALCCE2023

Eighth International Symposium on Life-Cycle Civil Engineering
(5] June 11-15, 2023

https://ialcce2023.org

Biondini, F., Frangopol, D.M., (Eds.), 2023. Life-Cycle of Structures and Infrastructure Systems.
CRC Press, Taylor & Francis Group, London, UK, 514 papers, 4240 pages, ISBN 9781003323020.
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Life-Cycle
Civil Engineering

Editor
Fabio Biondini & Dan M. Frangopol

Life-Cycle of Engineering Systems:
Emphasis on Sustainable Civil Infrastructure

Editors.
Jaap Bakker, Dan M. Frangopol
and Klaas van Breugel

== '

Life-Cycle of: Civil
Engineering Systems

SH)SHusH Chen Dan M ranaope) & Alfreds H-S Ang

Life-Cycle Analysis
and Assessment

in Civil Engineering:
Towards an Integrated Vision
Editors

Robby Caspeele. Luc Taerwe
& Dan M. Frangopol

Life-Cycle and Sustainability of
Civil Infrastructure Systems

Editors
Alfred Strauss, Dan M. Frangopol
and Konrad Bergmeister

Life-Cycle Civil Engineering
Innovation, Theory and Practice

Editors
Airong Chen, Xin Ruan,
&Dan M. Frangopol

Life-Cycle of Structural Systems:

Design, Assessment,
Maintenance and Management

Editors.
Hitoshi Furuta, Dan M. Frangopol
and Mitsuyoshi Akiyama

Life-Cycle of Structures and
Infrastructure Systems

Editors
Fabio Biondini and Dan M. Frangopol

Volume 7 Numbers 1-2 Jonuary-February 2011 1SSN 1573:2470

Structure and
Infrastructure Engineering

Maintenance, Management,
Life-cycle Design and Performance

Edifor-In-Chief: Dan M. Frangopol
Special Issue:
Life-oycle of civil engineering systems

Guest Edilors:
Fabio Biondini.and Da M Frangopol

@ e s

SIE SPECIAL ISSUES

IALCCE'08

Vol. 7, Nos. 1-2, 2011 (15 arficles, 198 pages).
IALCCE 2010

Vol. 10, No. 7, 2014 (7 articles, 85 pages).
IALCCE 2012

Vol. 12, No. 7, 2016 (4 articles, 60 pages).
IALCCE 2014

Vol. 13, No. 1, 2017 (16 articles, 209 pages).
IALCCE 2016

Vol. 14, No. 7, 2018 (14 articles, 205 pages)
IALCCE 2018
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