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H. Kesting & M. Helmus

Numerical determination of the wrinkling stress of steel polyurethane sandwich panels for
reuse scenarios

K. Janczyk & M. Kuhnhenne

Allowable strength estimation of vertical members used for system scaffolds considering
reusability

N.G. Jang, J.H. Won, S.S. Ko, J.K. Bong & D.H. Chung

Limits of reuse of steel
P. Kamrath

The deconstruction of a steel based single story hall
P. Kamrath

On the development of regulations for the increased reuse of steel structures
H. Bartsch, F. Eyben, J. Voelkel & M. Feldmann

RFID-based traceability system for constructional steel reuse
P. Hradil, K. Jaakkola & K. Tuominen

Environmental and economic impact of steel industrial buildings made of reclaimed elements
R. Buzatu, V. Ungureanu & P. Hradil
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MS16: Assessment of existing masonry arch bridge infrastructure
Organizers: M. Gilbert, G. Cardani, T. Boothby & D. Coronelli

Optimal strengthening of masonry arch bridges with externally bonded reinforcing layers
M. Bruggi & A. Taliercio

Static and seismic assessment of Ponte delle Capre, a masonry arch bridge
F. Casarin, S. Bellin, M. Mocellini & R. Fabris

Damage accumulation in the structural life and assessment of masonry bridges
T.E. Boothby & D. Coronelli

Three-dimensional limit analysis of barrel arch bridges
D. Coronelli & M.C. Giangregorio

The reinforced arch method for the life of the ancient bridge of Omegna
L. Jurina, E.O. Radaelli & D. Coronelli

Numerical investigation of 3D response characteristics of masonry bridges by detailed
mesoscale masonry models

M.S. El Ashri, S. Grosman, L. Macorini & B. A. Izzuddin

Experimental investigation of the effect of masonry infill on the performance of masonry
arch bridges

S. Amodio, M. Gilbert & C.C. Smith

Multi-fidelity modelling of masonry arch bridges under traffic loading
S. Grosman, Q. Fang, L. Macorini & B.A. Izzuddin

Analysis of masonry arch bridges using multi-scale discontinuity layout optimization
L. He, N. Grillanda, J. Valentino, M. Gilbert & C.C. Smith

The role of history in the structural assessment of a multi-span masonry arch bridge
G. Zani, P. Martinelli, G. Cardani & M. di Prisco

Stochastic load-carrying capacity assessment of brick masonry arch bridges
B. Liu, I. B. Muhit & V. Sarhosis

New UK guidance for the assessment of masonry arch bridges
M. Gilbert, C.C. Smith & S. Amodio

MS17: Recent advance in seismic protection systems: Design, modeling and testing
strategies of traditional and innovative solutions
Organizers: A. Pavese & M. Furinghetti

Prestressed lead damper for seismic protection of structures
V. Quaglini, C. Pettorruso, E. Bruschi & M. Sartori

Nonlinear analysis of base isolated buildings with curved surface sliders including
over-stroke displacements

F.C. Ponzo, A.D. Cesare & N. Lamarucciola

Effects of wear on the friction coefficient of a curved surface slider
V. Quaglini, E. Bruschi, E. Cavdar, G. Ozdemir, V. Karuk & U. Ozgamur

Effects of rubber shear modulus variability on the seismic response of isolated bridges
M. Marra & S. Silvestri

XVi

1315

1323

1331

1338

1344

1352

1360

1368

1376

1384

1392

1400

1411

1419

1427

1435



Prediction of the response of a lead-core rubber bearing using machine learning
T. Zhelyazov, S. Olafsson & R. Rupakhety

Experimental assessment of anti-seismic devices performance
A. Pavese, S. Reale & M.J. Fox

Vulnerability assessment of bridges within the Italian highway network
S. Reale, A. Pavese & M. Furinghetti

Life-Cycle Assessment (LCA) of fiber-reinforced reclaimed-rubber seismic isolators
F. Cilento, D. Losanno, C. Menna, C. Ciriello & F. Parisi

Definition of a design procedure of seismic isolation systems based on rubber bearings
M. Furinghetti

Inverse design of isolated structures using predicted FEMA P-58 decision variables
H.G. Pham & T.C. Becker

Seismic behaviour of building using damage-avoidance shearwall hold-downs
L. Budi

MS18: Safety and maintenance of masonry arch bridges: diagnostic,
monitoring, modelling, risk analysis and retrofit interventions
Organizers: F. Cannizzaro, N. Cavalagli, C. Chisari, B. Panto, F. Scozzese, P. Zampieri & M. Zizi

Preliminary investigation on the response sensitivity of masonry arch bridges subjected to scour
F. Scozzese, A. Dall’ Asta & E. Tubaldi

A methodology to derive scour fragility functions for masonry arch bridges
G.D. Di Dieco, M. Pregnolato & A.R. Barbosa

Experimental modal analysis and finite element model updating of a historical masonry arch
bridge
M. Morici, V. Nicoletti, G. Leoni & F. Gara

Influence of site effects on the seismic vulnerability of masonry arch bridges
O. Saygih & J.V. Lemos

Computational strategy for the design of monitoring for masonry arch bridges using DIC
procedures

S. Grosman, Q. Fang, L. Macorini & B.A. Izzuddin

Influence of uncertain mechanical parameters on the load-bearing capacity of multi-span
masonry arch bridges

M. Zizi, C. Chisari & G. De Matteis

Simplified analysis on multiring masonry arch bridges
R. Piazzon, P. Zampieri & C. Pellegrino

Effects of changing temperature in the vibration-based model updating of a masonry bridge
P. Borlenghi, A. Saisi & C. Gentile

Numerical approaches to assess the load capacity of FRCM strengthened masonry bridges
D. Santinon, P. Zampieri, C. Pellegrino, D. Ricci, F. lodice, A. Vecchi & F. lacobini

3D collapse mechanisms of masonry bridges subjected to horizontal actions
L. Niero, P. Zampieri & C. Pellegrino
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Near-collapse deformed configuration of masonry arch bridges
G. Stagnitto & P. Zampieri

Safety checking at point and section level of masonry arch bridges
G. Stagnitto, R. Siccardi, M. Ghioni & P. Zampieri

Discrete Macro-Element structural assessment of a railway masonry arch bridge subjected to

pier settlements
D. Rapicavoli, F. Cannizzaro, S. Caddemi & I. Calio

SPECIAL SESSIONS

SS1: Climate change effects on life-cycle safety, reliability, and risk of structures and
infrastructure systems
Organizers: F. Biondini, Z. Lounis & M. Ghosn

Framework for life-cycle tsunami risk assessment considering sea-level rise effects due to
climate change

A.K. Alhamid, M. Akiyama, K. Aoki, S. Koshimura & D. M. Frangopol

Life-cycle design of concrete highway bridge decks under climate change
H. Shirkhani, Z. Lounis & J. Zhang

Climatic design data for buildings and infrastructure under changing climate in Canada
H. Shirkhani & Z. Lounis

Life-cycle structural reliability of RC bridge piers under corrosion in a changing climate
G.V. Nava, L. Capacci, F. Biondini & L. Casti

Risk based life-cycle planning for flood-resilient critical infrastructure

S.S. Palic, 1. Stipanovic, E. Ganic, M. Kosic, A. Anzlin, M. Bacic, M.S. Kovacevic & K. Gavin

Equitable climate adaptation framework for levees
A. Mohammed & F. Vahedifard

SS2: SHM for life-cycle informed management of degrading structures
Organizers: M. P. Limongelli, P. Gardoni, S. Thons & D. Lu

Integration of information quality assessment in bridge resilience management
N. Makhoul & M.P. Limongelli

Optimum inspection scheduling of steel storage tanks based on past ultrasonic thickness
measurements

S.A. Faroz, M.S. Khan & S. Ghosh

The role of life-cycle civil engineering practices in smart and sustainable cities
M.D. Lepech, A.S. Kiremidjian & K. H. Law

Value of information under random decision, model, and measurement errors
Z.Y. Mir Rangrez, J. Ghosh, S. Ghosh & C. Caprani

A review on low-cost sensors compatible with open-source platforms used for life-cycle
monitoring of civil structures

M. Komary, S. Komarizadehasl, J. Turmo, F. Lozano, J.A. Lozano-Galant & X. Ye
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On the utilization of multiple information for the integrity management of deteriorating
systems

G. Costa, M. P. Limongelli & S. Thins

SS3: Monitoring of structures for informed decision making
Organizers: A. Strauss & D. M. Frangopol

Recent progress developing a rating framework for evaluating SHM for bridge scour
P.J. Vardanega, G. Gavriel & M. Pregnolato

Predicting the usefulness of monitoring information for structural evaluations of bridges
N. Bertola & E. Briihwiler

Monitoring and data informed approaches for the condition assessment of existing
structures

E. Apostolidi, M. F. Granzner, A. Strauss & R. Geier

A novel low-cost inclinometer sensor based on fusion technology for structural health
monitoring applications

M. Komary, A. Alahmad, S. Komarizadehasl, J. Turmo, J.A. Lozano-Galant & Y. Sun

Sensor monitoring for engineering structures: Applications to tunnels

A. Strauss, F. Sattler, B. Tdubling-Fruleux, C. Seywald, H. Neuner, V. Kostjak &
D.M. Frangopol

Digital twins for bridges — concept of a modular digital twin based on the linked data
approach

T. Zinke, S. Reymer, S. Kosse, P. Hagedorn, M. Konig, F. Wedel, S. Schneider, S. Marx,
S. Nieborowski & S. Windmann

SS4: Artificial intelligence-based life-cycle management of infrastructure systems
Organizers: Y. Dong, D.M. Frangopol & X. Lei

Sustainability-informed intelligent management of aging civil infrastructure systems with
emphasis on bridge networks

X. Lei, Y. Dong & D. M. Frangopol

Meta-learning method for efficient time-variant reliability analysis of deteriorating
structures

T. Gao, J. Cheng, Y. Liu, M. Cheng & D. M. Frangopol

Optimization of sewer flushing programs: A deep reinforcement learning approach
A. Keshvari Fard & X.-X. Yuan

Carbon emission reduction in railway maintenance using reinforcement learning
J. Sresakoolchai & S. Kaewunruen

Intelligent monitoring and control method of the life-cycle cable-stayed bridge with
steel-concrete composite beam

G W. Yao, G.F. Zhang, S.Y. Li, Y.F. Wu, E.G. Jiang & Y.D. Zhu

Integrating unstructured data analytics and BIM to support predictive maintenance
S. Sobhkhiz & T. El-Diraby
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SS5: Concrete damage assessment using coda waves
Organizers: C. Gehlen, E. Niederleithinger, J. Timothy & T. Krdnkel

Ultrasonic monitoring of large-scale structures - input to engineering assessment
N. Epple, C.A. Sanchez-Trujillo & E. Niederleithinger

A new technique to detect altered stresses in tendons early
N. Striter, F. Claufp, M.A. Ahrens & P. Mark

Comparison of structural analysis results with coda wave interferometry measurements
S. Grabke & K.-U. Bletzinger

About the separation of impacts on coda waves in concrete
F. Diewald

A virtual lab for damage identification in concrete using coda waves
G. Vu, G. Meschke, J.J. Timothy & E.H. Saenger

The hydration of cement paste: Thermodynamics driven multi-scale modeling of elastic
properties and coda wave interferometry based monitoring

E. Jdgle, J.J. Timothy, F. Diewald, T. Krinkel, C. Gehlen & A. Machner

SS6: Life-cycle redundancy, robustness, and resilience indicators for aging
structures and infrastructure systems under multiple hazards
Organizers: F. Biondini & D. M. Frangopol

Financial risk assessment of flexible infrastructure systems
N. Acuiia-Coll & M. Sdanchez-Silva

Time-dependent assessment of corrosion impact on R/C members
M. Calo & G. Gabbianelli

Resilience-based optimal management of aging bridge networks under mainshock-aftershock

sequences
L. Jafari, L. Capacci, F. Biondini & M. Khanmohammadi

Risk-based optimal life-cycle maintenance of post-tensioned concrete bridges considering
accuracy of inspection methods in structural model updating

M. Taeby, A.B. Mehrabi & K. Lau

Seismic safety assessment of “Palacio do Itamaraty” at Brasilia reliability-based
P.Q Rodrigues, J.C. Pantoja & P.S.T. Miranda

SS7: Bridge weight-in-motion systems and applications to structural health monitoring

Organizers: S. Mustafa & D. Cantero

Bridge weigh-in-motion to support SHM
D. Cantero

Bayesian-based bridge influence line identification and uncertainty estimation
S. Mustafa, I. Yoshida & H. Sekiya

Bridge weigh-in-motion: Feedback on various types of bridges
F.B. Cartiaux, V. Le Corvec, J. Semiao & A. Brouste
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Estimation of remaining fatigue life of railway bridges using measurements from the WIM
system

M. Zakharenko, G.T. Froseth & A. Ronnquist

Bridge-weigh-in-motion by strain of transverse stiffener and heavy-truck traffic
characteristics in Fukuoka area, Japan

E. Yamaguchi, Y. Furusato, R. Nakamura & K. Horiuchi

Deep sensor-fusion approach to vehicle detection on bridges using multiple strain
sensors

H.T. Vuong, A. Takasu & T.P. Doan

SS8: Performance, safety, and cost of civil infrastructure in a life-cycle context
Organizers: Y. Li, P. Yuan, Y. Dong & D.M. Frangopol

Masonry design for extended life-time usage by implementing joint behaviour
T. Molkens, J. Smits, S.V. Hout & R. Meuleman

Data-driven life-cycle risk assessment of bridge networks using Bayesian network
M. Cheng & H.O. Gao

Risk-based life-cycle loss assessment using statistical moments
Y. Zhang & Y. Li

Effects of high temperature on web crippling strength of lean duplex stainless steel tubular
sections

Y. Cai, C.-C. Lee, S.-L. Mak, L. Wang & F. Zhou

Risk-based fatigue assessment of orthotropic steel decks
J. Heng, Y. Dong, C. Baniotopoulos & S. Kaewunruen

Life-cycle management of offshore wind deteriorating structures under ship collision
accidental events

P. Salazar L., J. Moran A., P. Rigo & P.G. Morato

SS9: Risk-based prioritization and monitoring of bridges for road infrastructure
management in Lombardy region, Italy
Organizers.: F. Biondini, M. P. Limongelli, C. Gentile & M. Belloli

Static monitoring of a masonry arch bridge: Evaluating the effects of changing
environment

P. Borlenghi, C. Gentile, M. D’ Angelo & F. Ballio

Structural health monitoring of bridges based on GNSS

S. Bianchi, L. Capacci, M. Anghileri, F. Biondini, G. Rosati, G. Cazzulani, S. Barindelli &
S. Caldera

Remote monitoring of a concrete bridge through InSAR and GNSS measurements
O. Lasri, P.F. Giordano, M. Previtali & M. P. Limongelli

How to prioritize bridge maintenance using a functional priority index
M. Arena, G. Azzone, V.M. Urbano, P. Secchi, A. Torti & S. Vantini

XX1

1919

1927

1935

1945

1953

1961

1967

1975

1983

1993

2001

2009

2017



SS10: Deterioration modeling of concrete, rebar, steel and bond performance
Organizers: X. Gao, X. Ren & J. Li

Analysis of mechanical behavior of bond between plain rebar and concrete 2027
X. Gao, Y. Yu, C. Su& J. Li

Residual bearing capacity of corrosion-damaged reinforced concrete columns with annular
cross sections 2035

Y. Jiang, H.-P. Chen & W.B. Li

Steel liner corrosion and its effects on the leak-tightness of the nuclear containment structure 2043
XB Li, X.Y. Wu& J. X. Gong

Influence of combined corrosion of carbonation and cyclic loading on reinforced concrete
beams 2051

LX Zhu, Z.J. Zhou, Y.Q. Tian & C.R. Chen

SS11: BRIDGE|50: Experimental testing and model validation for life-cycle design and
assessment of RC/PC bridges
Organizers: F. Biondini, F. Tondolo, S. Manto & C. Beltrami

Large-scale experimental testing of 50-year-old prestressed concrete bridge girder 2061

P. Savino, A. Quattrone, D. Sabia, B. Chiaia, F. Tondolo, M. Anghileri, F. Biondini &
G. Rosati

Experimental tests for mechanical characterization of prestressed concrete bridge deck beams 2069
M. Anghileri, G. Rosati, F. Biondini, P. Savino & F. Tondolo

Experimental campaign for corrosion assessment of 50-year-old PC deck beams 2077
M. Carsana, E. Redaelli, D.O. Valoti & F. Biondini

Experimental validation of nonlinear finite element analysis of PC bridge deck beams based
on the results of full-scale load tests 2085

M. Anghileri & F. Biondini

Dynamic response of PC bridge beams under different damages 2093
D. Sabia, A. Quattrone, P. Savino & F. Tondolo

SS12: Exploiting digitalization in the intervention planning for transportation infrastructure
Organizers: B.T. Adey, S. Moghtadernejad, S. Chuo & H. Mehranfar

Decentralized control-based intervention policies for road networks 2103
Y. Nakazato, D. Mizutani & T. Nagae

Efficient early estimates of bridge interventions: Costs, required possession times and
associated failure risks 2112

H. Mehranfar, B.T. Adey, S. Chuo & S. Moghtadernejad

Estimation of bridge component condition states with varying data availability 2120
S. Chuo, B.T. Adey, H. Mehranfar & S. Moghtadernejad

State-of-the-art in the use of responsive systems for the built environment 2128
J. Suo, C. Martani, A.G. Faddoul, S. Suvarna & V.K.T. Gunturu

XXii



Digital twins in construction practice — A use case driven implementation based on existing
theory

T. Zinke, C.P. Schimanski, D. Schéfer, M. Rowsell & R. Schumann

SS13: Strengthening and rehabilitation of steel bridges

Organizers: X. Jiang, X. Qiang & Z. Lv

Numerical analysis of weld throat crack of rib-to-deck reinforced by bonding angle
steel

Z.L. Lv, X. Jiang, X.H. Qiang, H.L. Wu & J.M. Ding

Flexural behavior of prestressed concrete beams strengthened with external CFRP

tendons
L.L. Chen, X.H. Qiang, X. Jiang & P. Liu

Rehabilitation of cracked diaphragm cutouts in steel bridge using Fe-SMA
Y.P. Wu, X.H. Qiang, X. Jiang, H.L. Wu & J.M. Ding

Numerical study on the mechanical behavior of Fe-SMA/steel hybrid joints based on
cohesive zone modeling

Y. Shu, X.H. Qiang, X. Jiang, Q.L. Zhang & H.L. Wu

Full-scale experimental study on strengthened riveted gusset joints
S. Wang, Q. Su, B. Liu, X. Jiang, L. Chen & C. Zhang
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SS14: Data management and analysis for predictive maintenance of aging infrastructure

Organizers: F. Schmidt, M. Rasol & L.F. M. Sanchez

Weather condition effect on the road surface friction: A preliminary assessment based on
sensor data

M. Rasol, F. Schmidt & S. Ientile

Prediction of recovery time of infrastructure functionalities after an earthquake using
machine learning

B. Derras & N. Makhoul

Condition assessment and management protocols for concrete infrastructure affected by
internal swelling reactions: Challenge and research needs

R. Medeiros, A. Bergmann & L.F. M. Sanchez

The efficiency of laboratory test procedures for assessing field performance of concrete
against Alkali-Aggregate Reaction (AAR)

A. Bergmann, R. Medeiros & L.F. M. Sanchez
Digital twins for civil infrastructure: A case study on the Clifton suspension bridge
(Bristol, UK)

M. Pregnolato, S. Gunner, E. Voyagaki, R. de Risi, G. Gavriel, P. Tully, N. Carhart,
T. Tryfonas & C. Taylor

SHM analysis for damage detection using time series analysis methods
F. Schmidt, F. Chabi & J.-F. Bercher
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SS15: Reinforced concrete-to-concrete interfaces: experiments and modelling
Organizers: V. Palieraki & S. Cattaneo

Effect of size on the shear strength between old to new concrete interface
S. Cattaneo & M. Scamardo

Experimental behavior of interfaces with anchors to thin overlays
E. Oikonomopoulou, V. Palieraki, E. Vintzileou & G. Genesio

Calculation of the interface resistance in RC construction using different codes
V. Palieraki, E. Vintzileou & S. Cattaneo

Performance-based design of new concrete walls for building seismic rehabilitation
S.M. Alcocer & B. Moctezuma

Composite action in tunnel linings by use of shear connectors in concrete
interfaces

K. Mitroulis, N. Mellios, P. Spyridis & K. Bergmeister

SS16: Risk-informed life-cycle management of bridges
Organizers. I. Venanzi, M. P. Limongelli & U. Alibrandi

SHM-informed management of bridges in a life-cycle perspective
L. Ierimonti, F. Mariani, I. Venanzi & F. Ubertini

Integration of MCDM-based regional flood hazard indexing with the Cerema guidelines for

risk assessment of riverine bridges
M. Loli, G. Kefalas, S. Dafis, S.A. Mitoulis & F. Schmidt

Assessment as to the best strategies for the maintenance of existing bridges
A. Contardi & G. Pasqualato

The possibility of data integration of drive-by monitoring and direct bridge
monitoring

M. Miyagi, R. Shin, E. Mudahemuka & K. Yamamoto

SS17: BIM-based sustainability considerations in infrastructure construction
Organizer: M. Konig
Potential of holistic asset information management

A. Buttgereit, M. Block, D. Gogolin & S. Gomolluch

Towards environmental design decision-making for infrastructure planning using
parametric BIM

J. Hofmeyer, K. Forth, S. Esser & A. Borrmann

BIM-based EPD adaption in the context of ecological sustainability and municipal
infrastructures

J. Maibaum, M. Block, M. Konig & A. Wachsmann

Element approach for BIM-based life-cycle modeling of bridges
M. Miiller, T. Zinke & T. Ummenhofer
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SS18: Optimization of inspection, monitoring and maintenance strategies for existing
concrete structures
Organizers: R. Caspeele, W. Botte, G. Lombaert & A. Strauss

Inspection and assessment of PT structures: Results from application to an existing bridge
I Mazzatura, S. Caprili, W. Salvatore, J.R. Casas, M. Gammino, F. Ferrari & A. Piscini

Non-destructive and partially destructive test locations in RC structures: A combined spatial
optimisation and Bayesian updating approach
S. Karmakar, S. Ghosh, D. Saha & S.A. Faroz

FL decision system to choose the best maintenance strategy depending on condition
F. Binder, N. Hlebec, U. Schneck & A. Strauss

Probability-based service life design of repair mortar overlay in case of chloride-induced
depassivation risk

K. Van Den Hende, S. Helderweirt, W. Botte, S. Matthys, R. Caspeele & G. Lombaert

Early detection of corrosion in reinforced concrete using ultrasonic-guided waves
N. Habbaba, S. Mustapha & Y. Lu

The use of corrosion rates for the identification of damaged zones in a football stadium and
efficacy of surface inhibitors as repair method

C. Andrade, J.J. Muiioz & J.R. Rosell

SS19: Sustainability of steel production chain
Organizers: H. Gervasio & M. M. Sesana

Net-zero and lightweight steel technologies for the construction sector: Overview and case
studies in Italy

M.M. Sesana

Life-cycle assessment of light steel frame buildings: A systematic literature review
G. Marrone, M. Imperadori & M. M. Sesana

Building life-cycle assessment considering different structural materials
J.H. de Paula Filho, M. Charlier & M. D’ Antimo

Optimised steel structures for a low carbon future
M. D’ Antimo

The contribution of low carbon steel to the decarbonization of the building sector
H. Gervasio, L. Simées da Silva & M. D’ Antimo

SS20: Advances in performance and life-cycle design of green structural
materials for a more sustainable environment
Organizers.: B. Belletti, P. Bernardi & A. Sirico

Use of coarse recycled concrete aggregates and vitrified MSW ash in eco-concrete design
P. Plaza, C. Medina, A. Sirico, B. Belletti, P. Bernardi & J. Sanchez

Vitrified beads as aggregate replacement for sustainable cementitious materials

B. Belletti, P. Bernardi, S. Ravasini, A. Sirico, D. Milanese, C. Sciancalepore, M. Malavasi &
A. Cortese
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Mechanical strength and environmental sustainability of EAF concrete
F. Faleschini, D. Trento, M. A. Zanini, C. Pellegrino, V. Ortega-Lopez & A. Santamaria

Sustainable design of lightened reinforced concrete flat slabs in coastal environment
A.J. Sanchez-Garrido, I.J. Navarro & V. Yepes

SS21: Durability of reinforced concrete structures and infrastructures under changing
climate conditions
Organizers: S. Kessler, F. Marsili, P. Croce & F. Landi

Exploratory analysis of the impact of natural hazards on road infrastructure in the
Philippines
M. Adarne, A. Amir & M. Henry

Prediction of R.C. bridge deterioration under changing environmental conditions
F. Landi, P. Croce, F. Marsili & S. Kessler

Life-cycle assessment of R.C. bridge components based on cluster analysis and stochastic
process

F. Marsili, S. Kefler & F. Landi

Corrosion effects of RC bridges considering the climate change impact
M. Zucca, M. L. Puppio, F. Mistretta, F. Landi, P. Formichi & P. Croce

SS22: Life-cycle and sustainability of precast concrete structures
Organizers: B. Dal Lago, H. Rodrigues & P. Negro

Seismic response analysis of precast structures retrofitted with dissipation devices, including
qualitative assessment of environmental impact

F. Cavalieri, D. Bellotti, M. Caruso & R. Nascimbene

Aggregates for innovative use in precast concrete panels: State of the Art and perspectives
M.L. Puppio, F. Coccu, A. Usman, M. Valdés, A. Frattolillo, M. Sassu & L. Casali

Environmental impact reduction of precast multi-storey buildings by crescent-moon seismic
dampers hidden in beam-column joints

L. Casali, B. Dal Lago, A. Fulco & M. Mezzi

Life-cycle assessment of coal mining wastes upcycling
S. Muller, F. Lai, M. Nucci, E. Segu, R. Crane, W. Nash, A. Wrana, B. Bezak & L. Ferrara

SS23: Shaping development planning processes for infrastructure systems
under future uncertainty
Organizers: B.T. Adey, A. Elvarsson & O. Romdan

The value of accelerating the infrastructure planning process
A.B. Elvarsson, B.T. Adey & O. Roman

Stakeholder inclusive port development planning for an uncertain future
M. Eskafi & G.F. Ulfarsson

Probabilistic circular economy assessment for infrastructures considering time-variant
influencing factors

H. Lei, W. Wang, C.Q. Li & W. Yang
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Data-driven infrastructure systems design for uncertainty, sustainability, and resilience
M.-A. Cardin, A. Mijic & J. Whyte

Evaluating design modifications on a building portfolio considering future uncertainty and
multiple stakeholders

C. Martani, N. Calen & B.T. Adey

Exploratory modelling for transport infrastructure planning under future uncertainty
O. Roman, A.B. Elvarsson & B.T. Adey

SS24: Functional end-of-life framework applied to hydraulic structures
Organizers: E.J. Hamerslag, E. van Baaren & A. Bakker

Embedding functional performance in asset management of hydraulic structures
E.J.F. Hamerslag & A. M. R. Bakker

Assessing the functional end of life of critical hydraulic structures in The Netherlands
A.M.R. Bakker, E.S. van Baaren, E.J.F. Hamerslag & C.J.J. Bodelier

Framework functional performance hydraulic structures

E.S. van Baaren, J. Breedeveld, N.J. M. ten Harmsen van der Beek, T. O’ Mahoney, N. Kramer,
H. Berger & A. Barneveld

Determining the future functional requirements of a pumping-weir station with the help of
data-analysis

L. van Gijzen & A.M.R. Bakker

SS25: The process of decarbonization: from ideation to specification
Organizers: D. Shook & M. Sarkisian

Resilience through superelasticity
D. Shook, M. P. Sarkisian & C. Horiuchi

Design of the urban sequoia tower
M. P. Sarkisian, E. Long, A. Beghini, K. Micallef & S. Jaberansari

Achieving net zero embodied carbon: The SE2050 program and its impact on structural design
C. Horiuchi, M. Stringer & N. Wang

Quantifying and specifying decarbonization in buildings
N. Wang, D. Shook, K. Chang & E. Leung

Carbon optimization of hybrid material structures
M. P. Sarkisian, D. Shook, A. Zha & C. Horiuchi

SS26: Structural resilience in bridge engineering: Method, theory, and practice
Organizers: A. Chen, X. He & X. Ruan

A study on the mutual effect on fatigue damage of orthotropic steel decks and pavements
B. Wang, D.L. Wang, R. Ma & A.R. Chen

Modeling of coarse aggregate based on 3D point cloud and spherical harmonics
J.J. Zhang & Z.C. Pan
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Bridge tower aesthetic assessment using convolutional neural network 2678
D.L. Wang, Y. Ning, C. Xiang & A.R. Chen

Influence of different curing condition on seismic performance of reinforced concrete bridge

piers 2686
Q.P. Wen, L.L. Wen, L.L. Feng, D.T. Ya & F.X. Lin

SS27: Practical applications and value of advanced computational and probabilistic
modelling in life-cycle engineering

Organizers: P. Bocchini, A. Strauss & H. Sousa

Semi-probabilistic assessment of concrete bridge exploiting additional data from experiments

and numerical analysis 2697
L. Novak, D. Novak, M. Cao & R. Pukl

Probabilistic structural assessment of RC bridges under corrosion based on efficient
simulation methods 2705

F. Padovani, L. Capacci & F. Biondini

Life-cycle assessment of Tunnel Boring Machine (TBM) segments of a new tunnel:
Carbonation attack and sulfate attack 2714

F.T. Torabian, I. Vangelisti & C. Beltrami

Holistic assessment-framework for railway noise barrier constructions 2722
M.F. Granzner, A. Strauss & M. Reiterer

SS28: Use of SHM and NDE for decision making
Organizers: N.M. Apaydin, F.N. Catbas & B. Briseghella

The state-of-the-art in health monitoring of long-span cable supported bridges in Turkey 2731
O. Cetindemir, A.C. Ziilfikar & N.M. Apaydin

Informed assessment of structural health conditions of bridges based on free-vibration tests 2739
M. Mazzeo, D. De Domenico, R. Santoro & G. Quaranta

The effect of road roughness on vehicle-bridge interaction modeling 2746
A. Aloisio, R. Alaggio, A. Contento & B. Briseghella

Influence of different debonding gap types on mechanical performance of axially compressed
CFST stub columns with same debonding arc-length ratio 2754

J.Q. Xue, J.P. Huang, L.Q. He, B. Briseghella & A. Contento

Dynamic assessment of a stress-ribbon CFST arch bridge with SHM and NDE 2762

J.P. Huang, L.Q. He, J.Q. Xue, S.N. Zhou, B. Briseghella, C. Castoro, A. Aloisio &
G.C. Marano

Bridge maintenance prioritization by using multi-criteria decision analysis 2770
H. Silimanotham & M. Henry
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SS29: Durability and structural assessment of fiber reinforced strengthening materials and

strengthened structures
Organizers: F. Micelli, C. Papanicolaou, B. Ghiassi & M. Leone

Freeze/thaw effects on the performances of FRCM strengthened reinforced concrete beams
S. Verre & M. Guglielmi

Interface experimental behavior between basalt-FRCMs and natural stones
G. Bramato, M. Leone & M.A. Aiello

Tensile behavior of a glass FRCM composite with textile lap splice exposed to freeze-thaw cycles
A.S. Calabrese, V. Bertolli, P. Colombi, T. D’ Antino & C. Poggi

Effect of salt crystallization on the bond behavior of glass FRCM-masonry joints
V. Bertolli, A. Cagnoni, A.S. Calabrese, P. Colombi & T. D’ Antino

On the behaviour of FRCM fibres in saturated alkaline solution
M. Canestri, F. Ferretti, E. Sassoni & C. Mazzotti

Durability of CRM reinforcements
F. Micelli, A. Franco, R. Greppi & M. A. Aiello

SS30: Durability of sustainable reinforced concrete for civil engineering structures
Organizers: M. Carsana & E. Redaelli

Performance and environmental analysis of Reclaimed Asphalt Pavement (RAP) concrete
produced in industrial environment

G. Masi, A. Michelacci, S. Manzi, A. degli Esposti, B. De Pascale, A. Bonoli & M.C. Bignozzi

Life extension of existing steel reinforced structures by simple cathodic protection techniques
for sustainable durability

G. Sergi

Corrosion of rebars in concrete: Comparison of preventative measures
F. Bolzoni, A. Brenna, S. Beretta, M. Ormellese, M. V. Diamanti & M.P. Pedeferri

Role of concrete and reinforcement characteristics to increase the service life of structures
M.C. Alonso

Durability performance indicators for service life analysis and quality control
F. Moro & R.J. Torrent

SS31: Structural health monitoring and asset management of infrastructures
Organizers: S. AlSanad & J. Parol

Measuring heavy traffic using alternative systems in an urban environment
M. L. Soudijn, S. van Rossum & A. de Boer

Improving the resolution and accuracy of low-cost Arduino-based accelerometers
S. Komarizadehasl, G. Ramos, J. Turmo, J.A. Lozano-Galant, V. Torralba & M. Haiying

Preventive SHM for asset management: A case study on the Mont-Blanc tunnel
F.B. Cartiaux & B. Prudhomme

Characteristics of ultrasonics guided waves in timbers under moisture and temperature
R. Yassine & S. Mustapha
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Asset management — Towards adaptive resilient infrastructures
S. AlSanad & J. Parol

2904

SS32: Corrosion-induced structural damage and prevention measures for reinforced concrete

infrastructure
Organizers: S. Yang, F. Tang & W. Zhang

Corrosion and bond behavior of silicate dioxide particle modified enamel coated steel bar
F. Tang, Y. Kuang, H. Cui & Z. Lin

Non-destructive investigation of corrosion in reinforced concrete structures and modelling
the structural degradation

S.T. Yang, F. Zhang, Z. Yin & X. Xi

Chloride transport properties of Portland cement and limestone systems
Z.L. Jiang, Z. Dong, C.Q. Fu, Y.J. Pan & Y.C. Wang

Simplified analytical method for moment-curvature response of corroded prestressed concrete
beams

S. Ravasini, L. Franceschini & B. Belletti

Structural behavior of PC beams under simultaneous corrosion and sustained loads
F.F. Bico, M. Bartoli, F. Di Carlo, A. Meda, F. Molaioni & Z. Rinaldi

Random field analysis of corrosion of steel in the artificial marine atmosphere
W.P. Zhang, X.L. Gu, Q.Q. Yu & J. Chen

SS33: Life-cycle and sustainability performance of fastenings

Organizers: P. Spyridis, G. Muciaccia, K. Bergmeister, T. Pregartner, R. Piccinin & T. Sippel
Installation, structural, and sustainability characteristics of direct fastening in textile
reinforced concrete plates

P. Spyridis, J. Orlowsky & K. Bergmeister

Redundancy of concrete fastenings under combined fatigue and corrosion — A probabilistic
study on catenary system installations

S. Kessler, N. Mellios, A. Takriti & P. Spyridis

Long term assessment of bonded anchors with two different methods, Findley extrapolation
vs. time-to-failure approach

1. Boumakis, K. Nincevic, R. Piccinin, R. Wan-Wendner, T. Pregartner & K. Bergmeister

Impact of concrete age and aggregate type on anchor load performance
K. Nincevic, R. Piccinin, I. Boumakis, T. Pregartner & R. Wan-Wendner

Impact of end-of-life stage in cradle-to-cradle LCA analysis of timber and timber-hybrid buildings
L. Corti & G. Muciaccia

GENERAL SESSIONS
Organizers: F. Biondini & D. M. Frangopol

Shear strength assessment of FRP pre-tensioned concrete beams
A. Mari, E. Oller, J. Murcia-Delso, J.M. Bairan & N. Duarte
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Life-cycle cost of CFRP and steel prestressed concrete elements
J.M. Bairan, J. Murcia-Delso, N. Duarte, E. Oller & A. Mari

Numerical analysis of short-term performance of CFRP new composite anchorage
S.Y. Sun

Preliminary assessment on the effects of longitudinal cracks on carbonation-induced
corrosion

N. Russo, M. Gastaldi, F. Lollini, L. Schiavi & A. Strini

Numerical evaluation on electrical resistivity of hardened cement paste using 3D pore model
based on X-ray micro-CT images

K. Kawaai & T. Nishida

Coupled deterioration by freeze-thaw and chloride salt on mill-cut steel fiber reinforced
concrete

S. Liu, Y. Liu, Y. Li, L. Fan & Z. Yang

Construction of hydrogen pipeline utilizing communication pipeline and experimental study
on its utilization
T. Ishikawa & K. Itasaka

Modelling the thermal response of firestop sealant exposed to standard fire
Z. Ye, A. K Abu, C.M. Fleischmann & R. P. Dhakal

Dynamic chain reaction analysis of a cable-stayed bridge by sudden loss of stays considering
cable corrosion

Y. Aoki, H. Tsunoda, T. Akiyama, H. Gotou & S. Nakamura

Revisiting shape/size effect formulation of EUROCODE 2 for structural concrete members
S. Abdo, R. Wan-Wendner, R. Caspeele, S.C. Seetharam & Q.T. Phung

Guided tour of the pathological manifestations found at Rossio’s historical train station
C. Carvalho, N. Bento & A. Silva

Non-destructive evaluation for voids under airport pavement concrete in-situ
T. Nishida, F. Izu, Y. Kobayashi, M. Aizawa & K. Kawaai

How to better exploit the use of LCA analysis for Ultra High Performance Concrete
(UHPC) through a constitutive law which integrates chloride and sulfate attack

D. di Summa, F. Soave, M. Davolio, S.M.J. Al-Obaidi, L. Ferrara & N. De Belie

Durability of residential construction in a marine environment
LN. Robertson

Predicting the military load class from bridge data with a multilayer perceptron
M. Haslbeck, J. Flotzinger & Th. Braml

Elaboration of a truncated probability function for the Young’s modulus of concrete
M. Haslbeck & Th. Braml

The impact of surface aspect ratio on the embodied energy, embodied carbon, and embodied
water of a building structure

M.K. Dixit & P. Pradeep Kumar

Performance assessment of existing prestressed concrete bridges utilizing distributed optical
fiber sensors

H. Burger, T. Tepho, O. Fischer & N. Schramm
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Life-cycle assessment of crack repair systems for fire-damaged concrete
R M. Galano, R.S. Chan & J.M. Ongpeng

Rehabilitation of underground garages — defining a cost function for use in the decision-
making process

J.M. Lozano Valcarcel, C. Gehlen, T. Krinkel, A. Schiessl-Pecka, J.D. Cassiani & S. Kessler

The potential for direct reuse of precast concrete slabs in buildings with “wet” joints
P.S. Halding & K. Negendahl!

Life-cycle assessment of concrete hollow blocks and autoclaved aerated concrete blocks
J.M. Ongpeng & M. V. Umali

Temperature effect on static and quasi-static bridge measurements
K. Dalkhili, T. Kebig, M. Schéfer, M. Maas, M. Bender & A. Ziirbes

Robot-BIM integration for underground canals life-cycle management
H. Pourhosseini, F. Zahedi & J. M. Sardroud

Life-cycle cost analysis of possible solutions for converting existing single-family house into
nZEB

C. Marincu & D. Dan

End-of-life rule checking for transport infrastructure: The case of navigation locks
K E. Bektas & LE. Ozer

Environmental and economic assessment of service life extending repairs for a concrete silo
N. Renne, A. Audenaert, M. Buyle & B. Craeye

Foundation for risk-based asset management for storm surge barriers
Y. Kharoubi, M. van den Boomen, M.J.C.M. Hertogh & J. van den Bogaard

Lessons learned from past earthquakes for horizontally curved bridges
E. Naml & T. Oztiirk

Using the USGS database to study parameter uncertainty when assessing pier scour using
the HEC-18 framework

G. Gavriel, M. Pregnolato & P.J. Vardanega

Time-variant reliability analysis of corroded steel girder
Y. Wang, W. Wang, C.Q. Li & W. Yang

Quantification of the effect of corrosion on the compressive membrane action in restrained
hollow core slabs

T. Thienpont, W. De Corte, R. Van Coile & R. Caspeele

Bayesian pre-estimation of bridge life-cycle costs
T. Vagdatli, K. Petroutsatou, P. Panetsos, Z. Barmpa & N. Fragkakis

A service value predictive system of componentized infrastructure assets
K. Petroutsatou, T. Vagdatli, M. Voutsis, P. Panetsos & Z. Barmpa

Powder wastes from concrete recycling as a sustainable source of calcium carbonate mineral
admixture

K M. Masunaga & T. Iyoda

Travel time gains VS time constancy - An irresolvable contradiction?
M. Hoffmann
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Reliable estimation of investment and life-cycle costs from road projects to single road assets
M. Hoffmann & V. Donev

Legal governance for BIM — rights management and lawful data use
B. Weber & M. Achenbach

Advanced life-cycle assessment of reinforced concrete bridges using digital twin concept
J. Rymes, J. Cervenka, M. Herzfeldt & R. Pukl

Sustainable reuse of public real estate assets meeting structural, conservation and territorial
needs

G. Concu, D.R. Fiorino & E. Pilia

Evaluation of low-velocity impact damage in metal/composite layered structure
S. TerMaath, B. Ingling, J. Noland & D. Hart

Development of high durable precast PC deck with ultra-high-strength fiber-reinforced
concrete layer

H. Hayashi, Y. Yasukawa, N. Oba & K. Sasaki

Development of digital rules for optimal auto-routing design of pipe
S.-E. Park, S.-W. Choi & E.-B. Lee

Structural response of corroded concrete columns with different rebar confinements under
cyclic compressive loading

H.O. Aminulai, N.S. Ferguson & M. M. Kashani

Structural behaviour of axially loaded corroded low-strength RC columns with different
confinement ratios

H.O. Aminulai, N.S. Ferguson & M. M. Kashani

Impact of as-recorded mainshock-aftershock excitations on seismic fragility of corrosion-
damaged RC frames

E. A. Dizaj, M.R. Salami & M. M. Kashani

Seismic fragility analysis of nonuniformly corroded irregular RC bridges
E.A. Dizaj, M.R. Salami & M. M. Kashani

Study on the applicability of repairing rubber bearing covers by resurface vulcanization in
the field

A. Matsumoto, R. Takahara, T. Imai & W. Abe

Application of BIM in design review processes for buildings
M. Achenbach, P. Rivas & B. Weber

A basic study on the evaluation of the protective effect of silane-based impregnation on
mortar using electrochemical impedance spectroscopy

S. Nagaoka, K. Nakayama & M. Iwanami

Life-cycle of existing asphalt to build new highway foundation pavements: Environmental
procedures according to new Italian standards, geotechnical and durability performance
assessments, construction methods

M. Biasioli, F.T. Isfahani, D. Giometti, C. Beltrami, G. Piovano, F. Vergano & M. Marino

Infrastructure asset management and the role of structural health monitoring
A. AlBanwan, A. AlFoudari & R. AlBehbehani
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Inclusion of Stochastic Petri-net models on a risk-based tool for the maintenance of road
drainage systems
L.G. Rodrigues, L.C. Neves, J. Wallis, R. Brook & K. Morosiuk

Rehabilitation, strengthening and life-cycle assessment of an historical water channel Cavour
masonry bridge crossing Cervo River after an extreme flood erosion at foundation pier
causing massive settlement and large structural damages

C. Beltrami, M. Capalbo, G. Giacalone, M. Vittone, G. Comaita, I. Vangelisti, F.T. Isfahani,
F. Damiani, R. Salomone, L. Casti, J. Salvioni, D. Cagliani, F. Burlone, M. Fossati &

M.F. Carera

High performance computing methods for concrete surface damage identification and
prevision in service highways tunnel concrete linings

1 Vangelisti, C. Beltrami & G. Rozza

Experimental study on quantification of carbon dioxide adsorption by different cement types
and mix proportions
T. Iyoda, E. Ishikawa & Y. Ikeo

Value of information for a rational experimental and testing budget applied to a regional old
Italian bridges database

I Vangelisti & C. Beltrami

Multi-risk analysis methodology for evaluating climate change impacts at different scales
F.V. De Maio, R. Valsecchi, S. Osmani, C. Solari & P. Basso

Evaluation of the safety factor in masonry buildings as acceleration varies: A quick approach

E. Garavaglia

Attack of aggressive carbon dioxide on hardened Portland and blast furnace slag cement
paste

F. Wagemann, F. Schmidt-Déhl & A. Rahimi

Big data in construction project management: The Colombian northeast case
S. Zabala-Vargas, M. Jiménez-Barrera, L. Vargas-Sanchez & M. Jaimes-Quintanilla

Numerical analysis of prestressed sleepers affected by expansive mechanisms
R.P. Randi, L. M. Trautwein, D.J. M. Mariata, L.F. M. Sanchez & A.C. Santos

The probabilistic fatigue life of plain concrete under low-frequency stress reversal loading
E.C. Ferreira, P. Sotoudeh, G. Fiorillo & D. Svecova

Influence of different coarse aggregate types on porosity and various properties in concrete
N. Matsuda & T. Iyoda

Visual inspection of bridges and tunnels in Italy: By experience made with different owners
and methods to a new proposal for a better and more efficient inspection procedures

R. Salomone, F. Damiani, M. Vittone, M. Scarsi Napolitano, 1. Vangelisti, G. Giacalone,
A. Bombace, M. Brescia, M. Rabbia & C. Beltrami

Inspection of highway retaining walls and geotechnical sites, state of the art in Italy and
possible proposals for improving procedures and effectiveness

M.S. Napolitano, D. Bonassi, R. Moré & C. Beltrami

Using shape optimization and principal stress line based stiffness improvement of thin-shell
structure and reduce construction costs

Y. X. Sun, Y.Y. Yang, L.J. Leu & K. Yamamoto
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Numerical verification of vehicle-bridge interaction system identification using a 3D models
E. Mudahemuka, S. Ryota & K. Yamamoto

Parametric study of the vehicle-bridge interaction system identification method
R. Shin, Y. Okada & K. Yamamoto

Influence of various admixture materials on pore structure and mass transfer characteristics
R. Yahiro & T. Iyoda

Research on the anti-sliding performance of cable clamps in an irregular elliptical suspen-
dome structure

H.J. Wang, X.D. Ren, S.W. Xiao, L. Li & B. Luo

Lessons learned from highway tunnels inspection, analysis, assessment and refurbishment
works

A. Damiani, E. Crippa & M. Rabbia

Deterministic and probabilistic damage calculation of offshore wind turbines considering the
low-frequency fatigue dynamics

N. Sadeghi, P. D’Antuono, K. Robbelein, N. Noppe, W. Weijtjens & C. Devriendt

Developing a cost-control and project-planning based implementation of circular
construction in temporary works: A framework of core supportive technologies

F. Tizzani, P. Herthogs & R. Stouffs

Life-cycle assessment of buried water-transmission concrete mains
H. Yariez-Godoy & S. M. Elachachi

Shear strength investigation of carbon fiber reinforced polymer strips-wrapped concrete
beams with regression analysis and experiments

P. Fan, HF. He, S.S. Cheng, S.S. Guo & C. Liu

Multi-criteria assessment of reinforced limestone powder concrete slabs and columns
A. Radovié, H. Hafez, N. Tosi¢, S. Marinkovi¢ & A. De la Fuente

Development of life-cycle inventory for timber products to support the circular economy in
construction

S. Ge, P.J. McGetrick, C. O’Ceallaigh & A.M. Harte

Life-cycle assessment and sensitivity analysis of a clayey sediment-based geopolymer
concrete

L. Monteiro, H. Yariez-Godoy, J. Saliba & N. Saiyouri

Research on calculation method of creep and shrinkage effects of steel-concrete-Ultra-High-
Performance Concrete (UHPC) composite bridge considering construction process

X.G. Ma, D.W. Zhang, H W. Ling, H.J. Shen, S.S. Guo & C. Liu

Interactive visualization of uncertain embodied GHG emissions for design decision support
in early stages using open BIM

K. Forth, A. Borrmann & A. Hollberg

Port facilities asset management: Coping with aging infrastructure and constrained budgets
on the long term

H. Voogt

Modeling and characterization strategy as a basis for improved prediction of concrete fatigue
degradation in wind power plants

A. Baktheer, M. Aguilar, H. Becks, M. Classen, J. Hegger & R. Chudoba
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Sustainability concept of design of concrete bridges based on LCA
B. Viasata, J. Pesta, C. Fiala, P. Hajek & M. Novotna

Fundamental experiments for monitoring water leakage of underground structures using
plastic optical fibers
H. Zhang, Z. Liu, X. Ma, J. Qian & S. Akutagawa

Effects of structural rehabilitation on modal parameters of the Marlo Bridge
B. Siedziako, T.S. Nord & A. Fenerci

Simulation of chloride ingress into aging surface-coated concrete
C. Yoshii, F. Biondini, M. Iwanami & K. Nakayama

Embedded fibre optical strain monitoring of a bio-composite bridge
M. Weil, Y. Bel-Hadj, W. Weijtjens, C. Devriendt, Y.-A. Janssens & E. Voet

Dissipative steel and steel-concrete composite beam-to-column joints
G. Skarmoutsos & U. Kuhlmann

Seismic and energetic renovation of existing masonry buildings by innovative FRLM
composite materials
D. Pugliese, V. Alecci, S. Galassi, A.M. Marra & M. De Stefano

Development of a method for resource-efficient structural maintenance of reinforced
concrete buildings based on digital BIM models

J.-L Jikel, L. Kloesgen, T. Koenig, K. Klemt-Albert, H. Morgenstern & M. Raupach

Cost-optimization based generalized target reliabilities for reinforced concrete slab exposed

to fire
F. Put, R K. Chaudhary, A. Lucherini, B. Merci & R. Van Coile

Sensitivity of the seismic response to the modelling variables defining constitutive models of

reinforced concrete frames
G. Karaki

Effect of concrete age on the reliability of existing reinforced concrete columns
L.C.R Castro & S.M.C. Diniz

A microservice for evaluating resilience of water distribution network
XY Yu Y.N. Xu F. Liu & X. Zhou

Project management and life-cycle cost evaluation using infrastructure-building information

modeling techniques: A railway infrastructure design case study
M. Pasetto & G. Giacomello

A non-Gaussian algorithm to simulate the earthquake motion phase difference
T. Sato

Health monitoring of long-span bridges using deep learning driven by sensor measured and

numerical response data
Z. Xue, W. Sebastian & D. D’Ayala

Progressive collapse behavior of RC frames subjected to reinforcement corrosion
L.C. Ding, Y.B. Peng & J.B. Chen

Numerical simulation of non-Fick moisture diffusion of pultruded GFRP bolt connection
Y. Sun, Y. Liu, X. Wang & H. Xin
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A methodology for the service life estimation of timber structures
D. Marranzini, G. lovane, L. Cascini, R. Landolfo, M. Nicolella & B. Faggiano

Multi-scale structural integrity assessment of a series of identical components in cultural-
heritage structures: The case of the clifton suspension bridge

R. De Risi, T. Moody, E. Voyagaki, S. Gunner, M. Pregnolato, N. Grilli & C. Taylor

Assessment of energy redistribution of structural collapse under seismic loads using wavelet
transforms

N.S.D. Farhan, J. Lu, W.A. Altabey, Z. Wu, A. Silik & M. Noori

Application of infrared thermography in civil engineering: Limits and drawbacks
D. Meloni, G. Sechi & G. Concu

Soundness evaluation of small-scale bridge decks with portable FWD tests
T. Sasaki, A. Tsuboi, Y. Sugimoto, H. Kakeda & H. Onishi

Rut depth estimation by distortion analysis of images taken by an in-vehicle camera
W. Gao, K. Xue, T. Nagayama, B. Zhao, D. Su, K. Xue & B. Zhao
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Preface

Structures and infrastructure systems need to comply with the continuously increasing demand
from societal, political, economic, and environmental needs associated with aging, deterioration
processes, and other multiple natural and human-made hazards affecting civil infrastructure
facilities. To respond to these needs, civil engineering is undergoing a profound change towards
a life-cycle-oriented design and maintenance philosophy where the system performance is con-
sidered as time-dependent and the desired levels of target performance are addressed over the
entire life-cycle taking into account the effects of aging and deterioration processes, time-variant
loadings, and maintenance and repair interventions, among others. This transition is at the
heart of civil engineering and is promoting and guiding a considerable amount of research and
relevant advances in the fields of modeling, analysis, design, inspection, monitoring, repair,
maintenance, and rehabilitation of deteriorating civil engineering systems. To support this pro-
cess, after a series of International Workshops on Life-Cycle Analysis and Design of Civil
Engineering Infrastructure Systems, IJALCCE - The International Association for Life Cycle
Civil Engineering was created in 2006 (https://www.ialcce.org).

TALCCE covers all aspects of life-cycle assessment, design, maintenance, rehabilitation and
monitoring of civil engineering systems. The objective of the Association is to promote inter-
national cooperation in the field of life-cycle civil engineering for the purpose of enhancing
the welfare of society. Currently, IALCCE includes over 800 individual members from 66
countries and over 30 collective members. Seven International Symposia have been organized
since the foundation of TALCCE. The inaugural IALCCE Symposium was held in Varenna,
Lake Como, Italy, in June 2008, under the auspices of Politecnico di Milano. Following
TALCCE 2008, a series of Symposia have been organized in Taipei, Taiwan (IALCCE 2010),
Vienna, Austria (IALCCE 2012), Tokyo, Japan (IALCCE 2014), Delft, The Netherlands
(IALCCE 2016), Ghent, Belgium (IALCCE 2018), and Shanghai, China (IALCCE 2020).
These events have been very successful, both technically and academically, and IALCCE Sym-
posia have become established events in the field of life-cycle civil engineering. It was therefore
considered fruitful to continue this landmark series and celebrate the 15th Anniversary of
TALCCE Symposia where they were initiated by bringing together recent advances and cut-
ting-edge research in the field of life-cycle civil engineering and related topics at the Eighth
International Symposium on Life-Cycle Civil Engineering (IALCCE 2023), held at Politecnico
di Milano, Milan, Italy, 2-6 July, 2023 (https://ialcce2023.org).

TALCCE 2023 has been organized on behalf of IALCCE under the auspices of Politecnico di
Milano. The interest of the international civil engineering community in the activities covered
by IALCCE has been confirmed by the significant response to the IALCCE2023 call for
papers. In fact, over 750 abstracts from more than 50 countries were received by the Sympo-
sium Secretariat, and approximately 70% of them were selected for final publication as tech-
nical papers and presentation at the Symposium within mini-symposia, special sessions, and
general sessions. Contributions presented at IALCCE 2023 cover recent advances and cutting-
edge research in the field of life-cycle civil engineering, including emerging concepts and
innovative applications related to life-cycle design, assessment, inspection, monitoring, repair,
maintenance, rehabilitation, and management of structures and infrastructure systems under
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uncertainty. Major topics covered include: life-cycle safety, reliability, risk, resilience and sus-
tainability, life-cycle damaging processes (aging of structures, deterioration modeling, durable
materials, earthquake and accidental loadings, fatigue and damage, fire and high temperat-
ures, marine and severe environments, structure-environment interaction, global warming and
climate change effects), life-cycle assessment and design (design for durability, failure analysis
and risk prevention, structural robustness, lifetime structural optimization, long-term per-
formance analysis, performance based design, service life prediction, uncertainty modeling,
value of information, life-cycle structural safety, time-variant reliability, functionality and
resilience, risk and sustainability), life-cycle monitoring, maintenance, and management
(damage identification, field testing and proof loading, health monitoring, inspection and
evaluation, robotic and aviation-based techniques, BIM techniques, maintenance strategies,
rehabilitation techniques, strengthening and repair, structural integrity, asset management,
infrastructure resilience, risk-based prioritization), life-cycle performance of special structures
(bridges and viaducts, high-rise buildings, hydraulic structures, off-shore structures, precast
systems, roof systems, runway and highway pavements, tunnels and underground structures),
life-cycle cost of structures and infrastructure systems (decision making processes, human fac-
tors, life-cycle cost models, project management, risk-lifetime analysis and optimization,
whole life costing), and life-cycle-oriented computational tools (artificial intelligence methods,
evolutionary procedures, heuristic techniques, mathematical optimization, soft-computing
methods, survival models and simulation), among others.

Life-Cycle of Structures and Infrastructure Systems collects the lectures and papers presented
at IALCCE 2023. This Open Access Book contains the full papers of 514 contributions,
including the Fazlur R. Khan Plenary Lecture, nine Keynote Lectures, and 504 technical
papers from 45 countries. It provides both an up-to-date overview of the field of life-cycle
civil engineering and significant contributions to the process of making more rational deci-
sions to mitigate the life-cycle risk and improve the life-cycle safety, reliability, redundancy,
robustness, resilience, and sustainability of structures and infrastructure systems exposed to
multiple natural and human-made hazards in a changing climate. The Editors hope that this
volume will serve as a valuable reference to all concerned with life-cycle of civil engineering
systems, including students, researchers, practicioners, consultants, contractors, decision
makers, and representatives of managing bodies and public authorities from all branches of
civil engineering.

Fabio Biondini and Dan M. Frangopol
Chairs, IALCCE 2023

Milan and Bethlehem, April 2023
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Net-zero and lightweight steel technologies for the construction
sector: Overview and case studies in Italy
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ABSTRACT: The construction industry is responsible for approximately 25% of global
emissions, about a third of which are associated with the construction process, being
a voracious steel consumer, accounting to 50% of global demand. Given these impacts, there
is an urgent need for the construction steel chain to define a realistic decarbonization path. In
this context, the paper focuses on a promising technology, the Light-weight Steel Frame
(LSF), providing an overview coupled with real applications. LSF and drywall techniques
have been shown around the world to result in cost-effective and sustainable buildings under
different aspects: fast in construction, seismically resistant, high levels of thermal and acoustic
performance, energy efficient, and aesthetic value. The publication also addresses a review of
the latest regulations and methodologies for sustainability and carbon neutrality assessment,
to clarify challenges and contributions that the steel company can provide to the construction
sector in terms of sustainability and circularity.

1 INTRODUCTION

From houses to bridges, hospitals, and skyscrapers, the construction industry is responsible for
approximately 37 percent of CO, global emissions, about a third of which are associated with the
construction process, and for around 34% of total energy consumption (United Nations 2022).
Therefore, the reduction of energy consumption and the use of energy from renewable sources in
the building sector constitute important measures needed to reduce the European Union’s energy
dependency and to reach carbon neutrality by 2050, as defined in the European Green Deal, in
2019 (European Commission 2021a). To achieve this ambitious goal, it is urgent to drastically
reduce harmful emissions in the construction sector, improve its efficiency and complete its circu-
lar transition, which is still struggling to become a consolidated and stable mechanism. For this
change to take place, however, it must be conceived not only as an environmental or economic
project but as a new cultural project for Europe, capable of triggering a real systemic change with
its aesthetics, combining design and sustainability. Sustainable construction is a relatively new
subject with which many of those involved in planning and construction are not familiar. It has
been covered in numerous publications, but a limited number of them present specific measures
for implementing sustainability in the steel building and construction industry.

Light Steel Frame (LSF) solutions are becoming increasingly popular in construction practice
in response to the need to work on a heterogeneous and energy-intensive building stock and to
meet the new demands of the construction market in a flexible, versatile, industrialized, and sus-
tainable manner. Off-site industrialization, reduced construction time and costs, and aesthetic
and performance quality are the strengths of cold-formed profile solutions for the building
industry. These technologies provide flexible and aesthetically expressive constructions both
from a morphological-architectural point of view and in terms of room adaptability, allowing
the design of tailor-made solutions that meet people’s needs. This publication aims to review the
latest regulations and methodologies for sustainability and carbon neutrality assessment, to clarify
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challenges, opportunities, and prominent contributions that the steel company can provide to the
construction sector in terms of sustainability and circularity, thanks to lightweight steel technologies.
After the introduction in section one, the second section sets the scene by discussing the latest
regulations and standards for the construction sector in Europe and also providing an overview of
methods and tools to assess and evaluate sustainability in buildings. Section 3 presents the steel
industry’s reply to the European New Green Deal, with a focus on LSF solutions as a suitable
construction technology to reach the current energy efficiency requirements and targets of the con-
struction sector. Section 4 presents the results of applied research on case studies realized in LSF
to verify the level of implementation into the practice of this technology, with a focus on an Italian
residential case study. Finally, Section 5 provides conclusions and inputs for improvements and
further works in order to complete the framework of challenges and opportunities of the steel con-
struction industry to reach the carbon neutrality target and to realize sustainable buildings.

2 SUSTAINABILITY AND CARBON NEUTRALITY FOR CONSTRUCTION SECTOR

2.1 Regulations and standards for certification and assessment

Energy production and consumption significantly impact climate change due to their contri-
bution to atmospheric emissions of CO, resulting from fossil fuels. Decarbonization and sus-
tainability have been since decades the key points of the European regulation frameworks, in
particular, the reduction of energy demand in buildings through the adoption of an energy
efficiency policy is a key pillar of the European Union (EU) climate and energy strategy.

In the European Union (EU), energy production and use is responsible for 80% of all GHG
emissions, accounting for about 40% of EU’s final energy and 36% of CO, emissions, build-
ings are associated with a significant untapped energy saving potential due to outdated con-
struction practices, use of inefficient systems or appliances and lack of effective technical
control systems, even if there are already in the market various passive and active solutions
that can limit this energy waste in buildings. (Camarasa et al. 2019).

In the EU, buildings have been an integral part of the EU energy and climate policy for several
years. Energy efficiency policies for buildings can take the form of regulatory or control instru-
ments, building codes, consumer information campaigns, and economic or financial incentives.

The “SAVE” Directive (93/76/EEC) of 1993 represents the first major EU policy on energy
efficiency. The Directive required the Member States to draw up and implement programs to
improve energy efficiency, with the aim to limit CO2 emissions and to promote the rational use
of energy. Since 2000 the Commission has published several Energy Efficiency Action Plans
laying out its strategic vision and proposing actions such as new policies or strengthened existing
measures. In 2006 the European Commission published its second Energy Efficiency Action
Plan (Fawcett et al. 2019) with the scope to control and reduce energy demand and to take tar-
geted action on consumption and supply with the intention to save 20% of the annual consump-
tion of primary energy by 2020 compared to baseline energy consumption forecasts for 2020.
This objective corresponded to achieving approximately a 1.5% saving per year up to 2020.

The first cohesive European legal act on energy policy in buildings was the Energy Performance
of Buildings Directive (EPBD, 2002/91/EC) which introduced a joint energy performance calcula-
tion methodology for buildings. Since its adoption, the EPBD has been closely connected with the
EU climate targets and has been aligned to reflect their progressive evolution. In this context, the
core aim of the directive — to systematically enhance the energy performance of buildings and to
increase the level of renovations — has remained unchanged since its introduction.

In 2009 the European Commission presented the recast of the EPBD (2010/31/EC, EPBD
Recast) with the aim to strengthen some original EPBD provisions and capture additional
energy savings and introduced for the first time the concept of nearly zero energy building
(NZEB), defined as a building of very high energy performance, where the nearly zero or very
low amount of energy required should be covered to a very significant extent by energy from
renewable sources produced on-site or nearby.

Later, a targeted revision of the EPBD (2018/844/EU, EPBD) was launched as part of the clean
energy for all Europeans package and adopted in 2018 (European Parliament 2018). This new
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Directive came into force introducing targeted amendments to the previous EPBD version aimed
at accelerating the cost-effective renovation of existing buildings, with the aim of a decarbonized
building stock by cutting its net CO, emissions by at least 55% by 2030, compared to the 1990
levels, and to become climate neutral by 2050. To reach these goals, the EU then adopted a new
strategic agenda for 2019-2024, including the European Green Deal (EGD), a package of strategic
initiatives. The EGD is the environmental plan of the European Union divided into 116 points, in
which all the Member States (MS) declare their commitment to undertake urgent and ambitious
interventions to tackle climate change and environmental challenges to limit global warming to
1.5°C and further biodiversity losses. The main objective of this ambitious climate regulation is
the achievement of the legally binding national target of achieving zero emissions by 2050, as well
as the 2030 interim target of a 55% reduction in emissions compared to levels of 1990. The EGD
is not limited to outlining environmental policy but rather uses environmental protection as
a pretext to define and promote attention to a wide range of sectors: from transport to construc-
tion and from agriculture to industry (European Commission 2019b).

In this framework, the EU Commission launched in October 2020 the Renovation Wave initia-
tive with the intention to double the European renovation rate of buildings by 2030 and to main-
tain it in the following years. This strategy highlights several points of intervention with a precise
timeline to make existing buildings energy efficient by reducing the consumption of energy and
resources, with the use of circular economy approaches, low environmental impact strategies to
improve the quality of indoor environmental and air quality, and the buildings’ comfort for end
users and it can be summarized in the following four main priorities: (i) decarbonization of heating
and cooling systems; (ii) tackling energy poverty and inefficiency; (iii) renovation of public build-
ings such as schools, hospitals and offices; (iv) application of holistic approach throughout the
building lifecycle, from project design and financing to completion and subsequent maintenance.

The Renovation Wave strategy aims to reach the target of doubling up the renovation rate of
the built environment by 2030, applying existing measures such as energy performance certificates,
long-term strategies, financial incentives, and technological innovations but also introducing some
new instruments, such as mandatory minimum energy performance standards and the development
of a roadmap to 2050 to reduce carbon emissions throughout the buildings’ life cycle. In Decem-
ber 2021, the Commission has proposed to align the rules for the energy performance of buildings
with the European Green Deal and decarbonize the EU’s building stock by 2050 (European Parlia-
ment 2021). To achieve this, it is necessary to promote a rapid energy conversion of the building
stock, favoring deep renovations and transformation into “nearly zero energy buildings” (nZEB).
In the same year, the EC launched, as part of the Green New Deal package, also the New Euro-
pean Bauhaus, to foster spaces for discussion and experimentation around the theme of physical
spaces, a creative and interdisciplinary movement to rethink European cities, making them more
functional and accessible to all. The program of the new European Bauhaus is divided into three
phases: collective design, realization, and dissemination. The first design phase ended in June 2021
with the identification of the first five sites where the program has to be applied, representing the
beginning of the second phase of realization. The aim is to make methods and solutions available
to designers and the community that can be shared and replicated on a large scale. From Jan-
uary 2023, the third and final phase of Bauhaus will begin, in which space will be given to dissemin-
ating and sharing good practices to as wide an audience as possible, including outside Europe.

At the Italian level, the Italy Tomorrow Plan (Piano Nazionale di Ripresa e Resilienza -
PNRR) approved in April 2021, foresees reforms and investments to be implemented in the
span of the next five years in key sectors. The plan is developed around three strategic axes
shared at the European level: digitalization and innovation, ecological transition, and social
inclusion, and is divided into 16 components, grouped into 6 missions. Relevance has been set
for the construction sector in Component 3 (Energy Efficiency and Renovation of Buildings)
of Mission 2 (Green Revolution and Ecological Transition) with which energy efficiency can
be strengthened by increasing the efficiency of buildings, which suffers from a building stock
more than 60% of which is over 45 years old, both in public and private Italian buildings. The
measures included in the PNRR aim to provide a boost to the economy and employment and
to promote social resilience by improving comfort, energy saving, and seismic risk prevention
of buildings (Sesana 2022a).
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2.2 Methodologies and tools framework

Besides the regulations, also the tools for the analysis of the sustainability levels of buildings play
a fundamental role in their application, as it required particular care to align them. An overview
of such instruments is presented in this section, to better understands the methodologies currently
in use and the new initiatives with high potential to support the carbon neutrality goal.

The implementation of the regulations outlined in the previous section, especially in relation
to buildings, led to the need to define energy-environmental assessment and certification sys-
tems as an essential method to improve energy efficiency, minimize energy consumption and
enable greater transparency regarding energy use. To provide a complete overview of such
methodologies and tools, this subsection focuses on compulsory tools, as required by current
regulations, and those that are voluntary or in the process of being defined, for sustainable
nZEB design with practical indications and recent updates for their use.

Over the years, the EPBD has employed a diverse set of policy tools, but the most well-known
mandatory one for buildings is the energy performance certificate (EPC). The EPC was intro-
duced at the European level by Directive 2010/31/EU and the recent EPBD 2018/844 strengthened
the certification system for existing buildings with the inclusion of a mandatory recommendations
report listing improvement measures and their priorities (European Parliament 2010).

The Italian version of the EPC, the so-called Attestato di Prestazione Energetica (APE), is
considered mainly as an informative document that certificates the energy performance of
a building using a rating scale from A4 to G, which provides general recommendations for
energy efficiency improvements. If properly drafted, the APE certification could become
a powerful market tool for creating demand for energy efficiency in buildings by providing
recommendations for cost-effective, time- and cost-optimized improvements (Sesana 2022a).

Complementary to the EPC and structured according to a long-term renovation roadmap out-
lining intervention measures for the improvement of energy performance based on quality criteria,
the Building Renovation Passport (BRP) was introduced for the first time in the revision of Dir-
ective 2018/844/EU (Toth et al 2022). The purpose of this tool was then detailed in the Renovation
Wave strategy, as a support tool for owners and investors to better understand and plan interven-
tions, providing a clear roadmap for gradual renovation over the lifetime of a building. According
to this, the Building Passport can be described as a repository of relevant building-related infor-
mation covering the physicality, management, financing, valuation and ownership of buildings
with the structure defined by two key elements: a data archive part, usually called a logbook, and
a renovation roadmap for identifying the actions to be implemented for a deep renovation in
terms of time, cost and building technologies to be used.

Alongside experiences with building passports, there have also been initiatives related to
establishing digital passports for single material or products in general (Digital Product Pass-
port, DPP). The implementation of such tool could facilitate tracking and tracing materials
and compiling information in one unique database. It is supposed to deliver information on
the origin, composition, repair, and dismantling options of a product, as well as on its hand-
ling at the end of its service life. However, there are several open questions regarding the
DPP’s final design and its implementation. For instance, any future DPP information require-
ments should be ideally designed in a way that manufacturers, which are the most important
source of product information, and other stakeholders perceive them as an advantage and not
as an additional burden, to create business models and intrinsic motivation. Therefore, imple-
mentation options for digital product passports need to be evaluated to allow a circular flow
of materials through the active engagement of all the actors involved (Sesana 2022a).

An important contribution to the issue of tools and methodologies for construction in the field
of efficiency and sustainability has been made by the voluntary environmental assessment and cer-
tification developed worldwide over the past twenty years with different approaches: some with
prerequisites to gain optional credits in relation to the specific context, others with prescriptive
approach or performance-based requirements according to building types. As a result, it can be
difficult and time-consuming in terms of time and quality to determine which standards, certifica-
tions, and assessment programs are most reliable and applicable to a particular building being
various per building types or goals’ project. For this reason, the EC within the EGD initiative

2400



launched a common framework for assessing the sustainability performance of buildings: Level(S)
(European Commission 2019), with the aim to create a common approach based on the integra-
tion of current certification tools with a whole life cycle approach. This system relies on existing
standards and circularity principles using a limited number of indicators to measure the effects of
carbon, materials, water, health, and comfort. Although Level(s) is not a certification scheme, its
simple structure aims to facilitate existing schemes to use the same language and facilitate assess-
ment methods and data comparison between projects (Ferrari et al 2022).

3 THE STEEL INDUSTRY REPLIES TO THE EUROPEAN NEW GREEN DEAL

Steel is one of the most important engineering and construction materials. However, the
industry now needs to cope with the pressure to reduce its carbon footprint from both envir-
onmental and economic perspectives. Currently, the steel industry is among the three biggest
producers of carbon dioxide, with emissions being produced by a limited number of locations;
steel plants are therefore a good candidate for decarbonization.

For this reason, the European steel industry has set itself the main goal of investing in research
and development to rethink its production processes and achieve substantial reductions in emis-
sions to remain competitive and contribute to the achievement of carbon neutrality by 2050.

Steel is a sustainable material, and in some cases, the most sustainable choice, since it is
a circular material, being reusable and recyclable repeatedly and allowing a long service life.

In response to the EGD, the more feasible option for the steel sector is to move to a much
more circular system by 2050, replacing 30 Mt of the current 92 Mt of primary steel produc-
tion with secondary production and reducing emissions by 57 Mt CO2 per year by mid-
century to meet the targets (EUROFER 2021).

Conceiving steel management as much as possible from a perspective of sustainability and
circularity means intervening in the process of production, use, and end-of-life of this material
whose properties allow theoretically infinite recycling. However, given this characteristic,
a complementary path to increase the level of sustainability of the material is to optimize its use,
minimize processing waste, or facilitate the recovery of components to be sent for recycling. It is
necessary to rethink on one hand the technologies in use in Europe to produce steel, but at the
same time also to encourage the use of scrap, instead of producing a virgin product, with
a circular approach. It follows, however, that the efforts required to implement these changes
must be supported by all sectors that use steel either as a base material or as a component of
other products. The annual volumes recorded in 2019 of the steel demand are distributed per-
centage-wise between construction and infrastructure (42% of demand), followed by the trans-
portation sector (31%), machinery (16%), and finally a range of other steel products (11%).

Although recycling steel for production not from virgin material is advantageous, particularly
in terms of preserving materials and reducing the extraction of raw materials, there is another
lower-impact option that is gaining popularity not only in research but also in practice: the reuse
of the steel materials and components themselves. From this perspective, the built environment
can thus be seen as a veritable bank of materials including the stored energy and carbon emissions
in building materials, components, and structures. Their targeted separation and recovery during
demolition can avoid the passage of more than 70% of materials from landfills in addition to con-
tributing to the circular economy goals should such materials, components, or structures be
reused in new construction. Compared to other recycling options, therefore, it offers additional
environmental and economic benefits but often requires higher initial investment costs. Recent
research conducted on the technical feasibility of this type of reuse in both quantitative and quali-
tative terms has confirmed the possibility of achieving the goals that the steel industry has set for
itself but has also identified the barriers that currently limit the spread of this practice.

In the case of steel-based structural steelwork and building components, reuse avoids the
negative impacts associated with scrap recycling in steel production. Avoided scrap can come
from individual fabricated components or entire steel assemblies or steel parts separated by
composite elements (McKinsey Global Institute 2022). The market for recycled steel building
products is still small because the effort associated with their reconditioning and CE marking
often makes the process more expensive than recycling the materials. In addition, reusing
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individual structural steel components is more difficult because they are generally optimized
and manufactured for a specific building project. Therefore, most successful reuse projects are
whole building relocations, repairs and renovations or extensions of steel structures, or on-site
reuse. The overall benefit of building steel reuse depends on the widespread adoption of this
approach in design and construction practices by all stakeholders in the building process.
Designers should understand how to incorporate reclaimed materials into new design applica-
tions and how to optimize their designs for deconstruction and reuse, while manufacturers
should consider reclaimed steelwork as a possible source of materials. Of course, there are
also some technical challenges associated with this issue that would require the integrated
design to avoid increased deconstruction costs and time.

3.1 Light steel frame solutions

The importance of steel in the building construction industry derives from the combination of light-
ness and loadbearing capacity but also from factors like prefabrication, fast construction time, and
‘dry’ building site. These aspects, in addition to their lightness and performance, make steel
a sustainable building material with great potential for the future. In the last 20 years, Light Steel
Frame used as a structural material have become a widely used solution for residential and indus-
trial buildings, especially due to the main advantages that offer in comparison with traditional
building materials (Martins et al 2013). The lightness of the system implies the use of less material,
facilitates the transportation phase to the construction site, and offers benefits in terms of time con-
struction phase by offering preassembled solutions and demonstrating their great potentialities in
terms of circularity. All the main advantages that the technology offers, make LSF the main com-
petitor for traditional structural construction systems (Abou Hamad et al 2019).

In Italy, prefabrication and dry construction are a long tradition in commercial, industrial
and public construction, but have been less frequently applied to residential construction,
however, recently the benefits of this building technique have opened many interesting oppor-
tunities for application in residential buildings. The dry construction system is based on the
prefabrication and mechanical assembly of several functional layers made up of elements that
are supplied to the worksite certified and ready to be assembled on a light and resistant frame-
work made of steel, wood, and reinforced concrete. In the past, the idea of prefabrication was
associated with a limited catalog of building components to combine to form a complete
building, characterized by modular rigidity. This aspect was thus seen as a limitation to cus-
tomization and design creativity and as the reason for the simplicity and seriality of low archi-
tectural and technological quality buildings.

Nowadays prefabrication foresees elements manufactured with the precision of industrial pro-
duction for beams, pillars, uprights, cross-pieces, walls, floors, roofs, unique works or works
that can be repeated on a large scale and the architecture/industry nexus, which felt impossible
for a long time, has found a real possibility for development. Moreover, the LFS can provide
a high level of adaptability to different architectural solutions; high energy and acoustic per-
formance and safety in case of earthquake and fire; industrialization of the system, and the light-
ness of dry solutions combined with the great durability of steel constructions.

In literature, the LSF is defined as a construction system based on structures composed of
cold-formed steel elements, produced by cold-forming or press-bending thin steel sheets
(Lawson 1999). The intrinsic characteristics of the construction system, make it competitive
compared to traditional systems, this is because the LSF represents a clear point of contact
between construction and industry, through the standardization of products, processes, and
design. the purely industrial approach of this construction system has proven effective in
terms of economic advantages and sustainable performance: compared to traditional con-
struction techniques, the most obvious advantage of LSF is the lightness of the system.

It is estimated that the weight of an LSF building can weigh up to ten times less than a building
made with traditional techniques. The physical properties of cold-formed steel make it an excep-
tionally sustainable material: resilient, durable, and adaptable, steel allows it to operate in a wide
range of buildings and environments. For example, its ductility, strength, and lightweight make it
a suitable material for construction in windy and seismic locations. The ability to treat steel
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against corrosion phenomena, for example with zinc coating, provides the material with durability
properties that exceed even one hundred years. Steel also does not emit volatile organic com-
pounds and is 100% recyclable, a feature that significantly reduces life cycle costs.

The advantages of the LSF system are not limited to the peculiarities of the production tech-
nique and the material; but benefits vary depending on the project site, the complexity of the
work, and the quality of the result. In recent years there has been a progressive increase in the
number of catalog solutions offered by companies producing cold-formed profiles, and their dif-
fusion is increasing not only for new constructions but also for renovations (Sesana 2022b).

4 AN ITALIAN RESIDENTIAL CASE STUDY WITH LIGHT STEEL FRAME SYSTEM

A study was conducted in 2021, in collaboration with Fondazione Promozione Acciaio
(FPA), Italian promotion and communication entity of steel in construction, on a selection of
recent mostly residential case studies, mainly located in Italy and some outside the European
Union, meeting the above-mentioned regulations and methodologies with LSF solutions.

In this section, one case study in Italy, as representative of the study, is presented as a proof
of concept of the LSF feasibility construction and to underline its potentialities in terms of
efficiency and sustainability for buildings.

Figure 1. Graphical summary of the main data of the residential case study realized in LSF in Italy.

Slash House is the name of the high-energy-efficient residential building realized in 2019 in
Godiasco Salice Terme (PV).

The main data about the location, the climatic context, the year of construction, and geometry
are summarized in the first line of the graphical summary (Figure 1), while in the second row,
there are represented both the envelope performance in terms of thermal transmittance for wall,
roof, and window and the main KPIs for energy (Primary energy and Renewable energy produced
on-site). The load-bearing structure is separate from the curtain wall structure: thus the insulating
capacity of the walls, curtain wall, and windows and doors was optimized. For the walls,
a drywall construction system constituted by C profiles in LSF was used with an outer cladding of
reinforced concrete slabs and an inner cladding of gypsum plasterboards. The high-performance
envelope is completed with the installation of triple-glazed windows, including the curtain wall,
with Argon gas in the double-glazing units and selective low-emissivity treatment. Strategies for
optimizing envelope performance include flat roofs with hanging greenery that provide excellent
performance in both summer and winter due to the inertia provided by the soil.

In order to achieve nearly zero energy consumption, the system plant foresees efficient
summer-winter air conditioning, both in the generation and distribution of heating or cooling
fluid, supplemented by mechanical ventilation with heat recovery.

The air-conditioning system is an air-to-air heat pump with internal splits, supplemented by
a controlled mechanical ventilation system with total heat recovery and all of the house and
system is managed by automatic control.

The house is not connected to the gas grid; electricity is produced by the photovoltaic
system composed by 24 modules of about 6 kW, integrated in the roof.

The house, with a total non-renewable primary energy requirement of 44.85 kWh/m?
per year, reached an energy performance class of A4 and reach its target of nearly-zero energy
building covering the overall energy demand with the renewable energy produced on-site.
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5 CONCLUSIONS

The paper presents an overview of the major role of the steel construction sector in making
sustainable and efficient buildings for the future and reducing the environmental impact of the
construction sector in order to achieve the European goal of climate neutrality by 2050.

From the analysis of the presented work, it emerged that despite the effort of the steel industry
to adapt their products and building systems to the European goal of carbon neutrality, there is
an urgent to identify: (i) the most suitable methodology to design net-zero energy buildings; (ii)
commons tools to manage, share and calculate data in a digitalized way; (iii) a common data
framework to evaluate the energy performance of the building using the LCA methods.

The LSF solutions implemented in the case study represent a valuable solution to reach the
NEB goals thanks to the described potentialities and advantages in comparison with traditional
solutions. The LSF systems in fact offer more flexibility compared, for example, to concrete and
brick walls and are, therefore, less sensitive to dynamic stress and it is also suited to earthquake-
proof designs. The “dry” and “light” aspects, therefore, seem to address all the requirements of
modern living, from design to comfort, taking their place in the environment with a light footprint.
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