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Preface

SMAR 2024, the 7" international conference on Smart Monitoring, Assessment and
Rehabilitation of civil structure, is co-organised by the Structural Engineering Laboratory
of Empa, the Swiss Federal Laboratories for Materials Science and Technology, and
the Department of Civil Engineering of the University of Salerno, Italy. It is hosted at the
Main Campus of the University of Salerno between 4 and 6 September 2024.

A total of 324 abstracts were accepted for presentation in SMAR 2024 and 280 of
them were also converted into full paper to be eventually published in the conference
proceeding, which, for the first time, are going to be published by Elsevier in a dedicated
issue of Procedia Structural Integrity (Online ISSN: 2452-3216) an open access
journal publishing under a CC-BY-NC-ND license full papers presented in scientific
conferences.

However, as a well-established tradition in SMAR Conferences, the present volume
collects all the abstracts related to presentations scheduled during SMAR 2024. It is
organised in the following sections corresponding to the main topics and mini-symposia
organised as part of the conference:

Keynote Lecture

Durability issues as related to harsh environments

Performance and damage assessment

Practical applications and case studies

Shape memory alloys in civil structures

Structural health monitoring

Structural strengthening and repair

MS1: Multifunctional materials for sustainable constructions: integrated thermal,
structural and sensing systems

MS2: Research and development of lron-based Shape Memory alloys and their
engineering application technology in China

MS3: Digital Manufacturing in Construction

MS4: Intelligent digitalization in structural health monitoring and lifetime maintenance
of complex structures

MS5: Smart FRP and steel structures

MS6: Innovative Methods in Strengthening of Concrete Bridges using FRP

MS7: Bio-based composites for rehabilitation and retrofitting of buildings and
structures

MS8: Advances in the investigation of the bond mechanism of externally bonded
composites and FRP bars

MS9: Advances in Fiber Optical Sensing Solutions for Infrastructure, Geotechnics and
Earth Sciences
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MS10: Economic assessment and Life-Cycle performance in building and civil
engineering works

MS11: Seismic-Fire combined assessment and optimization of interventions for
buildings and infrastructures

MS12: Innovative solutions for fatigue strengthening of existing structures

MS13: Natural fibres for eco-compatible solutions in seismic and energy upgrading of
masonry structures

MS14: Advancements in Risk and Reliability Assessment of Existing Structures

MS15: Shape Memory Alloys (SMAs) for Engineering Applications

MS16: Systems and methods for transport infrastructure surveillance and monitoring

MS17: Advancements in Object Digitization and Analysis: A Mini-Symposium on
Innovative Tools and Methods

The aim of this volume, in conjunction with the conference programme, is to guide the
conference attendee and any research or practitioner interested in SMAR 2024 to have
a quick access to the conference contents, which can be eventually studied in further
details by reading the related full papers that will be made available in the conference
proceedings.

SMAR 2024 Co-Chairs

Masoud Motavalli
Empa, Switzerland

Alper lIki
ITU, Turkey

Enzo Martinelli
University of Salerno, Italy

Moslem Shahverdi
Empa, Switzerland
Salerno (Italy), September 2024
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ID: FA

Transcending discreteness
in infrastructure monitoring

Fae Azhari
University of Toronto
Canada

Abstract

Detecting and quantifying local anomalies over large areas poses a significant challenge in
structural health monitoring of civil infrastructure. Conventional practice relying on strategic
placement of discrete sensors demands comprehensive prior knowledge of susceptible regions.
Correlating localized flaws to changes in global measurements such as vibration characteristics
remains difficult and implementing dense sensor networks proves impractical for extensive
coverage. Therefore, breaking free from discrete sensing and embracing spatially distributed
measurements marks an essential leap forward. Traditional methods for distributed sensing
involve fiber optic sensing technologies and vision-based techniques. In recent years, mimicking
biological skin, a concept that is well-advanced in the field of robotics, has found application in
civil infrastructure monitoring. Following an in-depth review of artificial sensing skins for mapping
defects and strain fields over large surfaces, the focus shifts to our recent work on developing
multifunctional cementitious sensing skins. Self-sensing cementitious composites have the
potential to revolutionize monitoring of civil infrastructure due to their compatibility with concrete.
Their implementation requires a considerable journey ahead and faces several hurdles, the most
critical of which will be outlined.

Keywords

Spatially distributed sensing, Fiber optics, Vision-based monitoring, Sensing skins, Multifunctional
composites

Corresponding author’'s email: fae.azhari@utoronto.ca




7' International Conference on Smart Monitoring, Assessment and Rehabilitation of civil structures
Salerno, Italy - 4-6 September 2024

ID: KB

Al-enhanced Digital Inspection of Bridges

Konrad Bergmeister Elisabeth Stierschneider
BOKU University Vienna BOKU University Vienna
Austria Austria

Lada lli¢ Konstantinos Tsalouchidis

Bergmeister ZT GmbH Bergmeister ZT GmbH
Austria Austria

Daniele Di Luca Nicolo Spiezia
KnowCe KnowCe

Italy Italy

Abstract

Civil infrastructure inspection -and consequently maintenance- is carried out primarily through
visual inspections. Al-enhanced (Artificial Intelligence) digital inspection methods, integrated with
risk-based probabilistic approaches, have been promoted to keep existing structures, especially
infrastructures, safe and predictable. Drones are used to obtain a significant number of images
to cover the surface of a bridge, which are further integrated into a digital 3D (three-dimensional)
model. According to the IFC standards (Industry Foundation Class), this 3D model is GPS-
positioned (Global Positioning System) and connected to BIM (Building Information Modelling).
Post-processing the accumulated data volume of all digital images is very time-consuming. For
this reason, appropriate Al-based algorithms streamline this process significantly, enabling
partially automated damage detection and assessment. To this end, images of various types of
damage on different bridges are used to train and test the Al-enhanced models. In addition,
damage identification and classification are developed. Six visually detectable defects can be
identified, and theoretical models estimate the associated structural diseases. Finally, a
probability-based risk assessment presents the basis for defining the criticality of the structure.
With the help of digital images, it is possible to create a high-fidelity digital model and quantitative
surface and spatial data records of the structural health condition of bridges and other
infrastructures.

Keywords

Artificial Intelligence, Digital Inspection, Damage Detection, Structural Diseases, Bridges
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ID: MC

Seismic retrofit of buildings in Italy
through seismic isolation or energy dissipation

Maria Gabriella Castellano
FIP MEC srl
Italy

Abstract

Seismic isolation and/or supplemental energy dissipation is used in Italy since the 1970s in new
structures. However, the applications of these technologies in existing buildings became relatively
common after the destructive 2009 L'Aquila earthquake.

Seismic isolation, when feasible, is the most effective retrofit technique, thanks to strong reduction
of accelerations and interstorey drifts, and the removal of torsional problems. Seismic isolation
was applied in many buildings damaged by recent earthquakes, but not so damaged to make
more affordable demolition and rebuilding. The Italian reconstruction law imposes that the retrofit
of buildings strongly damaged by an earthquake improves the seismic behaviour at least at a
level of 60% of the performance of a new building on the same site. It is not easy to reach this
level with conventional techniques, while seismic isolation allows to reach even higher levels
without works on the superstructure. This makes seismic isolation ideal to retrofit undamaged
buildings as well, without interrupting their use, apart in a small portion (usually basement or
ground floor).

Supplemental energy dissipation devices are also very useful to retrofit existing buildings. They
reduce the request of ductility to existing structural elements, and thus reduces their damage. The
structures that benefit most from supplemental energy dissipation are framed buildings that are
too flexible as well as to weak under seismic actions. Energy dissipation devices are often used
in braces, to exploit the excessive interstorey drifts of said buildings. However, there could be
other positions for the installation of energy dissipation devices.

The lecture presents many practical examples of use of seismic isolation and energy dissipation
devices in existing buildings in Italy.

Keywords

Earthquake, seismic retrofit, seismic isolation, energy dissipation, building
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ID: SD

Al-Aided Structural Engineering
Inspection and Decision-Making

Shirley J. Dyke Lissette Iturburu
Purdue University Purdue University
USA USA
Xin Zhang
Purdue University
USA

Abstract

During the assessment of our civil infrastructure, engineers collect vital information in the form of
images, structural drawings, readings (from sensors), and make informed decisions about the
state of the structure supported on this information. Deep learning and computer vision have
proved powerful tools for automating the information extraction from these data sources and
supporting the inspection activities. This presentation will be divided into two parts: (1) Automating
the extraction of unbiased and task driven information from more than 100,000 building images
and 10,000 bridge images. (2) Using historical data to recommend and update decisions based
on changing conditions. Emphasis will be made on considerations to be made in balancing the
costs and risks associated with increasing the levels of Al involvement to enable engineers to
better manage their resources. This presentation will discuss the methods and share important
lessons from these investigations on the power of artificial intelligence to aid the work of the
engineer in performing these tasks.

Keywords

Deep learning, structural inspection, image classification, decision-making
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ID: UM

Advancements in Carbon Fiber Reinforced Polymer
Tendons for Structural Rehabilitation

Urs Meier
Empa
Switzerland

Abstract

Over the past three decades, the application of carbon fiber-reinforced polymers (CFRP) in the
post-strengthening of civil structures mainly in the form of externally bonded CFRP sheets and
near surface mounted CFRP strips has evolved significantly. While steel tendons still dominate
the field of external post-tensioning for the rehabilitation of structures, recent breakthroughs in the
application of CFRP tendons will pave the way for their widespread acceptance in rehabilitation.
The early 1980s witnessed the pioneering development of anchors for CFRP parallel wire
bundles, to addressing the challenges posed by deteriorating steel cables. Notably, the
successful application of CFRP parallel wire bundles on the Stork Bridge in 1996 marked a pivotal
moment in the history of bridge construction. Shortly thereafter CFRP parallel wire bundles
replaced in a post-tensioned concrete box girder bridge corroded steel cables. Despite their early
success, their high costs associated with the anchors for CFRP parallel wire bundles posed a
significant barrier to widespread adoption. To circumvent this challenge, the introduction of pin-
loaded CFRP straps emerged as a cost-effective and reliable alternative. A pivotal point was
reached in 2020 when bridge engineers embraced the use of pin-loaded CFRP straps in the
construction of network arch bridges. Basic research and development, coupled with
comprehensive qualification experiments required by German authorities, confirmed the superior
sustainability and cost-effectiveness of CFRP hangers compared to their steel counterparts. The
paper meticulously outlines the production process of these tendons and delves into the rigorous
qualification experiments that encompass fatigue, fire exposure, and lightning strike tests.
Drawing on the successful integration of CFRP tendons in various network arch bridges, this
paper envisages their wider use in the economic and sustainable rehabilitation of both concrete
and steel structures.

Keywords

Rehabilitation, external post-tensioning, CFRP tendons, network arch bridge, fatigue
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ID: CP

Management of Road Bridge Networks in Italy
by Means of Integrated SHM Systems

Carlo Pellegrino
Universita degli studi di Padova
Italy

Abstract

Management of stocks with large number of bridges is a relevant issue for the Italian roadway
system. In the last years the use of integrated SHM (Structural Health Monitoring) systems is
being introduced within the framework of the modern BMS (Bridge Management Systems) with
the aim of implementing a continuous damage identification strategy. In this framework, ambient
vibration-based SHM has received most attention owing to its minimal intrusiveness, non-
destructive character and global damage identification capabilities. A lot of research effort has
been devoted in the last years to SHM techniques but ease of use, interpretability and minimal
intervention of expert judgement are essential issues for the fruitful application of SHM in real and
wide bridge networks. ANAS S.p.A., the main road managing Authority in Italy, is implementing a
huge monitoring program on its bridge network with the main purpose of addressing the recent
indications of the Italian guidelines for assessing and monitoring of bridges, and the University of
Padova, together with the University of Perugia, Technical University of Milan and the other
Universities of FABRE Consortium are supporting ANAS for the real application of modern SHM
techniques. According to these actual needs, a new software suite called P3P has been
developed and is being applied to a real stock of more than one hundred bridges distributed in all
the ltalian territory.

Keywords

Iron-based shape memory alloys (Fe-SMA), UHPC, Shape memory effect, Martensitic
transformation, Prestressing
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ID:036

Development of Corrosion Protection Method of
Reinforcement in RC Structures by Electromagnetic
Induction

Hideki Oshita
Chuo University
Japan

Abstract

Various degradations have been occurring on most of RC structures and the early deterioration
of RC structures becomes an social problem. Much more attention is paid to the corrosion of the
reinforcement especially rebars, because it cause the reduction of the structural and the durability
performance. Therefore, it is very important to protect the occurring of corrosion on the
reinforcement.

The protection method currently in use are Impressed Current System and Galvanized Anode
System in which the both of the mechanism is decrease of a potential deference on between the
anode and cathode. However, it takes too much cost to replace the anode material etc. and the
chipping of concrete surface to expose the rebars cause damage to the structures and then its
damage can result in the performance of structure and durability.

In this study, a new cathodic protection method of rebars in RC structures by electromagnetic
induction, which does not cause damage to the structures at all, was proposed. The principle of
the proposed method is that the eddy current, which is generated on the rebar surface due to
electromagnetic induction, is used as a protective current to prevent the formation of anodes and
cathodes on the rebar surface. In this paper, it is noted that the feature of the eddy current on the
rebar due to the both of the experimental and the analytical results was discussed, and then the
performance of the corrosion protection proposed in this paper was estimated. Finally, it should
be noted that the proposed method is applicable to prevent the occurrence of corrosion on rebars
due to the comparison with the experimental estimation.

Keywords

Corrosion, corrosion protection, electromagnetic induction, RC
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ID:258

Theoretical effects of corrosion on lateral stress along
reinforcement bars in concrete

Antonio Bossio Gian Piero Lignola
University of Naples Federico I University of Naples Federico I
Italy Italy

Andrea Prota
University of Naples Federico |l
Italy

Abstract

Literature review of latest research findings on the bond behavior of corroded reinforcing steel
bars suggests that the bond mechanism is minimally affected by corrosion. However,
discrepancies exist among researchers concerning the influence of corrosion on the critical
parameters that govern bond behavior of bars.

Former studies have primarily focused on the diminishing bond strength caused by corrosion.
Several key factors influencing bond strength have been identified, including corrosion of the main
bar, concrete cover thickness, concrete type, stirrups, stirrup corrosion, and corrosion rate.
However, existing bond strength models are largely based on specific test results and lack
generalizability.

This work is a part of a wider study aiming to evaluate main concrete and steel parameters effect
on corroded reinforced concrete structures. The scope of present paper is to evaluate the effect
several parameters on bond behavior. Some concrete exposure classes are considered, and
corrosion process is simulated using a non-linear analytical model. Three bond theories are
considered to have comparative results. Corrosion simulation has been done using different
concrete and steel parameters to evaluate their effects on RC corroded elements’ bond capacity.

Keywords

Steel corrosion, theoretical modelling, parametric analysis, bond behavior, reinforced concrete
structures.
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Degree of composite action of steel beams with precast
concrete hollow core slabs

Parinaz Panjehbashi Aghdam Serge Parent
Université de Sherbrooke Université de Sherbrooke
Canada Canada
Nathalie Roy
Université de Sherbrooke
Canada
Abstract

Different construction challenges followed by harsh environmental conditions, triggered the
human intention for precast composite structures. The precast concrete hollow core (PCHC) slabs
have been popular especially for multi-story long-span composite structures. In comparison to
conventional solid concrete slabs, they have the advantages of being more light-weighted, fire-
resistant, soundproof, and sustainable. However, the composite action between the steel beams
and PCHC slabs is neglected in the design codes. This paper aims to investigate the composite
action between the PCHC slabs and steel beams through an experimental study. Two full-scale
flexural tests were performed on specimens of 203- and 254 cm depth connected to the steel
beam via 19- mm diameter shear studs. The failure modes and crack formations were recorded
by instrumentations and data acquisition system. The degree of composite action (DCA), an
important parameter to describe the structural behaviour of the composite beam, was calculated
based on the displacement method.

The digital image correlation (DIC) technique was also applied to capture the neutral axis position
during the loading process. Finally, the experimental results were verified based on the DIC
technique.

Keywords

Composite Construction, Precast Concrete Hollow Core Slab, Composite Interaction, Flexural
Test, Shear connector
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Live Load Design and Safety Concept for Building
Materials with Time Dependent Properties

André Weber
Schoeck Bauteile GmbH
Germany

Abstract

For all buildings and structures a sufficient safety standard is essential. In building codes like the
EN 1990 failure probabilities are defined for different buildings members and applications.
Materials as well as actions are characterized by safety factors to fulfil the failure probability
requirements and to enable in this way a safe design. But materials with time dependent
properties can complicate this process.

In this paper different ways to handle variable loads in design are presented. GFRP materials
have different resistances depending how long, and how often and at which temperature the
different actions apply. For this reason it is important to define different categories for different
actions and to check for the effect of these actions. Therefore a new model is proposed, which
uses the known y factors to categorize actions according probability and resistance of the
material. All is based on a semi-probabilistic safety concept.

In addition different safety concepts for these materials are discussed regarding technical,
economical and practical aspects. As examples the approaches from the EN 1992-1 Annex R,
the approach from ACI 440 and CSA and the German approval abZ 1.6-238 are evaluated. A
combined performance based approach for a higher economical efficiency with the same proven
level of safety is presented at last. This is all shown with practical values and examples.

Keywords

GFRP rebar, live load, combination factor, safety concept, design, long term testing, time
dependent property
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Durability of GFRP composites produced by pultrusion
under thermal environments

José Sena Cruz Claudio Leite
University of Minho University of Minho
Portugal Portugal

Marco Jorge Luis Correia
University of Minho University of Minho
Portugal Portugal

Tarikul Hassan Jodo Raméa Correia
University of Lisbon University of Lisbon
Portugal Portugal

Mario Garrido Susana Cabral-Fonseca
University of Lisbon Laboratério Nacional de Engenharia
Portugal Civil Portugal

Abstract

Composites materials (also known as fibre reinforced polymers - FRP) are being increasingly
used in civil structural applications due to their advantages over conventional materials.
Regarding durability, the relatively long experience of using FRP in various applications provides
evidence of their improved performance, namely in relatively harsh conditions. However, such
empirical experience also highlights aspects such as (i) susceptibility to degradation due to
several environmental agents, and (ii) lack of data for relatively thick laminates produced by
pultrusion. To address this, an extensive experimental program about the durability of relatively
thick pultruded glass-FRP (GFRP) plates, combining laboratory and in-situ field tests is carried
out. This paper presents preliminary results from the thermal ageing environments of GFRP plates
produced by pultrusion under different temperatures, namely -15 °C, 20 °C, 40 °C and 60 °C for
12 months, and thermal cycling between -15 °C and 60 °C for 100 and 200 cycles. After exposure,
the degradation of the thermomechanical and mechanical properties of the aged GFRP plates
was evaluated by means of different types of tests, namely: dynamic mechanical analysis,
tension, compression, flexural, in-plane shear and interlaminar shear.

Keywords

Pultruded GFRP composites, Durability, Thermal Ageing, Thermomechanical properties,
Mechanical properties
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Development and validation of a creep frame adapted for
ELS (End Load Split) test

Arij Fawaz Emilie Lepretre

Université Gustave Eiffel Université Gustave Eiffel
France France

Xavier Chapeleau Sylvain Chataigner

Université Gustave Eiffel Inria Université Gustave Eiffel
France France

Abstract

In industry, structural bonding can play an important role in repairing and reinforcing metallic
structures. To ensure this, the design strategy for adhesively bonded joints should be selected
carefully. One reliable method is to use fracture mechanics tests that allow the determination of
fracture toughnesses in mode I, Il or mixed-mode. Such strategy can be used during the analysis
of the initial design, but also through the aging study. Several authors have carried out
investigations on the evolution of fracture toughness following different environmental aging.
Nevertheless, few studies were conducted to inspect the effect of applied load on the mechanical
behavior of bonded joints. To fulfill this target, it is important to develop and validate experimental
methodologies able to maintain constant loads during samples’ ageing. In addition, these samples
need to be amenable to subsequent fracture mechanics testing. In this study, only mode Il is
considered by using the End Load Split (ELS) test. An adaptation of the sample’s geometry is
required to allow the combination of both ELS and creep configurations. This paper aims to
present this adaptation as well as the developed creep frame. The new sample configuration is
compared to a traditional sample geometry, revealing both similarities and differences. An optical
fiber is employed to monitor crack propagation, thereby enhancing this comparison.

Keywords

Adhesively bonded joints, ELS test, Creep frame, Experimental validation.
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Durability of concrete assessed
via different unsaturated and steady-flow methods

Laurena De Brabandere Natalia Mariel Alderete
Ghent University Ghent University
Belgium Belgium

Nele De Belie
Ghent University
Belgium

Abstract

Recently there is a growing interest in how to decrease the environmental impact of concrete and
how to increase its durability. As concrete is mostly unsaturated during its service life, measuring
unsaturated flow (through imbibition or diffusion) can provide information to assess its durability.
Additionally, permeability values are often used to describe concrete’s ability to withstand the
ingress of aggressive agents. However, it is not known whether the measured performance is
representative of service-life behavior. In this research, the results obtained via 2 unsaturated
flow methods (imbibition and diffusion) and 2 permeability tests (CEMBUREAU and Torrent
method) were compared. In order to do this, 6 concrete mixes with 3 different cement types (CEM
I, CEM Il and CEM lll) and two water to cement (w/c) ratios (0.4 and 0.7) were tested after 28
days and 120 days of curing. First of all, capillary imbibition was tested on specimens with a
diameter of 100 mm and a height of 100 mm for 1 week. Furthermore, water vapour diffusion
through the concrete was measured using the cup method, which consists of creating a moisture
gradient, using a hygroscopic salt, with a concrete slice as a barrier. The results showed that for
concrete with a w/c of 0.4 all test methods indicated that CEM Il performed worse in comparison
to CEM | and CEM II, which had a similar performance. However, for a w/c of 0.7, CEM Il
performed superior in comparison to CEM | and CEM Il in the capillary imbibition test and the
water vapour diffusion which can possibly be explained by an increased tortuosity. In the gas
permeability tests, CEM lll performed worse in comparison to CEM | and CEM II.

Keywords

Concrete, durability, performance assessment
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Resilient Seismic Performance of Self-Centering Hybrid
Rocking Reinforced Concrete Wall: Numerical Simulation

Nouraldaim F A Yagoub Xiuxin Wang
Southeast University Southeast University
China China
University of Nyala
Sudan
Hikma Ally Lkhachinjav Nyamdavaa
Hohai University Southeast University
China China

Abstract

Areinforced concrete rocking wall is designed to withstand seismic forces. Its motion helps absorb
the earthquake's energy, reducing the wall's stress and preventing it from collapsing. the self-
centering wall is an effective solution for areas prone to earthquakes, it is designed to be self-
centering, meaning it can return to its original position after an earthquake. It is more durable than
traditional concrete walls. An innovative self-centering hybrid rocking wall with a replacement steel
energy dissipator (RSED-CSHRW) is suggested to minimize concrete wall damage during
earthquakes and the challenging repair afterward. The resilient performance of the proposed
model RSED-CSHRW was numerically examined; utilizing the ABAQUS platform, a finite element
model validated by experimental data was built to further analyze the suggested RSED-CSHRW's
robustness, with a focus on the RSED's energy-dissipating capacity. Furthermore, a group of
RSED-CSHRW samples was assessed under cyclic loading to investigate the resilient
performance while taking into account the main influencing factors of the prestressed unbonded
tendons' cross-sectional area, the initial value of the prestressing force, the location of the Pos-
tensioned strands, and the thickness of the replacement energy dissipator device. These findings
demonstrate that the suggested self-centering hybrid rocking wall with a replacement energy
dissipator has excellent resilient properties such as great energy dissipation capacity, good self-
centering ability, and high strength and stiffness, achieving the goal of low damage level during
the earthquake and quick rehabilitation after, the simulation outcome of the samples indicates that
the numerical model based on ABAQUS is sensible.
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Abstract

The inspection and assessment of post-tensioned (PT) bridges is a complex issue, first involving
the evaluation of the conservation status of the cables. One of the most crucial pieces of
information to be confident with is the cables’ location since it allows for all subsequent tests (both
non-destructive and destructive). Many non-destructive techniques (NTDs) are studied and
employed by the scientific community and practitioners for the cables' trace determination in PT
beams; one of the most promising is the Ground Penetrating Radar (GPR). This technique is
commonly employed in the location of metallic elements, both under the ground (pipes, utilities,
etc.) and inside the concrete (reinforcements, ducts, etc.). The GPR technology exploits
electromagnetic waves typically in the range of 1000-5000 MHz in the inspection of structures
and tunnel lines. The variation of electromagnetic properties of the materials results in changes
in the speed of travel, attenuation, and redirection of signals. The present research deals with the
determination of the GPR accuracy in locating cables in PT structures. A laboratory testing
campaign on specially designed samples was conducted for this aim. The tested walls contain
both metallic and plastic ducts.
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Abstract

Concrete structures in cold climates suffer from frost damage. The evaluation of frost resistance
requires big samples, which is not suitable for structural assessment. Therefore, developing an
evaluation method that induces minimal damage to the structure is necessary. The drilling powder
method has been proven to cause minimal damage to the concrete (1 mm hole) and can be used
to estimate the concrete compressive strength. In this study, this technique is further investigated
on its applicability to evaluate concrete frost resistance. Concrete specimens were prepared with
various water-to-cement ratios and amounts of air-entraining admixture. The extraction of
concrete powder and freeze—-thaw cycle exposure were performed on the specimens to evaluate
the pore structures and frost resistance, respectively. Mercury intrusion porosimetry was used to
evaluate the pore structures of the drilling powder. Additionally, the feasibility of the drilling powder
method was investigated by comparing the obtained result with that of a 5 mm concrete core. The
results showed that the drilling powder method can be used to evaluate the frost resistance of
normal concrete. However, the 5 mm concrete core cannot be used to estimate the frost
resistance owing to the variation in coarse aggregate portion in the small-sized sample. These
results imply the potential use of the proposed method in minimal damage assessment.
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Abstract

Several non-destructive and partially destructive tests are available for assessing of the in-place
concrete quality. In this article, rebound hammer and pull-off tests are used to check the in-place
concrete quality of reinforced columns after one year of exposure to natural conditions, and which
have been previously characterized in compression based on the influence of core diameter. Both
tests were performed on different locations through the height of the columns (top, middle and
bottom). Results of the compressive strength values derived from the rebound hammer test reveal
a variability through the different zones, with a standard deviation greater than 13%. On the other
hand, the results of the partially destructive test (pull-off test) show an increasing trend of the
tensile bond strength toward the bottom of the columns (tensile bond strength of the upper zone
is lower than that of the middle and bottom zone), with a standard deviation greater than 11% for
each reinforced concrete column. Based on these results, the reliability of both tests has been
discussed.
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Abstract

The overhead power conductors carry electricity power from distribution feeders to consumers,
providing a necessary service. In the Australian distribution network, Aluminium Conductor Steel
Reinforced (ACSR) cables are widely utilised. They offer increased strength and conductivity by
combining both steel and aluminium strands. Due to factors like current flow, elevated ambient
temperatures, direct sunlight exposure, and short circuit currents, these conductors can be
subjected to elevated temperature levels. Operating at higher temperatures can alter the
mechanical characteristics of the conductor materials. Consequently, the mechanical strength of
conductors diminishes when powerlines consistently operate under these conditions. Conductors
are set up in various environmental conditions, resulting in different wind load impacts. While the
temperature rise can be somewhat offset by these wind variations in terms of cable strength, it
still introduces extra tensile stress in the conductor. Hence, this research aims to determine the
combined effects of thermal and wind factors on the reduction of strength and increased tension
in ACSR cables. In this study, laboratory tests were performed to determine the decrease in the
tensile strength of conductors under steady-state elevated temperature scenarios. Additionally,
CFD modeling was employed for numerical simulations to examine the combined influences of
wind and temperature. Using results from both methods, precise forecasts were provided to
understand the performance of conductors when subjected to combined temperature and wind
effects.
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Abstract

In the field of non-destructive testing of concrete, the use of ultrasonic waves became state of the
art, among other techniques. Nevertheless, there is still room for improvement, in particular
concerning resolution and robustness of the monitoring results.

One approach is the application of the Full Waveform Inversion (FWI) originating from
geotechnical engineering, known here as seismic tomography. The forward and backpropagation
of waves within a numerical model are deployed to identify material parameters, like the primary
and secondary wave velocity as well as density. This approach forms a non-linear, and ill-posed
mathematical problem. Its solution is computationally demanding and time-consuming.

Within the presented approach, the Full Waveform Inversion is used on an artificial concrete
specimen. Here, the synthetic ultrasound data is compromised by the consideration of different
levels of Gaussian white noise. Additionally, several sizes and positions of faults are computed
to simulate a variety of possible defects within the concrete material as in reality. Subsequently,
the identifiability of the fault together with its recognition quality are investigated. Additionally,
recommendations on sensor positioning and layout are given.
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Abstract

The work investigates the dynamic validation and seismic assessment of a bell tower located in
Caserta Vecchia, emphasizing its relevance in structural engineering. Given the tower historical
significance, understanding its structural behavior under seismic loading is vital for preservation
efforts.

To capture the bell tower structural intricacies, advanced photogrammetric surveying techniques
were utilized. This produced a detailed 3D model of the bell tower, which was subsequently
integrated into the Abaqus software for finite element analysis. This approach facilitated a
comprehensive examination of the tower structural dynamics and vibrational characteristics.
The study's robustness has been further enhanced through a validation process. Frequency
analysis outcomes from Abaqus were cross-referenced with real-world seismic data collected
using structural health monitoring (SHM) systems. This seismic data was analyzed using the
Frequency Domain Decomposition (FDD) technique. This method ensured that the analytical
model results were consistent with observed seismic responses, thereby validating the model's
accuracy and reliability.

Further dynamic analyses were conducted to evaluate the bell tower potential vulnerabilities
during high-intensity seismic events. These analyses are essential for predicting the structural
response and potential damage patterns during earthquakes, facilitating better preparedness and
mitigation strategies.

The applicability of the methodologies used in similar contexts offers opportunities for advancing
heritage preservation and optimizing the seismic safety of such complex structures.
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Abstract

Subsidence and earthquakes induced by mining activities often cause significative damage in the
near surface structures. These damages may endanger the life safety of the occupants and
deteriorate the structural performance of the buildings under serviceability and ultimate limit state
conditions. As many of these structures might have not been designed to withstand the new loads
and displacements imposed by the mining activities, an accurate prediction of their structural
performance is of great importance. The purpose of this paper is to present a comprehensive
review of the analytical methods and standard guidelines that are now available to assess the
performance of buildings located near mining areas and that are subjected subsidence and mining
induced seismicity. In the paper, the framework required for an accurate performance assessment
of this group of buildings is also presented. Based on the results a detailed step-by-step procedure
is then developed to help engineers to assess the performance assessment of structures located
near mines.
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Abstract

The reversibility of the martensitic phase transformation is crucial for the functionality of shape
memory alloys. The easier the martensite is pinned, the faster the degradation of the shape
memory alloy occurs during cyclic loading. This study investigates various factors influencing the
stabilization of martensite during deformation of single-crystalline states in the FeNiCoAITi
system. Complementary in situ methods, such as digital image correlation and acoustic emission,
are used to characterize the evolution of martensitic phase transformation and the role of
dislocations during deformation. Thereby, experimental evidence was elaborated pointing at
mechanisms that so far have been underrated in terms of functional degradation. In addition,
high-resolution electron backscatter diffraction (HR-EBSD) measurements were utilized to identify
residual stresses in the austenitic matrix, which significantly contribute to the reverse
transformation. Micro-mechanical experiments using pillar compression tests were carried out to
study the influence of back stresses on the reversibility of the martensitic phase transformation.
The findings from this study foster the understanding of pinning mechanisms during loading of
the FeNiCoAITi shape memory alloy eventually enabling targeted optimization for enhanced
superelastic material behavior.
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Abstract

The effect of 3D printing parameters on the mechanical properties of fiber-reinforced cementitious
composites (FRCC) was fully investigated. However, research on the effect of 3D printing
parameters on the electrical properties and even sensing properties is rare. In this paper,
extrusion-based 3D printing was performed to control chopped polyacrylonitrile-based (PAN)
carbon fiber alignment, and the effects of extrusion velocity, nozzle movement velocity, and
nozzle dimension were considered. Experimental results showed that aligning the fibers by
controlling the velocity ratio and narrow nozzle size weakens electron conduction due to fiber-to-
fiber disconnection that led to a significant drop in electrical conductivity by at least three orders
of magnitude. However, the random distribution of short carbon fibers extruded by large nozzle
dimensions has maximum electrical conductivity due to the larger possibility of fiber-to-fiber
contact or closure, strengthening the electrical network. By controlling the 3D printing parameters,
sensitivity in the piezoelectric property of FRCC before cracking can be tailored. This novel ability
to instantaneously control the electrical conductivity of FRCC through the alignment of carbon
fibers opens up new possibilities for the direct embedding of conductive pathways into 3D-printed
multifunctional composites that are capable of self-sensing, probably including crack detection.
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Abstract

For a highway operator, such as ASFiINAG, bridges are very important assets. Despite all regular
maintenance measures, these structures are strongly subjected to ageing and degradation,
because of their exposure. Chloride contamination poses a significant challenge, gradually
reducing the durability and service life of these structures, necessitating repair measures. This
paper focuses on the comprehensive analysis of data collected through on-site monitoring and
nearby weather stations.

Bridge components that were and are exposed to high chloride levels were rehabilitated with
different systems and monitored over more than a decade. In the paper the rehabilitation
methods, the sensor principles and initial corrosion data are presented. Seasonal corrosion trends
revealed interdependencies and offered insights into repair effectiveness and its durability.

This study provides insights into cost-effective and prospective maintenance strategies, based on
key indicators such as humidity, electrical resistivity, and corrosion potential. It assesses the
condition of structures rehabilitated by hydrophobic treatment and coating using long-term
monitoring data from a Vienna overpass. This offers valuable insights into the effectiveness of
repair measures.

The continuous monitoring allows for ongoing evaluation of degradation and maintenance
efficiency, that guide decisions on future maintenance intervals. This research serves as an
assessment of maintenance effectiveness, ultimately contributing to save costs, extend lifespan
and reduce line closures of critical road infrastructure.
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Abstract

The optimisation of civil infrastructures maintenance and management is a challenging task,
disseminated of open issues requiring the synergic development of effective structural health
monitoring systems and reliable models to be addressed. Relevant to concrete structures, models
cannot disregard the multi-physics nature of the problem: moisture and heat transport phenomena
in uncracked and cracked conditions, the ingress of aggressive agents and the ensuing chemical
reactions - that the latter may trigger - heavily affect the mechanical performance. Most of the
mentioned processes happen at a scale typically smaller than the structural one. Then, it is also
necessary to perform multiscale analysis, capable of adapting structural models upon the insights
resulting from lower scale analyses.

In the last decade, the Multiphysics-Lattice Discrete Particle Model (M-LDPM) has been
successfully adopted to model a wide range of phenomena in civil engineering involving concrete
structural members: ageing, environment-induced degradation, shrinkage, creep, and usage of
advanced construction materials. Furthermore, the discrete nature of the model has shown the
capability of predicting the cracking patterns accurately. However, such comprehensive and
accurate model simulates the material at the mesoscale, and computational and theoretical
burdens pave the path towards the exploitation of the insights resulting from lower scale modelling
at the structural level.

In this work a review of the state-of-the-art concepts that allow upscaling micro- and mesoscale
mechanical and multiphysics models is presented to explore alternatives for the formulation of
computationally efficient macroscale models that leverage on the predictive quality of M-LDPM,
in capturing and predicting the material constitutive behaviour, and the computational affordability
that features the classical Finite Element Method for the structural analysis of complex systems.
Finally, a preliminary proposal for the model upscaling is presented.
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Abstract

The "Structures Moonshot" project, initiated by National Highways and led by Atkins, Jacobs, and
supported by VSL, advances non-destructive testing (NDT) for highway structures, with a focus
on post-tensioned bridges and half joints. Launched in late 2022 and continuing until 2024, its
vision to revolutionise asset management for vulnerable bridges, enabling better and more
efficient data collection, leading to self-monitoring and self-diagnosis for National Highways’ most
critical structures.

The project comprises two phases; The first involves testing high Technology Readiness Level
(TRL) NDT technologies on bridge sections from the dismantled A14 Huntingdon Viaduct. These
are compared with the as-found physical conditions after hydro-demolition. The goal is to evaluate
current NDT methodologies, identify areas for improvement, and enhance efficiencies in
deployment.

The second phase centers on developing low TRL NDT technologies tailored for post-tensioned
bridges. This includes the use of guided wave technology, with the aims of enabling direct tendon
deterioration measurements without intrusive inspections.

Through the collaborative efforts involving National Highways, AtkinsRealis, Jacobs, VSL and the
NDT supply chain engaged with the project, this work is leading to a better understanding of how
we can determine the condition of post-tensioned bridges and half joints. The project will also
provide valuable insights for future bridge inspections and structure maintenance works, enabling
the development of clear training and guidance on optimal NDT deployment. This in turn will
improve our overall asset management practices, ultimately leading to better safety of our
structures and those using and maintaining them, and reducing disruption on our road networks.
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Abstract

In historical masonry structures, and particularly in churches, vaults have a fundamental role in
bearing the vertical loads of floors and roofs. However, in past earthquakes they have proved
vulnerable, representing a source of fragility for churches and palaces. In addition, the global
seismic behaviour of masonry structures is strongly affected by the stiffness of flooring elements
(diaphragm effect), which, when sufficient, allows for transfer of horizontal actions to stiffer wall
working in-plane.

In this paper, the diaphragm effect of historical masonry vaults under horizontal loads is
investigated numerically. A nonlinear Finite Element model of a cross vault is subjected to in-
plane shear actions on two supports to evaluate the stiffness degradation following damage
during an earthquake. Appropriate and compatible retrofitting actions are also studied to assess
their effectiveness in enhancing the seismic response of the vaults. This work is preparatory for
future physical testing activities on scaled prototypes to be performed within a broader research
project, aimed at the enhancement and exploitation of artistic and cultural heritage.
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Abstract

This paper outlines a method of assessment for the Freyssinet concrete hinges present at the
existing structures on the A465 Heads of the Valleys Section 5 & 6 Scheme in the UK beyond
that provided by National Highways’ Design Manual for Roads and Bridges (DMRB) document
CS468, which does not provide a sufficient mechanical model to demonstrate either safety or
previous acceptable performance of the hinges in service.

Until the release of CS468 Assessment of Freyssinet concrete hinges in highway structures (Nov
2019), no assessment standard was available for Concrete Hinges. The previous standard, BE
5/75, covered design only and was withdrawn as the use of concrete hinges in new design in the
UK is no longer permitted, unless in exceptional circumstances.

CS 468 undertakes assessment at the Serviceability Limit State on the basis that cracking and
spalling to the concrete in or around the throat will lead to the ingress of water and subsequent
corrosion to the reinforcement. However, recent application of the CS468 SLS assessment
approach to the existing bridges on the A465 has identified that it will typically not be possible to
satisfy the resistance to cracking check it contains at the Serviceability Limit State. The resistance
to end block splitting is also often not satisfied due to low reinforcement in the hinge end block.
It is noted that the existing Freyssinet concrete hinges on motorway and all purpose trunk road
bridges in England have generally been found on site to perform well at SLS and be structurally
reliable to date and therefore a mechanical model based on ULS strength is presented here to
provide justification of their acceptable performance and safety.
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Abstract

Water penetration in concrete has been introduced into Japanese Standard Specifications for
Concrete Structures ‘Design’ in 2018. This clearly shows that water ingress through surfaces can
affect steel corrosion. Test method for water penetration rate coefficient of concrete subjected to
water in short term was indicated at the same time. In 2022, Specifications ‘Maintenance’ has
involved this coefficient to estimate progress of steel corrosion. The proposed test method can
be useful for maintenance on the one hand and has a problem on the other. The test is performed
in destructive way and needs nine circular specimens (100 mm in diameter and 200 mm in height).
The aim of this research is to develop nondestructive test method which can visualize water
movement in concrete. Neutron imaging is chosen to attain this goal and is conducted at the
RIKEN Accelerator-driven compact Neutron Source, RANS. For incident neutrons, transmittance
is changed by the element distributed to the transmission direction and the volume. Especially,
hydrogen strongly scatter incident neutrons and water is imaged as shades.
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Abstract

Historic masonry lined tunnels form a large proportion of the world’s railway tunnel stock.
However, as many of these date from the second industrial revolution over 150 years ago, they
typically contain large areas of structural deterioration. Masonry spalling is a pervasive form of
surface damage and its severity, defined by the depth of spalling, is indicative of a tunnel’s
structural condition. Current tunnel spalling condition assessment procedures are largely manual,
so the extent of spalling observed on many historic tunnels presents a challenge for timely and
cost-effective assessment. Automated machine learning based workflows have shown substantial
potential for automating and reducing the subjectivity of the assessment process. A key step in
these workflows involves segmenting the location of masonry joints from 3D point clouds of the
tunnel lining in order to isolate masonry block locations. The most prevalent method is to unroll
3D tunnel lining data into 2D before applying U-Net based convolutional neural networks to
segment joint locations. However, recent developments in 3D point based neural networks enable
semantic segmentation to be conducted directly on the input point cloud. Point based methods
such as KPCONYV provide 3D feature characterization and enable semantic segmentation of a
wider variety of tunnel geometries by default, since a handcrafted unrolling strategy is not
required. This study conducted a performance comparison between 3D KPCONV, 2D U-Net, and
XGBOOST feature classifier based joint identification techniques. In order to effectively compare
a real-world use-case where time consuming manual data labelling should be minimized, the
methods were only trained on a 9.94m section of tunnel. It was found that a 2D U-Net combined
with tunnel unrolling workflow could be more successfully trained on the case study dataset and
due to effective transfer learning, achieved superior performance to KPCONV and XGBOOST
methods.
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Abstract

The increasing adoption of glued laminated timber (Glulam) as an environmentally conscious
material in construction has been driven by its excellent structural properties and lower carbon
footprint compared to other conventional materials. However, its organic nature underscores the
need to ensure the long-term integrity of these glulam structures. This paper proposes a novel
approach to non-destructive testing through the combined application of modal analysis and
updated finite element modelling. These advanced techniques allow a more accurate and detailed
assessment of the structural condition of glulam. Modal analysis identifies changes in natural
frequencies and vibration modes caused by potential material degradation, providing valuable
structural health information without compromising the integrity of the material. To achieve this
objective, the paper proposes to compare the real values measured in the modal analysis with
those obtained from the numerical model by formulating an objective function that measures the
error between the two. The differences between the two models are reduced using techniques
based on Particle Swarm Optimization (PSO). The work presents a specific formulation aimed at
achieving greater efficiency in the search for defects in this material. This approach enables the
adjustment of the numerical model by identifying damaged areas. The results of the proposed
method are verified by laboratory tests. For this purpose, glulam samples with different defects
were tested and their identification was verified by updating the finite element models,
demonstrating the ability and accuracy of the method to identify areas where the structural
stiffness has decreased due to deterioration.
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Abstract

The subject of this paper is to summarize the results of the analysis of the Troja footbridge
collapse. The footbridge from 1984 carried pedestrian traffic across the Vitava River in Prague.
The superstructure consisted of a stressed ribbon bridge with the main span 96.00 m. On
Saturday, 2 December 2017, the footbridge collapsed and four people were injured.

The analysis included the inspection of the remains, creation of the numerical models for the
global and local analysis and analysis of the measurement and dynamic tests, done on the bridge.
The analysis included the impact of variable influences, including the defect of the tendons,
temperature and boundary conditions. Based on variable methods, such as non-linear analysis,
dynamic analysis of the mode shapes and natural frequencies, changes in the modal flexibility
matrix, change of mode surface curvature CAMOSUC(j),x the conclusions are given, if the failure
could have been detected by used methods.

Paper also gives recommendation for the monitoring and dynamic tests of similar structures, the
density of the sensor net and temperature measurements so that the damage can be detected.
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