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Abstract 
The current article would summarize the activities related with the inspection and retrofitting of a bridge 
between Bulgaria and Romania across the Danube river, which connects the cities of Ruse (Bulgaria) and 
Giurgui (Romania). 

The structure is built in the period 1952 - 1954. The main part of the bridge is a steel double deck truss with 
160m and 80m spans and it combines 2 types of transport - road and railway traffic. There is a moving part 
of the superstructure which could be lifted when there is a high-water level, and the ships has to pass. The 
approaches part consists of steel 2T beams united with reinforced concrete prefab elements. The foundation 
type used for that structure is caissons. The total length of the bridge is approximately 2,2km. There is a 
combination of issues which compromise the road deck - heavy and intense traffic, poor maintenance, sultry 
weather conditions and that leads to the need of repair and rehabilitation of the bridge. Some challenges 
and new approaches would be described in the following paper. 

Keywords: Bridge retrofitting, Inspection methods, Digital twin. 

 

1 Introduction 
The Danube Bridge also known as the “Friendship 
Bridge” is a steel bridge over the Danube River 
connecting the Bulgarian bank to the south with 
the Romanian bank to the north and the cities of 
Ruse and Giurgiu respectively. It is one of only two 
bridges connecting Romania and Bulgaria, the 
other one being the “New Europe Bridge” between 
the cities of Vidin and Calafat Figure 1. 

 

 
Figure 1. Location of the bridge 

The bridge was built according to a Soviet project 
and was put into exploitation in 1954. Since the fall 
of the communist regimes in both countries, the 
bridge got the more functional name of “Danube 
bridge”. The structure is a double deck steel truss – 
upper level for road traffic and pedestrians and 
lower level with a one-track railway line. The 
central part of the bridge is mobile and can be lifted 
for oversized boats passage.   
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bridges connecting Romania and Bulgaria, the
other one being the “New Europe Bridge” between
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Preface

The title for the 2024 spring conference was deliberately selected to be 

provocative and to issue a challenge. Why? Because we want delegates to arrive 

prepared to think, to examine their own position and to contribute.

It is several decades since we first heard the warnings that inaction in the 

face of climate change would see the world drift into an ever more parlous 

state. Nowadays, there is no shortage of warnings and predictions of dire 

consequences. Thankfully, there are also many instances of individual and 

collective endeavour around the world to mitigate and even reverse some of the 

changes. But our situation is akin to a nation’s spending on healthcare: however 

much we do there will always be legitimate calls for it to be more.

In setting up this conference we wanted to both showcase examples of 

construction projects, products and practices that addressed the ‘Green Agenda’ 

- not in political or promotional ways but through objectively proven techniques - 

and to encourage delegates to think what they, personally, should do. It was some 

20 years ago that the then President of the Royal Academy of Engineering, Lord 

Browne, made it clear that it would engineers, not be journalists and politicians, 

who would make the greatest contributions to combating climate change. In her 

Presidential Address to the Institution of Structural Engineers in January this year, 

Tanya de Hoog set down a series of ways in which members of the Institution 

could each readily assist by making small changes to their day to day professional 

behaviour.

So learn from the technical presentations and discussions, take profit from the 

ad hoc conversations and be encouraged by being part of an international forum 

that has come together because it cares. IABSE is often referred to as a ‘Force 

for good’. Let us all ensure that Spring 2024 in Manchester makes that force even 

more powerful.

Professor D A Nethercot OBE, FREng, FTSE, NAE
Chair of the Scientific Committee
Emeritus Professor of Civil Engineering
Imperial College London, UK
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honorary doctorates from University College Dublin (2016) and Imperial College London 
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between Bulgaria and Romania across the Danube river, which connects the cities of Ruse (Bulgaria) and
Giurgui (Romania).

The structure is built in the period 1952 - 1954. The main part of the bridge is a steel double deck truss with
160m and 80m spans and it combines 2 types of transport - road and railway traffic. There is a moving part
of the superstructure which could be lifted when there is a high-water level, and the ships has to pass. The
approaches part consists of steel 2T beams united with reinforced concrete prefab elements. The foundation
type used for that structure is caissons. The total length of the bridge is approximately 2,2km. There is a
combination of issues which compromise the road deck - heavy and intense traffic, poor maintenance, sultry
weather conditions and that leads to the need of repair and rehabilitation of the bridge. Some challenges
and new approaches would be described in the following paper.

Keywords: Bridge retrofitting, Inspection methods, Digital twin.

1 Introduction
The Danube Bridge also known as the “Friendship
Bridge” is a steel bridge over the Danube River
connecting the Bulgarian bank to the south with
the Romanian bank to the north and the cities of
Ruse and Giurgiu respectively. It is one of only two 
bridges connecting Romania and Bulgaria, the
other one being the “New Europe Bridge” between
the cities of Vidin and Calafat Figure 1.

Figure 1. Location of the bridge

The bridge was built according to a Soviet project
and was put into exploitation in 1954. Since the fall
of the communist regimes in both countries, the
bridge got the more functional name of “Danube
bridge”. The structure is a double deck steel truss –
upper level for road traffic and pedestrians and
lower level with a one-track railway line. The
central part of the bridge is mobile and can be lifted
for oversized boats passage. 
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The bridge was built according to a Soviet project 
and was put into exploitation in 1954. Since the fall 
of the communist regimes in both countries, the 
bridge got the more functional name of “Danube 
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Abstract 
In 2023, the world was 1.5°C warmer than pre-industrial levels. Globally, we have now lost lost two 
thirds of our wildlife, and are still struggling to bring people above the poverty line. Meanwhile the 
use of construction materials is responsible for 15% of global emissions, 30% of waste generation, 
and 50% of resource extraction. But perceived ‘easy wins’ for reducing such impacts keep being 
disproven, and whilst digital technologies, MMC and AI are all touted as the saviours of material 
reduction, today’s structures are more inefficient than ever. The industry therefore needs to step 
back and revisit our basic goals and mindsets. We must scrutinise and be held to account for the 
damage we are inflicting on the climate, ecosystems, and humanity, to treat all living beings with 
equal sanctity rather than as things to balance against the demands of our paying clients, and to 
start acting in a wholly positive and regenerative, way. 

Keywords:  materials; structures; design; climate; net-zero; embodied carbon; ecology; biodiversity; 
regenerative design 

1 Introduction 
At a time when yet more and more records 
continue to be broken year on year, are we really 
treating the phrase “climate emergency” seriously 
enough?   

The global construction industry has made 
countless commitments around the world. 
Materials producers have set out roadmaps, design 
firms have committed to halving emissions, and 
clients and funders are making more and more ‘net 
zero’ promises. Yet if you walk onto a construction 
site today, you would be forgiven for thinking that 
there is no such emergency. New road bridges rise 
out of the ground in the same way they were doing 
a few years ago, whilst the automotive industry 
they support gets on with decarbonising. Retrofit 
of buildings is on the rise in some cities, but in most 
places it is still perceived as ‘second best’ to new-

builds. A handful of projects are trialling new 
materials for the first time, but these are few and 
far between. And across all of this, a lack of 
effective regulation increases cost and complexity 
when trying to design in a low-carbon manner.  

How do we change this? Is it enough to for just 
some of us to reduce carbon on just some of our 
projects? Will short-term economics remain the 
only hard line that cannot be crossed, with all other 
aspects of sustainability treated as secondary? And 
why are we focussing on carbon, when the rest of 
our ecosystem is breaking down too? 

This paper summarises the problem as we know it 
today; highlights the biggest and most impactful 
decisions that must be made on our projects now; 
and demonstrates how we must now move our 
north star away from simply doing a little less 
damage, and towards repairing and restoring the 
ecosystem that provides us with our only home. 
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Abstract 
‘Despite the overwhelming evidence that we are not doing enough, there is still substantial resistance to 
talking about the possibility of living in a world where we temporarily overshoot 1.5°C.’  

- Debra Roberts IPCC Co-Chair WGII AR6.

It is crucial for engineers to consider the implications of living in such a scenario, where common sense 
suggests that changes in critical natural systems may become irreversible and take urgent action to mitigate, 
respond and adapt to the threats posed by climate change.  

This paper reflects on the role of engineers in climate action. It frames the challenges and opportunities for 
the profession to drive action, presenting examples of what is being done by the global engineering 
community. It sets out what will be needed from engineers in terms of innovation and changing mindsets, as 
well as the required skills, training, and capacity building. Finally, it argues that engineers should be bolder, 
louder, and more visible in advocating for climate action. 

Keywords: climate action; engineering; resilience; adaptation; infrastructure; advocacy; capacity building. 

1 Introduction 

1.1 The urgent need and opportunity for 
resilience and adaptation to a changing 
climate   

In 2023, the estimated overall losses from disasters 
triggered by natural and climate-related hazards 
was a staggering $250 billion [1]. In addition to the 
damage losses, the economic shockwaves are far-
reaching, for example, losses in productivity as a 
result of broken supply chains and unquantifiable 
losses such as lost education and mental health 
impacts. While absolute economic losses are 
concentrated in high-income countries, the human 
cost of disasters falls overwhelmingly on low- and 
middle-income countries. 

Our built environment and supporting 
infrastructure systems are increasingly complex, 
interdependent, and reliant on sophisticated 

digital technology. These systems have become 
fragile due to fragmented governance and under-
investment and are now operating in an uncertain 
future. 

Embedding and enhancing resilience is becoming 
essential to better prepare for the threats we can 
anticipate and to respond to those we cannot 
predict or avoid. Resilience should be to all hazards, 
but climate change has become an area of urgent 
focus because it introduces greater levels of 
uncertainty and can exacerbate pre-existing 
hazards and risk drivers, substantially amplifying 
the negative consequences of disasters when they 
occur. 

Climate mitigation and decarbonisation efforts 
have taken up much of the conversation about 
climate to date. However, the IPCC AR6 Synthesis 
Report [2] conveys the urgency of implementing 
resilience and adaptation measures alongside 
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Abstract 
Cement used in structural concrete accounts for 60% of all cement. Thus, the amount of CO2 

emission by cement in structural concrete in a year is about 5% of the amount emitted by mankind. 
LCA of structural concrete should consider not only the materials at the product stage but also the 
maintenance phase at the use stage after construction. A rough indicator is presented to grasp the 
CO2 emissions of structural concrete. And low-carbon technologies currently in use is introduced. 
Then the need for multi-cycle structural concrete with a circular economy is presented. Moreover, 
it is estimated that CO2 emissions due to disasters in the use stage could be enormous. The carbon 
neutrality of structural concrete is not a risk but an opportunity for us. 

Keywords: carbon neutrality; LCA; multi-cycle; disaster; ESG investments. 

1 Introduction 
In 2020, with the world in the midst of a pandemic, 
more than 100 countries and regions declared 
themselves carbon neutral by 2050. At the same 
time, humanity experienced severe restrictions on 
activity due to the corona lockdown and saw a 3% 
drop in global GDP in 2020. But this was 
accompanied by only a 7% reduction in CO2 
emissions. In other words, we simultaneously 
recognised the difficulty of achieving net zero CO2 
emissions by 2050. Achieving carbon neutrality 
requires cost and technological innovation. 

Cement used in structural concrete accounts for 
60% of all cement [1]. Therefore, the amount of 
CO2 emitted by cement in structural concrete in a 
year is approximately 5% of the amount emitted by 
mankind. Concrete users will eventually have 
access to zero carbon materials, but it is not 
possible to wait until then. The supply chain is 

already demanding low carbon technologies that 
need to be addressed. 

Indeed, low carbon concrete has been developed 
and put into practice by various organisations. 
However, the Life Cycle Assessment (LCA) of 
structural concrete shows that CO2 is not only 
emitted during the production stage, but also 
during the use stage due to maintenance. 
Structural concrete, which is responsible for a large 
proportion of humanity's CO2 emissions, has the 
potential for innovation. And we must recognise 
that this is not a risk for us, but a great opportunity 
[2]. 

2 CO2 emissions in the supply chain 
of concrete structures 

Figure 1 shows the construction supply chain 
according to the European standard EN15978. 
Below this is the classification of the construction 
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In plain sight - Engineers, Engineering and Ethics 
Dervilla Mitchell FREng FIAE FICE FIEI 
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Contact: Dervilla.Mitchell@arup.com 

Abstract 
Engineering is everywhere and underpins so much of what we expect and need in our daily lives, 
yet engineers are not generally prominent in society and are perhaps not valued for the role they 
play.   

As Dervilla reaches the later stages of her career in Arup she is reflecting on what is it to be an 
Engineer, what is Engineering and how do we behave ethically than enables our profession (in the 
widest sense) to be valued and have a strong reputation in the public eye.   

She is considering the changing perceptions of engineers, with a particular focus on the changes she 
has seen during her career; whether they be the way we work, the tools we use or the diversity in 
our workplaces.   

She will highlight the challenges and opportunities we face and look in particular at some of the 
ethical dilemmas as we need to navigate in a world where climate change remains a challenge and 
increasing use of technology and data requires us to adapt and change at an ever-increasing pace.   

Keywords:  engineer, engineering, ethics, reputation, Arup 

1 Introduction 
Engineering is everywhere and underpins so much 
of what we expect and need in our daily lives, yet 
engineers are not generally prominent in society 
today and are perhaps not valued for the role they 
play.   

Engineering is defined as  

• the branch of science and technology
concerned with the design, building, and
use of engines, machines, and structures
and

• the action of working artfully to bring
something about.

This is perhaps a bit dry and based upon the 
engineers I know this definition does not capture 
the imaginative, creative and collaborative team 
players that I see working across our profession.    

The word engineering comes from the Latin word 
ingenium which I am informed means innate 
quality particularly in mental power, and that has 
largely been my experience of engineers. They are 
frequently both clever and creative shaping the 
world around them. They are sometimes visionary, 
but all have the power to turn ideas into reality.  

One of the most rewarding aspects of a career in 
Engineering is the breadth and variety of the role 
we can and do play. As Engineers we have the 
opportunity to deal with large scale challenges as 
well as looking at things in detail.   



 https://doi.org/10.2749/manchester.2024.0059
Distributed by 59

IABSE Symposium Manchester 2024 
Construction’s Role for a World in Emergency 

 

The effect of horizontal loads caused by rapidly rising river water on 
the bearing capacity of masonry arch bridges 

Philippe Van Bogaert, Hans De Backer 
Civil Engineering Department, Ghent University, Belgium 

Contact:philippe.vanbogaert@ugent.be 

Abstract 
Many masonry arch bridges have a culturally significant history, as well as aesthetic appeal, as the 
arch shape adds to a balanced appearance. Some of these arch bridges are crossing rivers, which 
have fast rising torrent water, especially after winter. The bridge piers are then exposed to 
horizontal loads from wave impact and debris. These loads can occur several times a year and are 
therefore not accidental. Numerical simulations of the case of Devil’s Bridge (Bulgaria) demonstrate 
that nonlinear FE-analysis, on the basis of Mohr-Coulomb’s law, is not entirely fit for this type of 
structure. Determining the shear strength, after cracking is inaccurate, because of the material’s 
brittle character. The torrent wave causes such kind of failure, whereas first the debris impact 
causes local damage, the latter fostering the failure. Therefore, maintenance of stones and joints of 
such bridges is of capital importance. 

Keywords: historic masonry arch bridge, river torrent load, debris, nonlinear FE-analysis, lateral load 
on bridge pier, shear in masonry. 

1 Introduction 
Arched masonry bridges are found in many 
countries of Western and Continental Europe. 
Some are dating from the Roman period. Most of 
these are considered as heritage structures and 
maintained through monumental care. However, 
the majority of masonry arched bridges date back 
from the 19th and early 20th century and are still 
serving well. Obviously, the construction methods 
implemented to build these bridges are outdated. 
Nevertheless, their history may be both culturally 
significant and have aesthetic value, since the arch 
shape appeals to the human soul and adds to a 
balanced appearance. 

Apart from those which are seriously degraded, the 
load-carrying capacity of masonry arch bridges is 
satisfactory. This would imply regular checking of 
the condition of these bridges, carrying out 

maintenance and verifying their strength and 
stability.  

A typical degradation of brickwork vaults consists 
of the spalling and subsequent failure of the 
intrados stone layer. This is mostly due to excessive 
vertical loads, combined with poor maintenance. 
However, resistance to vertical loads of masonry 
arch bridges seems to be controlled, verified and 
assessed adequately. Yet, apart from seismic 
effects and foundation’s equilibrium, less attention 
has been given to the resistance to horizontal 
loads. An important type of horizontal loads on the 
infrastructure of masonry arch bridges is the effect 
of impact of river water. 

One of the effects of climate change is river 
flooding, either by excessive rain or by melting of 
upstream ice from mountains. Such sudden 
torrents of small rivers happened in July 2021 in the 
Eastern part of Belgium and in the Eiffel region in 
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Abstract 
Innoshima Bridge, which was opened for traffic in 1983, is a three-span, two-hinged stiffening truss 
girder suspension bridge with a center span of 770 meters, featuring a double-deck structure with 
the upper level for motor vehicles and the lower level for bicycles and pedestrians. In response to 
large-scale earthquakes, the bridge is required to have the performance that limits seismic damage 
to a minimum and enables a swift rehabilitation of its functionality. The results of the seismic 
performance evaluation revealed damage to various members in the bridge. Therefore, it is decided 
to conduct seismic retrofit to the damaged members, such as installation of viscous dampers to 
reduce the seismic forces, addition and replacement of the structures around the wind tongues, and 
some other reinforcements. This paper presents a report on the seismic performance verification 
and retrofit design of Innoshima Bridge.  

Keywords: suspension bridge; double-deck structure; seismic performance verification; seismic 
retrofit design; viscous damper. 

1 Introduction 
Japan consists of four main islands and numerous 
surrounding islands. Two of the main islands, 
Honshu and Shikoku across Seto Inland Sea, are 
connected by Honshu-Shikoku Bridge Expressways, 
which consist of three routes, Kobe-Awaji-Naruto 
Expressway, Seto-Chuo Expressway and Nishi-Seto 
Expressway (Figure 1). Innoshima Bridge (spans: 
250 m + 770 m + 250 m = 1,270 m) (Figure 2), 
opened to traffic in 1983, is the first suspension 
bridge of the Honshu-Shikoku Bridges on the Nishi-
Seto Expressway, the westernmost route of 
Honshu-Shikoku Bridge Expressways. As shown in 
Figure 3, Innoshima Bridge is a 3-span, 2-hinged 
stiffening truss girder suspension bridge, featuring 
a double-deck structure (Figure 4) with the upper 
level for motor vehicles and the lower level for 
bicycles and pedestrians.  

Two tower links are installed on each main tower 
location (at the side and center span), and two end 
links are installed on each anchorage location. One 
wind shoe and one wind tongue are installed at 
each main tower location (at the side and center 
span) and each anchorage location. 

The seismic design of the bridge at the time of 
construction was based on the original seismic 
design code [1]. However, according to the latest 
findings, an inland near-field earthquake was not 
considered in this code, and there is a concern that 
a large-scale earthquake exceeding the original 
design seismic force would occur. In response to 
large-scale earthquakes, such as the anticipated 
Tonankai-Nankai earthquakes in the near future, 
the bridge is required to have the performance that 
limits seismic damage to a minimum and enables a 
swift rehabilitation of its functionality [2] as an 
important structure with no alternative route. 
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Global Trends in Bridge Collapse Incidents in 2023: an Analysis of 
Regional Patterns and Causative Factors  

Paul Mullins  
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Abstract 
Bridge collapses represent critical failures in infrastructure systems with significant implications for 
public safety, economic stability, and transportation networks. This paper presents an investigation 
into the occurrence of bridge collapse incidents worldwide during 2023. Drawing upon a dataset 
sourced from global news outlets, the study offers an analysis of regional trends and underlying 
causes, with a view to providing insights for design, construction, and maintenance practices. The 
study aggregates more than 170 incidents, enabling a reasonably detailed examination of the 
distribution of bridge collapses across different regions. The paper focuses on extracting statistical 
patterns and trends, revealing potential hotspots of collapse incidents that warrant further 
attention and preventive strategies. The findings underscore the urgency of adopting proactive 
measures to address structural vulnerabilities and systemic shortcomings, contributing to the 
overall resilience of transportation networks.    

Keywords: bridge collapse, causative factors, infrastructure safety, scour, bridge engineering 

1 Introduction 
Bridges are generally important pieces of 
infrastructure, whether they be major crossings 
spanning hundreds of metres or simple footbridges 
linking remote communities. However, as is well 
understood, they are not infallible. Bridges collapse 
for a variety of reasons and when they do can be 
considerably disruptive, not only in terms of the 
immediate effects on human life but they can often 
lead to environmental and economic damage to 
communities.  

This paper draws upon a dataset compiled from 
global news reports throughout 2023, sourced 
from various online portals. The dataset 
encompasses a total of 173 bridge collapses, 
spanning a spectrum of sizes and types, from 
simple pedestrian bridges linking communities in 

remote areas to substantial pieces of critical 
infrastructure. 

The paper looks at the data to extract statistical 
patterns and trends before looking to some actions 
that could be implemented to minimise future 
collapses. Climate change and structural health 
monitoring are also discussed in the paper. Case 
studies for collapses which garnered significant 
media attention during 2023 have also been 
included. 

2 Summary of the Data 

2.1 Data Collection 

The data for this study was collected through 
systematic monitoring of online news sources. This 
was set up to track and gather information on 
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Masonry arch bridges in the 21st century 
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Abstract 
Masonry arch bridges have proved to be resilient, long-lasting structures, and continue to form a 
crucial part of the railway and regional highway networks of the UK and many other countries. Given 
this, and the comparatively low embodied carbon associated with natural stone as a building 
material, the masonry arch form looks set to once again become attractive to designers. However, 
some aspects of their behaviour remain poorly understood. This can unfortunately lead to existing 
bridges being needlessly strengthened (or even demolished and replaced), or, alternatively, being 
subjected to loading regimes that cause long-term damage. In this contribution key elements of the 
recently published CIRIA C800 guidance on the assessment of masonry arch bridges are highlighted, 
including how the presented advice may in future be applied in the design of new bridges. 

Keywords: masonry; arch bridges; assessment; design. 

1 Introduction 
There are currently around one million masonry 
arch bridges in service around the world, with the 
majority being over a century old. These bridges 
are now carrying traffic that is significantly 
different to that anticipated by their builders. 
Masonry arch bridges incorporate one or more 
arched elements and have a wide range of 
construction details. Given the significant numbers 
of these bridges in use, it is crucial for bridge 
owners to manage them effectively, enabling them 
to direct limited maintenance budgets 
appropriately. A key aspect of this management 
involves gaining insights from periodic assessments 
of bridges. 

In the mid-20th century, the MEXE assessment 
method was developed to evaluate the load 
carrying capacity of masonry arch bridges [1]. This 
method sought to ascertain service load capacity 
and encompassed both calculation-based and 
observational components. However, due to issues 
with the underpinning assumptions, the 

calculation-based aspect of the method [2], the 
observational component has arguably proved 
more valuable, albeit it does not provide a 
predictive capability. Shortcomings of the MEXE 
method have led to a decline in its usage in recent 
years, with the current UK assessment code for 
highway bridges [1] now specifying that the MEXE 
method is unsuitable for bridges with spans less 
than 5m or greater than 18m. Instead, limit analysis 
methods (following Heyman [3]) have become 
more prevalent. These methods determine the 
Ultimate Limit State (ULS) load, with a safety factor 
often subsequently applied to establish a 
Serviceability Limit State (SLS) load, due to the 
absence of widely accepted SLS criteria for 
masonry arch bridges. 

Assessing a masonry arch bridge necessitates the 
availability of a competent engineer, who has 
access to effective assessment tools. However, two 
issues can adversely affect the accuracy of an 
assessment: 

• A significant number of assessment engineers
lack familiarity with masonry arch bridges and
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Construction and Testing of a CFRP-prestressed Railway Bridge 
Prototype 

Andreas Näsbom, Karel Thoma, Walter Kaufmann 
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Abstract 
This paper presents a new single-span railway bridge system, currently under development by the 
authors in cooperation with the Swiss Federal Railways and further partners, combining high-
performance concrete, stainless reinforcing steel and CFRP prestressing for maximum durability. A 
significant milestone in the project was the successful construction and testing of a 6,5 x 1,7 m2 
prototype consisting of four pretensioned longitudinal girders; each prestressed with 12 Ø8,2 mm 
sand-coated CFRP rods. The paper discusses selected aspects of the sustainability of the novel 
material combination and the construction of the prototype. Furthermore, the structural behaviour 
of the prototype is analysed, focusing on its response under shear forces. 

Keywords: sustainability; bridge engineering; precasting; CFRP-prestressing; pretensioning; 
stainless steel 

1 Introduction 

1.1 Motivation and Aim 
If replacing existing rail infrastructure becomes 
necessary, (i) fast construction, (ii) durability and 
(iii) the ecological footprint of the new structure
during its service life are critical. To advance in the
first of these key aspects – aiming at minimising
track closures to ensure efficient operation – the
authors are currently developing a system for
precast CFRP-prestressed concrete T-beam bridges
in the span range of 2–10 m. The project is carried
out in cooperation with several industrial and
research partners (see acknowledgements). The
basic concept is depicted in Figure 1 (a) and (b) [1,
2]. Together with non-corrosive and fatigue-
resistant sand-coated CFRP rods (pretensioned and
anchored via bond in the C80/95 high-performance
concrete), stainless reinforcing steel ensures high

durability and structural safety by providing 
sufficient deformation capacity. This study shows 
the construction and testing of a prototype of the 
proposed system.  

1.2 Sustainability 
In order to ensure that the system's benefits are 
not outweighed by a disproportionate 
environmental impact, a brief comparative life 
cycle analysis (LCA) between the proposed and an 
established design, looking only at the global 
warming potential (GWP), was conducted. The 
functional unit of the LCA is a bridge girder with 6 m 
span and 4,5 m width accommodating one railway 
track without edge girders. Both designs (see 
Figure 1 (b) and (c)) fulfil all serviceability, fatigue 
and ultimate limit state requirements; the 
prestressed system remains uncracked under 
service loads. The life cycle inventory [3] of both 
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Ethical challenges and greenwashing – challenges for structural 
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Abstract 
In the face of the climate emergency, but also threats to biodiversity, and with exploitation of limited 
resources posing serious threats, it is easy to resort to ‘greenwashing’, noting small changes which 
have been provided when large changes are needed to even meet current commitments.  However, 
many of the standard solutions to net zero, such as use of increased proportions of GGBS in 
concrete, are themselves constrained by limitations to availability of scarce resources. 

This paper gives the author’s personal response to these challenges, considering ways in which 
structural engineers can avoid just ‘greenwashing’, but instead aim to do good as well as just 
avoiding harm.  Engineers must have excellent professionalism and competence, and strong ethics. 

Keywords: Sustainability, climate, ethics 

1 Introduction and challenge 
Civil and structural engineering has a great 
potential to do good, but also to do harm.  Herbert 
Hoover, President of the United States, was an 
accomplished engineer and wrote the following in 
1954 (albeit in less inclusive language than today): 

‘The great liability of the engineer compared to 
men of other professions is that his works are out in 
the open where all can see them. His acts, step by 
step, are in hard substance. He cannot bury his 
mistakes in the grave like the doctors. He cannot 
argue them into thin air or blame the judge like the 
lawyers. He cannot, like the architects, cover his 
failures with trees and vines. He cannot, like the 
politicians, screen his shortcomings by blaming his 
opponents and hope that the people will forget. The 
engineer simply cannot deny that he did it. If his 
works do not work, he is damned. That is the 
phantasmagoria that haunts his nights and dogs his 
days. He comes from the job at the end of the day 
resolved to calculate it again. He wakes in the night 
in a cold sweat and puts something on paper that 
looks silly in the morning. All day he shivers at the 

thought of the bugs which will inevitably appear to 
jolt its smooth consummation. 

On the other hand, unlike the doctor, his is not a life 
among the weak. Unlike the soldier, destruction is 
not his purpose. Unlike the lawyer, quarrels are not 
his daily bread. To the engineer falls the job of 
clothing the bare bones of science with life, 
comfort, and hope. No doubt as years go by people 
forget which engineer did it, even if they ever knew. 
Or some politician puts his name on it. Or they 
credit it to some promoter who used other people’s 
money with which to finance it. But the engineer 
himself looks back at the unending stream of 
goodness which flows from his successes with 
satisfactions that few professions may know. And 
the verdict of his fellow professionals is all the 
accolade he wants.’   [1] 

This is quoted in full as he details the professional 
challenges faced so comprehensively, yet we now 
operate with far more awareness of climate and 
resource challenges, and visibility of how 
engineers’ activities have shaped the 70 years since 
this was written.  How should we respond? 
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Abstract 
Construction projects are facing an increase in requirements, making requirement management 
labour intense. Therefore, this research project explores possibilities to automate the requirement 
analysis in the bidding phase and link these requirements to verifications in the production phase. 
The first part of the research targets the requirement analysis and applies natural language 
processing techniques for automation possibilities. The second part of the research explores 
production data as a data-driven verification method and how the data can be used in knowledge 
feedback loops. The results show that applying natural language processing techniques for analysing 
construction project requirements is a possible step towards systematic requirements 
management. Furthermore, production data can be used as a knowledge base for quality 
improvement in construction companies. 

Keywords: requirements; NLP; verifications; production-data; knowledge. 

1 Introduction 
Construction projects are experiencing increased 
regulatory and client requirements due to the 
industry’s increased focus on sustainability [1]. 
Introducing new requirements can be challenging 
since the construction industry lacks systematic 
requirements management. The requirements 
found in tendering procurements in construction 
projects show problems such as openness to 

multiple interpretations, lack of relations between 
requirements, and requirements unnecessary 
prescribing design solutions [2]. There is also a lack 
of traceability and match with proper verifications 
and validation methods [3].  

Today, the methods for analysing requirements are 
mainly manual, resulting in requirement 
management quickly getting overwhelming. 
Consequently, the construction industry tends to 
trust craftsmanship and gut feeling rather than 
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Concretes 
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Abstract 
This paper deals with the design of concrete samples for the material testing of 3D-printable 
concrete mixtures. Due to the rapid advancements and increasing pilot projects in the field of 3D 
printing in construction, it is of great importance to develop standards and design principles that 
allow a comparison of different material compositions in cast and 3D-printed specimen forms. 
Starting from general theoretical background of concrete 3D printing and over all characteristics of 
concrete objects which are built up by multiple material layers, typical issues are identified. From 
theoretical correlations with the properties of the currently common 3D printing processes, an 
orthotropic material behaviour can be derived. 

Keywords: 3D concrete printing, test specimen, test setups, material testing 

1 Introduction 
Due to the increasing level of automation on 
construction sites, innovative construction 
methods are coming into focus. Additive 
manufacturing of concrete components in 
particular is gaining in importance. This technology 
enables the efficient production of concrete 
components without the use of elaborate 
formwork, which in turn can lead to material 
savings and thus to the responsible use of 
resources. Since various international research 
projects show that material efficient and therefore 
sustainable production of structural concrete 
components using additive manufacturing is 
possible, it is essential to elaborate standards and 
design principles allowing to compare different 
material admixtures in casted and 3D printed 
specimen shapes. 

For the additive manufacturing of concrete 
components, various processes can be employed, 
distinguished by their operating principles. These 
can be categorized into selective binding, extrusion 

methods, shotcrete processes, and slipform 
methods. Among these, extrusion methods 
represent the most well-known and extensively 
developed techniques in 3D printing. These are 
printing processes in which a pre-mixed material, 
such as a specially formulated concrete, is pumped 
through a controllable nozzle, the extruder, and 
pressed to form strands. 

Due to the manufacturing process, an additively 
manufactured test specimen cannot be assumed to 
have a homogeneous cross-section. In the multi-
layer extrusion process, individual strands of 
material are placed on top of each other in layers 
to create a three-dimensional object. Accordingly, 
joints or contact surfaces form between the 
individual layers, which are assumed to have a 
negative effect on the strength properties 
compared to a homogeneous body. In principle, a 
distinction can be made between two types of 
joints. On the one hand, there are horizontal 
contact areas between superimposed printing 
strands and, on the other hand, vertical contact 
areas between two adjacent printing strands. 



 https://doi.org/10.2749/manchester.2024.0124
Distributed by 124

IABSE Symposium Manchester 2024 
Construction’s Role for a World in Emergency 

 

Shifting the Density Discourse:  The Future of Soft Density 
Audrey-Frédérique Lavoie (MPA), Kely Galopoulou (MSc), Zehra Lara Tekbas (MSc) 
UCL Sustainability Lab, UCL School of Management, University College London (London, UK) 
Contact: audrey-frederique.lavoie.22@ucl.ac.uk  

Abstract 
This study by UCL Sustainability Lab, Mott MacDonald, and the ΙStructE explores the factors influencing 
the sustainability of the built environment in its urban ecosystem. The research extends beyond 
structural engineering to a holistic view of sustainable urban development. With more than half of the 
global population living in urban areas, effective sustainable urban densification strategies must be 
deployed to address multiple climate and housing challenges. This project aims to bridge disciplinary 
gaps in the built environment sector, identify characteristics of sustainable urban ecosystems, and 
establish a guide for integrating urban development with sustainability. Focusing on transportation, 
green spaces, and carbon emissions, the research suggests soft-density strategies as optimal, 
highlighting the necessity of a multidisciplinary, collaborative approach that avoids one-size-fits-all 
solutions. 

Keywords: urban development; high-rise buildings; carbon footprint; urban densification; 
transportation; sustainability; soft density. 

1 Introduction 
Today, 55 percent of the world’s population lives in 
urban areas, expected to reach 68 percent of a 
growing population approaching ten billion by 
2050 [1]. As cities grow, their expansion and 
complexity [2], especially in the context of climate 
change and the built environment accounting for 
more than 40 percent of global emissions [3], 
become critical with the sustainable 
implementation of urban density being the 
principal challenge. The question is not whether 
density is bad or good, but rather at what price and 
how. Planners and decision-makers need to focus 
on optimum density for each location while 
considering the impact on humans and the global 
environment [4]. Urban density has become a 
highly debated topic [5, 6] and exacerbated by the 
coronavirus pandemic due to social isolation, 
intensified by the lack of spaces in dense areas. 
Planners, developers, and politicians need to 
consider what higher density should look like and 
how it can be as sustainable possible to achieve our 
climate ambitions.  

1.1 Concepts 

Sustainable Built Environment Ecosystems 
Sustainability focuses on providing an 
environmentally friendly, cost-effective and just 
life without compromising future generations’ 
ability to fulfil their own needs [7, 8, 9, 10]. Al-
Kodmany‘s framework, the ‘3 Ps’ (people, profit, 
planet) was used in the bibliometric analysis, 
literature review and case studies [7]. It organises 
issues related to tall building development around 
sustainability, from structural systems and 
materials to in-outdoor spaces relationships and 
urban ecosystem integration. 

Density 
Urban density could be defined as the population-
to-area ratio. The OECD considers high urban 
density as over 1,500 inhabitants per km2 [11]. In 
the United Kingdom, density is often measured 
differently by dwellings per hectare. While the UK 
is the third most densely populated in Europe, it 
has fewer people per dwelling (2.3) compared with 
the rest of Europe (e.g., Spain 3; Ireland 2.9). 
Density does not just imply the urban form; in some 
cases, high-density developments were used to 
support tall buildings proposals representing only 
one possible high-density model. While tall 
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Abstract 
Capital and whole life carbon emissions; circularity, waste and reuse; useful lifespan; net zero and 
other sustainability issues are often assessed independently. However, there is a significant 
interaction between these sustainability issues. In this paper the interactions are highlighted and 
good and poor strategies to combining them are outlined. Examples from published sources are 
used to illustrate the interactions and strategies. The paper is based on recent research by the 
author and others in industry and academia. The carbon-circularity- life interaction is primarily 
focused on bridges and transportation infrastructure. The paper highlights the key differences 
between infrastructure and building structures, on which much of the current circularity, waste and 
reuse considerations are aimed. 

Keywords: Carbon emissions; circularity; life span. 

1 Introduction 
Capital and whole life carbon emissions; circularity, 
waste, reuse; useful lifespan; net zero and other 
sustainability issues are often assessed 
independently. However, there is a significant 
interaction between these sustainability issues. In 
this paper the interactions are highlighted and 
good and poor strategies to combining them are 
outlined. 

1.1 Definitions 

The term carbon is used in this paper as a 
shorthand for the carbon dioxide equivalent of all 
greenhouse gases (the global warming potential) 
measured in tonnes (tCO2e). The term capital 
carbon [1,2] is the combined carbon emissions at 
product and construction stage associated with the 
creation of the asset, it accords with life cycle stage 
A using EN 15978 [3]. Operational Carbon is the 
emissions associated with the operation and 

maintenance of the asset (EN 15978 stage B) Whole 
life carbon combines both capital and operational 
carbon together with any end-of-life carbon (EN 
15978 stages C, D). Circularity is where, assets and 
materials are kept in circulation through repair, 
maintenance, reuse, refurbishment and recycling 
for as long as possible. 

2 Carbon Footprint 
To limit carbon emissions and then reduce them we 
need to understand where and how much we use 
now.  

2.1 Capital Carbon 

Estimates of the carbon footprints of infrastructure 
[1] bridges [2,4,5] and buildings [6] are well
documented. In Figure 1 below, the total capital
carbon of transport infrastructure is plotted versus
the total asset length (data plotted on log-log axis
to allow the full range of the data to be viewed).
The trend shows an increased carbon with asset
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Abstract 
The current article would summarize the activities related with the inspection and retrofitting of a bridge 
between Bulgaria and Romania across the Danube river, which connects the cities of Ruse (Bulgaria) and 
Giurgui (Romania). 

The structure is built in the period 1952 - 1954. The main part of the bridge is a steel double deck truss with 
160m and 80m spans and it combines 2 types of transport - road and railway traffic. There is a moving part 
of the superstructure which could be lifted when there is a high-water level, and the ships has to pass. The 
approaches part consists of steel 2T beams united with reinforced concrete prefab elements. The foundation 
type used for that structure is caissons. The total length of the bridge is approximately 2,2km. There is a 
combination of issues which compromise the road deck - heavy and intense traffic, poor maintenance, sultry 
weather conditions and that leads to the need of repair and rehabilitation of the bridge. Some challenges 
and new approaches would be described in the following paper. 

Keywords: Bridge retrofitting, Inspection methods, Digital twin. 

1 Introduction 
The Danube Bridge also known as the “Friendship 
Bridge” is a steel bridge over the Danube River 
connecting the Bulgarian bank to the south with 
the Romanian bank to the north and the cities of 
Ruse and Giurgiu respectively. It is one of only two 
bridges connecting Romania and Bulgaria, the 
other one being the “New Europe Bridge” between 
the cities of Vidin and Calafat Figure 1. 

Figure 1. Location of the bridge 

The bridge was built according to a Soviet project 
and was put into exploitation in 1954. Since the fall 
of the communist regimes in both countries, the 
bridge got the more functional name of “Danube 
bridge”. The structure is a double deck steel truss – 
upper level for road traffic and pedestrians and 
lower level with a one-track railway line. The 
central part of the bridge is mobile and can be lifted 
for oversized boats passage.  
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Abstract 
Sustained excessive deflection is a widespread problem of long-span prestressed concrete box 
girder bridges. Meanwhile, various cracks are widely present in such bridges. However, some cracks 
are not interpretable according to traditional beam element model. In this paper, a refined finite 
element model called the spatial lattice grid model (SLGM), developed by the authors, which fully 
considers the three-dimensional effects of the box girder, is used to conduct a comprehensive 
analysis of the cracking causes of a long-span bridge having detailed inspection data. The analysis 
includes cracks that cannot be accurately or even cannot be explained by traditional beam element 
model. For this research, a unified identification and explanation of all structural cracks discovered 
during bridge inspection is achieved only using one model. The methodology presented in this paper 
will lay the foundation for subsequent research on the sustained excessive deflection problem. 

Keywords: Concrete box girder bridge; Excessive deflection; Crack identification; Spatial lattice grid 
model. 

1 Introduction 
Due to excellent mechanical properties and 
economic efficiency, long-span prestressed 
concrete box girder bridges are widely used in 
bridges with spans ranging from 100 to 300 meters. 
However, the sustained excessive deflection 
phenomenon is the main problem faced by such 
bridges. A typical case is the Koror-Babeldaob 
Bridge [1] located in the Republic of Palau, which 
has a 240m main span and experienced 1.54m of 
deflection during the 18-year period from 1978 to 
1996 and collapsed after only 3 months of 
strengthening.  In recent years, due to the lag in 

construction time, China has also begun to 
encounter many similar deflection problems [2-4]. 
Unfortunately, despite the numerous research 
efforts [5-8] that have been made on this issue, no 
definitive conclusions have yet been reached. 

A noteworthy observation is that cracking issues 
often coincide with excessive deflection in bridges, 
and the forms of cracks exhibit a diverse range. The 
impact of cracking on structural performance 
encompasses two main aspects: 1) diminishing 
structural stiffness, including flexural and shear 
stiffness; 2) compromising the structural durability, 
leading to material degradation. This can result in 
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Abstract 
In this paper, the case study of a railway bridge in Antwerp, Belgium will be performed. This bridge 
is constructed using precambered steel-concrete girders, also known as preflex beams. This was the 
standard solution for railway bridges at the time of construction, namely the end of the 1960s. 
Nowadays, bridges of this kind have been in use for more than fifty years and suffer different types 
of deterioration. For some bridges, longitudinal cracks have been found along the length of the 
precambered girders, which is also the case for the bridge considered here. To be able to get a better 
understanding of the state of the bridge using modern guidelines, a detailed 3D finite element 
model will be made, based on the original design notes dating from the 1960s. With this model, the 
compliance of the bridge with current guidelines, namely the Eurocode, will be verified. 
Furthermore, the results will be compared with reality since a detailed site investigation and 
inspection of the bridge have been carried out. The extremely deteriorated state of the bridge is 
discussed in detail. 

Keywords: existing bridge, concrete beams, preflex, deterioration, monitoring, inspection. 

1 Introduction 
In Belgium, the standard solution for railway 
bridges consists of precambered steel-concrete 
girders, also known as preflex beams. Many of 
these bridges have been in use for more than fifty 
years and suffer different types of deterioration. 
For some railway bridges, longitudinal cracks have 
been found along the length of the precambered 
girders. Due to the high number of such bridges 
and the large impact on overall mobility of the 
retrofitting of such infrastructure, a better 
understanding of their state using modern 
guidelines is needed.  

The case study of a railway bridge constructed in 
1969 crossing the ringway around Antwerp will be 
used to conduct this research. In recent years, the 
state of the bridge has deteriorated, leading to 

cracks and crumbling concrete in several places. 
The beginning of the deterioration is not known, 
but it started between 5 and 15 years ago. Several 
inspections have taken place which show that the 
most damage occurs in bridge decks B and C. In 
2022, an engineering firm specializing in research 
and consulting related to existing concrete 
structures, SANACON, performed an exploratory 
concrete investigation on the preflex beams of the 
bridge [1]. The conclusion of this investigation was 
that the crack formation could not be linked to 
durability issues but must be linked to a structural 
deficiency.  

In the following of this master’s dissertation, bridge 
deck C will be discussed further, and the cause of 
the cracks will be investigated. A detailed 3D finite 
element model will be made, based on the original 
design notes dating from the 1960s. With this 
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Movements 
Thomas Wood, Christos Mitsarakis, Stuart Moore 
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Abstract 
As part of the HS2 Phase One project, geotechnical and structural assessments were performed by 
Balfour Beatty VINCI and their designers Mott MacDonald – Systra DJV in engagement with National 
Highways to demonstrate that the existing M6 Bromford Viaduct can withstand the effects of 
ground movement from the HS2 Bromford Tunnel. Initially, a linear elastic analysis indicated the 
need for extensive strengthening. After an in-situ concrete compressive strength testing scheme, a 
refined assessment was performed employing advanced non-linear analysis and structural 
verifications, including consideration of progressive development of cracking, non-linear soil 
structure interaction, and a hybrid methodology for assessing the capacity of reinforced concrete 
pile caps. This paper discusses how the refined assessment methodology exploited the existing 
structure’s available capacity reserves and eliminated the need for extensive strengthening works. 

Keywords: Structural assessment; reinforced concrete; non-linear analysis; settlement; pile caps; 
concrete cracking; bridge strengthening 

1 Introduction 

1.1 Background 

As part of the HS2 Phase One project, Balfour 
Beatty VINCI and their designers, Mott MacDonald 
– Systra DJV, were instructed by HS2 to perform a
Phase 3 Potential Impact Assessment (PIA) of the
National Highway’s (NH) M6 Bromford Viaduct. The
purpose of this assessment was to assess the
effects of ground movements on the viaduct due to 
the construction of the proposed twin-bore HS2
Bromford Tunnel, which crosses under the viaduct
at skew as it approaches Birmingham.

The geotechnical assessment estimated the ground 
movements resulting from the completion of the 
first and second tunnel bores. Following an 
optimisation of the tunnel alignment and 
application of modern tunnelling techniques, the 
maximum greenfield foundation settlements were 
estimated to range between zero and 14mm. 
Preliminary analysis concluded that settlements 

less than 5mm had negligible effects on the viaduct 
and therefore further structural assessment was 
required only for settlements between 5mm and 
14mm. The portion of the viaduct experiencing this 
range of settlements comprised of 34 piers along a 
length of approximately 550m, which is hereinafter 
referred to as the zone of influence (ZOI). 

1.2 Description of structure 

M6 Bromford Viaduct is a 4.4km long bridge 
constructed circa 1968-1972 with the typical span 
(between expansion joints) of 15,164m within the 
ZOI. The steel-concrete composite superstructure 
comprises longitudinal universal steel girders with 
an in-situ reinforced concrete deck slab. The 
longitudinal steel girders are simply supported on 
sliding steel bearings, which are supported on 
reinforced concrete piers (bents) comprised of a 
reinforced concrete crossbeam supported on two, 
three or four reinforced concrete columns. As the  
bearings are ‘free sliding’, the longitudinal and 
transverse restraint of the deck is achieved by the 
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Abstract 
The collapse of one of the supports of the central section of the bridge compromised the overall stability of 
the deck, leading to the immediate shutdown of its operation on January 16, 2022. Therefore, the occurrence 
of the collapse of the AP4 support after 37 years of operation led to the immediate isolation of the population 
of Outeiro Island, which today has 80,000 inhabitants, who use the bridge daily, with a volume of motor 
vehicles in the order of 4,500 per day. Therefore, as a premise, both the emergency strengthening and 
retrofitting of the Outeiro I Bridge were carried out with the partial operation. Considered an urban bridge 
over the Maguary Canal where there are large shipyards and docking ports for barges convoy that transit on 
the Belém-Manaus waterway route, the solution considered the duplication of the navigation channel with 
the construction of the cable-stayed bridge on the central section, making it safe for both heavy vehicle traffic 
and navigation with 2 navigation channels with a width of 80m and 100m and 12m height. 

Keywords: Evaluation of the collapse structure emergency strengthening and retrofitting project of the 
damaged superstructure with revitalization of the Outeiro Bridge 1. 

1 Introduction 
The Outeiro I Bridge was the first fixed crossing 
between the mainland and the island of Caratateua 
(Outeiro), built in a steel girder the Maguary Canal 
with 360m in length and 11,40m width, in 1986, 
with 37 years of operation, in the Metropolitan 
Region of Belém, Pará, Brazil. The population of 
Outeiro Island has grown over the 37 years, 
reaching today 80.000 inhabitants, who depend on 
the bridge daily, leading to a volume of motor 
vehicles in the order of 4.500 per day, in addition 
to motorcycles, bicycles and pedestrians. 

The Outeiro I Bridge is, therefore, an urban bridge 
and crosses the Maguary Canal to access the 
industrial area of Belém, where there are large 
shipyards and ports for convoys of barges that 
transit the Belém-Manaus waterway route, with 
typical barges of 18,0m wide (beam) by 90,0m long 
coupled to pushers of up to 15,0m in length. 

The state of emergency was installed on the 
morning of January 17, 2022, when the collapse of 
one of the supports of the central section of the 
180,0m long bridge occurred. The collapse of the 
AP4 support was due to the frequent impacts of 
barges transiting the Maguary Canal, leading to the 
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Abstract 
In this paper, a train-bridge interaction model is presented to simulate the behaviour of a bridge during the 
passage of a train. Two modelling methods are compared: the direct integration method (DIM) and the 
intersystem iteration method (ISIM). First, a simply supported bridge subjected to a moving spring-mass is 
modelled using both methods and validated with an analytical solution. Subsequently, incorporating 
damping into the model adds an extra layer of complexity, rendering the search for analytical solutions 
unfeasible. The validation of the more complex models is accomplished by comparing them to similar 
simulations documented in the existing literature. The focus lies on finding an efficient model that could be 
used by engineers to assess the structural condition of railway bridges. The dynamic interaction model gives 
a more accurate prediction of the behaviour of the bridge under the passage of the train than including the 
dynamic amplification factor (DAF) in the static calculation. 

Keywords: wheel-rail interaction, direct integration method, intersystem iteration method. 

1 Introduction 
The European project ’Sustainable bridges’ [1] 
highlighted how sustainability is becoming more 
important in the (re)construction of railway 
bridges. The goal is to have a modal shift in the use 
of transport and stimulate people to prefer public 
transport or the bicycle instead of the car. 
Therefore, public transport options must become 
more attractive. Especially for rail transport, the 
capacity and the number of trains should be 
increased. The focus of the European project lies on 
Railway bridges wherefore it is not directly possible 
to enlarge the railway network, so the quantity of 
train passages will be enlarged. By increasing the 
capacity of the trains, the axle loads will become 
larger and result in a shorter end-of-life span of the 
railway bridges. To guarantee the safety of the 
design, measurements and safe life predictions of 
the railway bridges must be performed. To reduce 
the uncertainty on fatigue life predictions, more 
accurate structural assessments are required. 

Typical evaluations are based on quasi-static stress 
calculations enlarged with a dynamic amplification 
factor. With this method stresses due to local 
dynamic modes are ignored resulting in 
underestimation of the stress or in other cases the 
DAF is overly conservative. Hence stress 
calculations that account for the actual structural 
dynamics would lead to more accurate fatigue life 
estimates. 

2 Importance of a dynamic 
interaction model 

The research of dynamic wheel-rail interaction 
models dates back to 1949 when Willis and Stokes 
[2] perform real experiments of a moving mass
over a simply supported beam. In their study, they
compared the vertical deflection at midspan of the
beam, for various velocities 𝑉𝑉 of the mass, with the
vertical deflection caused by a beam loaded with a
static point load the midspan. Figure 1 illustrates
the vertical deflection at midspan observed in the
experiment.
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Abstract 
The accelerated growth of urban areas in the last decades has led to an unprecedented increase in 
the construction of wind-sensitive structures, e.g., long-span bridges, tall buildings, wind turbines, 
and solar trackers. To effectively control undesired wind- and earthquake-induced responses, a 
plethora of operational technology and cyber-physical systems have been introduced, including 
supervisory control and data acquisition systems, programmable logic controllers, and remote 
terminal units. All these systems are potential targets for cyberattacks and have already been 
attacked in other sectors, including energy, industry, education, and health. This study analyzes this 
threat to critical infrastructure, quantifies its potential damage, and develops possible 
countermeasures and cyber-defenses so the structural engineering community can effectively 
address this emerging challenge.   

Keywords: Cybersecurity; Smart structures; Active structural control; Wind-induced responses; Operational 
technology; Cyber-physical systems; Cyber-secure aero-structural design. 

1 Introduction 
Controlling wind- and earthquake-induced 
responses is a challenging and fundamental step in 
designing structures sensitive to natural hazards, 
such as tall buildings, long-span bridges, wind 
turbines, and solar trackers. Design modifications 
and countermeasures, such as shape, stiffness, and 
mass tailoring, as well as passive control devices, 
such as dampers, have been shown to be effective 
in the past. However, more demanding design 
scenarios involving ambitious contemporary 
designs and climate adaptation require adopting 
further actions. As a result, smart structures 
equipped with active and semi-active mass 
dampers, flaps, dynamic facades, suction and jet 

systems, and active tendons and bracing systems 
are gaining momentum to counteract potentially 
disastrous earthquake or wind actions adequately 
[1]. As shown in Figure 1, these active devices are 
part of more complex systems involving 
Operational Technology (OT) and Cyber-Physical 
Systems (CPS), which include Industrial Control 
Systems (ICS) that are composed of Supervisory 
Control and Data Acquisition systems (SCADA), 
Programmable Logic Controllers (PCLs), and 
Remote Terminal Units (RTU). All these systems are 
under the threat of cyberattacks, as has already 
happened in other sectors, such as energy [2], 
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the web’s longitudinal axis. This 
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Abstract 
The economic growth being seen in Southeast Asia is driving a significant investment in 
infrastructure, particularly in the major cities of the region.  Constructing elevated highways and 
railways in an already congested urban environment requires innovative solutions, adopting 
prefabricated modular construction techniques to form curved/longer span bridges and viaducts. 

The form of these bridges challenges the engineer, but the adoption of computational design 
techniques has granted the designer a key tool which permits agility in determining the arrangement 
while simplifying the approach to optimisation. 

Computational design and prefabrication are closely aligned with the drive for sustainability in 
construction.  Large sections of the bridges are fabricated in a factory or workshop based on the 
same 3-D model prepared for delivery of the design.  The efficient use of materials and resources 
becomes intrinsic to the design process in finding the most suitable form and geometry.  The 
manufacturing process leads to less site-based plant and a smaller workforce, working in a safer 
environment. 

Keywords: computational design, prefabrication, sustainable solutions. 

1 Introduction 
Infrastructure in Southeast Asia continues to grow 
at a rapid rate.  Urbanisation and the need for rail 
and road links between major cities together with 
increasing congestion within these cities, are 
driving the need for major viaducts and longer span 
bridges across the region. 

Viaducts have traditionally been constructed using 
precast beams with the deck being cast in situ.  This 
form of construction works well in a rural 
environment where viaduct is straight, and the 
large beams can be handled and placed without 
impacting the local residents.  In a congested city, 
the alignment is likely to be curved and the 
handling of long bridge beams far more 
challenging.  Consequently, alternative approaches 
using segments rather than beams have been 
adopted, but this change comes with challenges as 

a segmental bridge requires different skill sets for 
both the designer and the contractor. 

With there being more river crossings and sea 
crossings for new road and rail links, the need for 
long span bridges has risen significantly in 
Southeast Asia, with clients frequently requiring 
“landmark” structures that form a focal point to 
developments and infrastructure schemes.  The 
complexity of such structures has to be addressed 
by the designer, who needs to satisfy the client 
with an elegant and aesthetically interesting 
bridge, while also meeting the demand for 
structural efficiency. 

Computational design provides the designer with 
the tools to review a number of options in a small 
period of time and to quickly develop an optimised 
solution for both viaducts and long span bridges.  It 
also provides the design engineer with the agility to 
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The New Pooley Bridge – Reconnecting a Community 
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Abstract 
The new stainless steel arch bridge for Pooley Bridge replaces a 250-year-old historic structure in a 
UNESCO World Heritage Site lost to flooding in 2015. The designers balanced key project constraints 
and community desires through the design process including an extensive public stakeholder 
engagement process. Resilience, durability, transparency in the landscape and speed of 
construction were all raised as critical, and the resulting design balances these aspects with an 
efficient and novel design that achieves a good balance of carbon cost to value. 

Keywords: Resilience; stainless steel; arch; replacement bridge; community engagement; design for 
climate change. 

1 Introduction 
The village of Pooley Bridge is the north-eastern 
gate into the Lake District National Park, a 
UNESCO World Heritage Site with a uniquely 
beautiful landscape in north-west England. The 
village provided a crossing over the River Eamont 
for more than 250 years through a Grade-II listed 
3-span stone arch bridge, built in 1764, which
served as a critical link in the daily life of the area.
The historic Pooley Bridge was not only important
as a functional structure but was also a source of
identity and pride for the community of Pooley
Bridge – which owes its name to the river crossing.

In December 2015, Storm Desmond brought a 1 in 
435-year flood, causing significant damage to the
area and leading to scour beneath the river piers
and to the ultimate collapse of the entire structure.
This was a devastating loss to the community and
their sense of identity. The shock after its abrupt
removal was partially relieved by the installation of
a temporary bridge three months later to avoid a
16km detour. However, it did not address the

extraordinary context, and its ongoing presence 
was also a daily reminder of loss and vulnerability.  

Figure 1. The Historic Pooley Bridge before it was 
washed away during the flooding in 2015 

2 Design Process 

2.1 The challenge 

Following a tender, bridge specialists Knight 
Architects, in collaboration with Mott MacDonald, 
were appointed by Cumbria County Council (CCC) 
in mid-2017 for the concept design of a new bridge 
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Abstract 
This study reports the nonlinear aerostatic stability studies carried out for a suspension 
footbridge with a curved deck spanning 275 meters over the Miño River between Spain and 
Portugal. The footbridge's aerostatic performance is controlled by its highly aesthetic but 
complex three-dimensional configuration, the high slenderness of the deck, the construction 
process, and the aerodynamic characteristics of the triangular 4.5-meter-wide bluff deck cross-
section, which demands a detailed aerodynamic study. The analysis is conducted using a 
nonlinear modal-based method recently developed by the authors. The deck's rotation is driven 
not only by the aerodynamic moment-induced rotation but also by the drag-induced rotation 
due to the configuration of the cable supporting system and, very significantly, by the lift-
induced rotation due to the deck's curvature. 

Keywords: footbridges; curved decks; suspension bridges; aerostatic stability; wind tunnel; dynamic 
analysis; root-finding algorithms; lift-induced rotation 

1 Introduction 
Curved footbridges are a very popular design 
alternative given their remarkable aesthetic 
attributes and its efficient structural 
performance. Notable examples are the 
Gateshead Millennium Bridge, Gateshead, UK, 
with 126 meters of main span, the Ponte de 
Mare, Pescara, Italy, which spans 172 m, and the 
Puente de Santa María de Benquerencia, 
Toledo, Castilla-La Mancha, Spain, 2011, 
spanning 170 m. However, the increasing span 
lengths adopted in contemporary projects turns 

wind-resistant analysis an important part of 
their design. 

This study reports the nonlinear aerostatic 
stability studies carried out for a footbridge 
linking Goián-Tomiño (Pontevedra), Spain, with 
Vila Nova de Cerveira (Minho), Portugal. This 
suspension footbridge designed for pedestrians 
and cyclists spans 275 meters over the Miño 
River. Two pylons support the three-dimensional 
curved main cable of the suspension system that 
sustains the curved deck, as shown in the 
visualizations presented in Figure 1. The 
footbridge's aerostatic performance is 
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Abstract 
Long-span prestressed concrete (PC) bridges tend to have larger deflection than code-based 
estimation after several years of operation. Even though creep is usually blamed as one of the most 
influential time-dependent factors, most current creep models do not give sufficient attention to 
nonlinear creep behaviour due to higher compressive working stress. In this study, a nonlinear creep 
model characterized by a stress-sensitive amplification factor is proposed based on experimental 
data from literature. The model is embedded into the rate-type formula using several user 
subroutines in Abaqus. Furthermore, a computational framework is established which involves the 
intertwined effects of concrete creep, shrinkage, and the influence of steel strands relaxation. 
Finally, a long-span rigid frame box girder bridge is analysed resulting in a good estimation with the 
in-situ measurement in terms of the long-term deflection. 

Keywords: Prestressed concrete bridge; Time-dependent behaviour; Balanced cantilever method; 
Nonlinear creep; Relaxation; Prestressing loss 

1 Introduction 
Long-span PC bridge structures often encounter 
the common challenge of gradual and 
disproportionate vertical deformation [1], 
particularly those built using the method of 
balanced cantilever construction in segments, for 
instance the KB bridge in Palau that the deflection 
of midspan reached 1.61 m and collapsed after 
serving 19 years [2]. Multiple potential factors 
contribute to the interpretation of the causes of 
the bridge structural degradation, such as 
underestimated concrete creep and shrinkage 
strain [3], accelerated relaxation of prestressing 
strands due to seasonal temperature variations [4], 
as well as the destructive impacts of heavy traffic 
loads [5]. However, creep has potentially harmful 
effect on the structural behaviour, durability, and 
operational characteristics of concrete 
infrastructure [6]. Notably, once the magnitude of 
enduring stresses exceeds the linear threshold, 
creep deformation exhibits a nonlinear response in 
relation to stress intensity, obviously exceeding the 

predictions generated by a linear viscoelastic 
model [3]. In view of this, a nonlinear creep 
calculation model must be established to analyze 
the creep effect accurately. 

In the last decade, numerous researchers have 
addressed the evaluation of nonlinear creep 
behaviour of concrete. For example, Bažant et al. 
[7] introduced a nonlinear creep function by
modifying the creep rate based on current stress
level. Hamed [3] studied nonlinear creep effects in
concrete under different uniaxial compressive
stress with four series of specimens, and compared
several nonlinear creep calculation models with
the test data, it appeared that the models were
conservative. Dummer et al. [8] extended the
damage-plasticity model to describe the nonlinear
time-dependent behaviour of concrete. To account
for the nonlinear creep effect in the design and
analysis of structures, using the creep coefficient or
compliance function dependent on the
amplification factor with the stress magnitude is a
practical and effective method [9]. Some widely
used models for calculating the nonlinear creep
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Abstract 
This paper presents the design and construction for the new road-over-rail bridge in Dabrowa, Poland. 
The bridge is a replacement to the existing structure which significantly deteriorated over the years since the 
1960s when it was built. Before the decision was taken to replace the existing bridge, a comprehensive study 
had been undertaken to investigate the possibilities of refurbishing the existing structure in order to minimise 
the CO2 and environmental impact of the project. Ultimately, a decision was made to replace the bridge, 
driven by the functional constraints related to the very low vertical clearance, which would significantly 
restrain any future enhancements to the railway line forming a part of the Trans-European Transport 
Network (TEN-T). The paper discusses non-conventional technical solutions that were applied to the design 
and construction of the bridge. 

Keywords: arch bridge, plate hangers, BIM tools, TEN-T railway network, temp. railway shielding structure. 

1 Introduction 
The paper discusses the design process as well as 
construction of the new road-over-rail bridge along 
the National Road no. 46 in Dabrowa in Poland, 
crossing over one of the main railway lines 
in the country. In particular, certain non-
conventional technical solutions and aspects of the 
design adopted to improve the longevity and 
resilience of the bridge, are presented, including:  

• the structural arrangement consisting of stiff
steel box girders strengthened with flexible
arches and equipped with flat-plate hangers
with rigid connections in order to counteract
the out-of-plane buckling of the arches;

• the use of weathering steel in locations with
difficult access, such as underside of the deck
in order to simplify the future maintenance in
the vicinity of the railway overhead lines, in the
spirit of reducing the life-cycle costs;

• the use of the temporary shielding structure
protecting the railway line and infrastructure,
in order to minimise the impact of the
construction on the railway traffic, to minimise
the need for the rail closures and possessions
and hence, to reduce the social costs of the
project;

• the use of the three-dimensional BIM-based
models and tools in the detailed design and
construction to simplify the handling of the
complex geometry in design, to simplify the
fabrication and to allow for efficient changes in
construction.

The bridge crosses over a double-track electrified 
railway line no. 132 between Bytom and Wroclaw 
in Poland, in km 111+736 of the line forming a part 
of the Third Trans-European Corridor within 
the TEN-T Rail Network. The structure is located 
on a stretch of the national road network with 
a high intensity of average daily traffic (ADT) 
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Abstract 
The remaining life of steel bridges is often governed by fatigue cracking in the orthotropic steel deck 
(OSD). Since the design and construction of many of the steel bridges in Europe’s motorway system, 
the number and weight of the trucks they must carry has significantly increased. This has led to 
many bridges being deemed understrength, compared to contemporary design guidance, and 
experiencing local fatigue damage. This is a problem facing the Dutch national bridge authority, 
Rijkswaterstaat (RWS), and many other governments globally as decades old steel bridges need 
renewing, strengthening or sometimes, in the case of OSD, an inspection and repair program.  

Rotterdam’s Van Brienenoord bridge [1] is the busiest in the Netherlands, and renewing the twin-
tied arch bridge requires a newly designed OSD. The key challenges were to sustainably extend the 
life of the bridge to its 100-year design life whilst minimising hindrance to traffic and maintaining 
the aesthetic of what is a national icon. Given the extreme sensitivity of fatigue calculations to stress 
magnitude, the aim of the work was to develop a state-of-the-art accurate method for predicting 
the design, or remaining, life of OSD. Traditional methods tend to underestimate fatigue demand. 

Keywords: sustainable design; steel bridges; local fatigue; orthotropic steel deck; renovation; 100-
year life. 

1 Introduction 
The design of a new OSD for Van Brienenoord 
Bridge (VBB), see Figure 1, used state-of-the-art 
fatigue calculations developed by Arup over the 
past 15 years with input from RWS and TNO 
(Toegepast Natuurwetenschappelijk Onderzoek). 
Over this time Arup have assessed and renovated 
several bridges, developing an in-depth knowledge 
of a range deck types and configurations.  

The aim of the work was to develop an 
accurate method for predicting either the 
remaining or design life of OSD. Traditional 
methods tend to underestimate fatigue 
demand as they fail to capture all the local 
effects that contribute to the build-up of stress 
in the weld. Hence, one of the main aspects of 
the modern approach to local fatigue assessments 
is the detailed finite element (FE) model with hot-
spot stress extraction. Fatigue calculations are 
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Abstract 
Climate change is triggering hazard events more frequently and the costs of the consequences on 
the built environment are higher. This induced the advent of resilience-based engineering. More 
recently adaptive pathways (APs) were presented to allow adaptive management as well as dynamic 
and flexible decision-making. APs allow, specifically in climate change contexts, the consideration of 
stressors that occur incrementally or cumulatively and amplified hazard scenarios. Thus, an AP 
framework enhanced with emerging technologies is proposed for critical infrastructure. It benefits 
from the resilience and sustainability of emerging technologies throughout the lifetimes of critical 
infrastructure. This advanced AP framework is supported by continuous assessment of the 
infrastructure performance, continuous monitoring, and implementation of mitigation measures if 
needed. The Hollandse Bridge case study is offered to demonstrate the framework. 

Keywords: adaptive pathways; critical infrastructure; resilience; sustainability; monitoring. 

1 Introduction 
Critical infrastructure (CI), specifically 
transportation infrastructures and assets are 
suffering from excessive use and aging due to 
population and urbanization growth, product 
transportation, and frequent natural disasters 
aggravated by climate change (e.g., extreme 
temperatures and storms). Frequent natural 
hazards resulted in aggravated impacts on 
infrastructure, communities, and the environment. 
Maintaining the optimal CI functionality became a 

substantial challenge (1). Therefore, there is a 
crucial need to strengthen CI and improve its 
management strategies.  

Climate change induces daily stresses that 
accumulate over time and amplify hazard 
scenarios. Thus to preserve the CI functionality, 
disaster-mitigation strategies have shifted their 
focus from disaster response to preparedness and 
prevention ((2), (3)).  

To address this, in the last decade adaptive 
pathways (APs) were proposed as a dynamic and 
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The Transpennine Route Upgrade & Project West 3 
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Abstract 
The Transpennine Route Upgrade (TRU) is a major railway infrastructure project located in the North 
of England, which is part of the UK Governments levelling up agenda, improving connectivity 
between main Northern economic centres. The TRU Project between Huddersfield and Dewsbury is 
the key intervention which unlocks capacity, journey time and reliability objectives along the route. 

Keywords: Transpennine Route Upgrade; Network Rail Infrastructure Projects, Network North 

1 Introduction 
This paper provides a brief introduction and 
overview of the Transpennine Route Upgrade (TRU) 
programme, and more specifically the large-scale 
intervention being undertaken between 
Huddersfield and Westtown (Dewsbury), 
otherwise known as TRU Project W3 (West 3). For 
further information and current progress news 
refer to Network Rail's dedicated website [1] 

This introduces following papers, which describe 
some of the key civil engineering interventions 
being delivered as part of the W3 Project. 

2 TRU Scheme Overview 
TRU is a multi-billion-pound, transformative, long-
term railway infrastructure programme that will 
improve connectivity in the North, principally 
West-East, between the major economic centres of 
the Northwest (Liverpool & Manchester) and 
Yorkshire-Humber (Leeds, York & Hull).  

The core TRU programme covers 122km (70 miles) 
of existing route between York and Manchester, 
but also covers significant diversionary route 
upgrades to facilitate construction and future 
operational resilience. 

Figure 1, TRU Location & Route Map 
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The Legacy of the Past: Geotechnical challenges from coal mining 
impacting major rail infrastructure. 
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Abstract 
The legacy from a long history of mining, quarrying and subsequent landfilling can present 
significant geotechnical challenges to infrastructure schemes. When upgrading existing rail lines 
through congested urban corridors there is little opportunity to avoid the risk. Understanding the 
legacy of the past and the risk posed to the construction and operation of both existing and new 
track and structures is key to building resilient structures and a sustainable railway for the future. 
The paper discusses how the coal mining risk was managed and through dialogue with Network Rail 
a balanced approach (considering safety, cost and resilience) was adopted to determine appropriate 
mitigation. It then discusses the challenges implementing drill and grout mitigation in a live rail 
environment, around buried infrastructure, through landfill areas and adjacent to water courses. All 
required as mitigation for a new flyover and viaduct structure between Huddersfield and Dewsbury. 

Keywords: Coal mining; risk assessment; mine workings; mitigation; grouting; structure interaction. 

1 Introduction 
The Transpennine Route Upgrade (TRU) is 
delivering major upgrades to lines and stations 
between Manchester, Leeds and York in the North 
of England. Increasing capacity and electrifying the 
route will deliver faster, more reliable and greener 
journeys for the local communities. Between 
Huddersfield and Dewsbury, the 14km section of 
route known as West 3 (W3) (herein referred to as 
‘the route’) is discussed in further detail here. The 
route is geotechnically interesting, with challenging 
ground and major structural interventions both 
around the existing live railway, and off track.  

The route crosses a landscape with a legacy of 
historical coal mining, quarrying and subsequent 
landfill, which introduce risks that need to be 
understood and managed to provide long term, 
sustainable and resilient assets.  

Geologically, the route is underlain by the Pennine 
Lower Coal Measures (PLCM) bedrock, including a 
number of coal seams. Evidence of likely working of 
seams has been found in a significant number of 
the ground investigation (GI) holes. This has greatly 
aided the development of robust ground models 
and assessing the risk of collapse or settlement and 
thus the need for mitigation or not, early in the 
design process.  

Alongside the development of outline designs, 
mining risk assessments (MRA) and a mining risk 
mitigation strategy were developed in consultation 
with Network Rail (NR). It wasn’t economically 
viable to mitigate all possible risk. Therefore, a 
refined risk assessment process was needed to 
consider the cost of mitigation vs likelihood and 
impact of possible shallow working collapse 
causing a major event to the railway. Through this 
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Abstract 
Huddersfield viaduct is a Victorian masonry arch structure with a number of metallic spans. It is a grade II 
listed structure of varying condition that needs to be strengthened and modified to fulfil the requirements 
of the Transpennine Route Upgrade. This structure will accommodate additional tracks as well as portions of 
the amended platforms and electrification infrastructure. Line speeds are to be increased to 100mph on the 
Fast lines and 75mph on the Slow lines.   

This paper describes the design challenges that have been overcome through a mixture of modern analysis 
techniques combined with traditional engineering design and judgement to develop the solution presented. 
The proposed works are as follows:  

• Span 1 is to be replaced with a modern steel deck to accommodate the new station layout.
• Span 4 is strengthened and re-articulated.
• Span 5 is to be infilled to deal very weak masonry.
• Span 29 is to be reconstructed using prestressed beams.
• The masonry spandrel walls are to be stabilised using inclined anchors to tie back to the masonry

piers.
• The masonry arches are to be repointed and repaired where necessary.

Challenges have arisen from working within the confines of an old historic site that continues to serve a busy 
operational railway. It is a credit to the project that the majority of this structure has been saved from 
reconstruction to be reused and upgraded to serve the modernised railway.  
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Baker Viaduct: On Track to Better - The Design of a New Railway 
Viaduct for the 21st Century 
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Abstract 
The Trans Pennine Route Upgrade is a major, multi-billion-pound programme of railway 
improvements which will bring better journeys to passengers travelling across the Pennines 
between Manchester, Huddersfield, Leeds and York. As part of the scheme a new 350m long, four 
track viaduct is needed near the town of Dewsbury, West Yorkshire. 

In addition to the sustainability benefits realised through transformational transport improvements, 
the design of the viaduct has focussed heavily on efficient and optimised design for both 
construction and operation and used wide ranging expertise to optimise the solution. Key features 
include:  

• Splitting the structure into modules to eliminate rail expansion joints – minimising maintenance
and disruption in service

• Use of composite diaphragms to maximise structure stiffness, reducing foundation demands
from rail loads

• Use of a ‘product’ design approach to optimise off-site fabrication and manufacture of the
structure

• Precast deck panels optimised for delivery to site by road and to minimise pollution risk during
construction

• Enhanced safety in construction from careful detailing of the precast deck
• Automated design processes to allow a high level of design refinement, reducing steel and

concrete quantities
• Foundations designed to minimise disturbance to contaminated ground on the site

This paper will outline the design of the structure and the automation used to create the design, 
covering key challenges, solutions and innovations adopted. 

Keywords: Track Structure Interaction, Composite Bridge, Diaphragms, Carbon Calculation 
Transpennine Route, Rail, Viaduct 

1 Introduction 

1.1 TRU Overview 
The Transpennine Route Upgrade (TRU) is a multi-
billion-pound programme of railway improvements 
which will bring better journeys to passengers 

travelling across the Pennines between 
Manchester, Huddersfield, Leeds and York. 

The project will speed up journeys between towns 
and cities across the north of England. The fastest 
journey times are forecast to be 63-66 minutes 
between Manchester and York and 41-42 minutes 
between Manchester and Leeds. 
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Abstract 
Using the age of the road bridges as one of the inputs, deterministic and probabilistic deterioration 
models are used to determine the deterioration rates and predict the future physical condition of 
these structures. This study attempts to estimate the year of construction of 27 road bridges in 
Zambia. The Technique assumes that the normalized difference water index 2 (NDWI_2) at the 
target bridge point (TBP) shows detectable differences before and after the construction of a road 
bridge. Landsat 5 Thematic Mapper in conjunction with Landsat 7 Enhanced Thematic Mapper Plus 
was used in the Google Earth Engine. Sequential t-test analysis of the regime shift method was 
applied with a cutoff length 𝑙𝑙𝑙𝑙 =  2 to 𝑙𝑙𝑙𝑙 =  12, and significance level 𝛼𝛼𝛼𝛼 =   0,05, to interpret the 
estimated year of construction from NDWI_2. The results confirm that it is possible to accurately 
estimate the year of construction of road bridges in Zambia using this method. 

Keywords: satellite imagery; construction year; road bridges; normalized difference water index 2; 
regime shift; bridge management; bridge target point; Landsat. 

1 Introduction 
Using the year of construction of road bridges as 
one of the key parameters, deterministic and 
probabilistic deterioration models facilitate the 
calculation of deterioration rates and the 
prediction of the future physical condition of road 
bridges. This valuable information helps to 
prioritize bridges, formulate plans and budgets for 
future works, and develop strategies for routine 
maintenance and inspections [1, 2].  

In the previous study [3], a Technique was 
developed to determine the estimated year of 
construction of the road bridges by correlating the 
regime shift of the normalized difference water 
index 2 (NDWI_2) with the actual year of 
construction of the road bridges in Nago City in 
Japan. The study yielded  𝑅𝑅𝑅𝑅2 =  0,33  for 44 road 
bridges with an overall length < 100 m. The current 

study attempts to apply the same Technique to 
assess and determine the estimated construction 
years of road bridges in Zambia. For over 90% of 
the road bridges in Zambia, the year of 
construction is not known, and, bridge’s overall 
length < 100 m. The study examines 27 road 
bridges, of which 23 have an overall length > 100 m 
and 4 have an overall length < 100 m. The inclusion 
of bridges with an overall length > 100 m is 
motivated by the fact that they can only be 
detected to a limited extent by pixelated satellite 
images due to problems such as insufficient 
reflectance as well as absorption and scattering 
effects. In addition, bridges with an overall length > 
100 m are classified as particularly critical. 

The Technique assumes that the normalized 
difference water index 2 (NDWI_2) at the bridge 
target point (TBP) shows detectable differences 
before and after the construction of a road bridge. 
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Abstract 
The Orthotropic Steel Deck (OSD) is prone to fatigue crack due to initial defects caused by welding 
and the cyclic loading. Instead of sharp crack path tracking in OSD fatigue crack failure modeling, 
Phase Field (PF) approach uses diffuse damage localization, which has been adopted in simulating 
the crack propagation in OSD. The Nominal Stress method was used to simplify the OSD into a two-
dimensional model, and the initial defects and residual stresses were incorporated in the model. 
Based on the PF model, the remaining fatigue life of typical welded details in an OSD was predicted. 
An Ultra High-Performance Concrete (UHPC) strengthening technique was presented, and the 
schemes before and post strengthened were compared under the same test conditions. The results 
show that the PF model is efficient in assessing the remaining fatigue life of OSD, and the fatigue 
life of OSD can be improved by this strengthening scheme. 

Keywords: steel bridge; fatigue; crack; Phase Field; orthotropic steel deck. 

1 Introduction 
Orthotropic Steel Decks (OSD) have been widely 
used in long-span steel bridges because of 
lightweight, high structural stiffness and bearing 
capacity. Fatigue cracking at the joint of rib-to-deck 
(RTD) is usually an issue in OSD maintenance, which 
naturally draws a lot of studies on fatigue life in 
OSD. In terms of fatigue performance of the RTD, 

Wang et al. [1] evaluated the fatigue performance 
of OSD with respect to multiscale concerns through 
experiment combined with extended finite 
element method. Cheng et al. [2] studied the 
fatigue crack propagation process, characteristic 
fatigue life and fatigue failure mechanism of RTD 
connection under cyclic load. Chen et al. [3] 
considered the welding residual stress of double-
sided welded joints of RTD, and investigated the 



 https://doi.org/10.2749/manchester.2024.0336
Distributed by 336

IABSE Symposium Manchester 2024 
Construction’s Role for a World in Emergency 

 

Renewing Short-Span Existing Bridge Decks with CFRP Tendons for 
Durability 

Yuki Onishi  
Yamau Co., Ltd., Fukuoka, JAPAN 

Kohei Yamaguchi 

Nagasaki University, Nagasaki, JAPAN 

Contact: ohnishi@yamau.co.jp 

Abstract 
Many short span bridges have sound substructures, but their superstructures have deteriorated and 
often have seismic performance problems. Considering factors such as the aging population, 
declining population, and financial constraints within the local communities, it is crucial for such 
bridge replacements to adopt "Smart Structures", such as maintenance-free structures. Therefore, 
this research was being conducted on precast PC (prestressed concrete) decks using carbon fiber 
reinforced polymer (CFRP), which are corrosion-resistant and can reduce maintenance costs. The 
Result showed that thin-walled PC decks with CFRP also had an same effective anchorage length for 
conventional standard PC steel strand wire. And, based on numerical analysis and loading tests, it 
was confirmed that the bending load carrying capacity of PC decks  can be evaluated using the 
current design method. 

Keywords: carbon fiber; CFRP; PC deck; short span bridge; maintenance free; finite element 
method. 
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Abstract 
Langebro is an iconic bridge across the harbour in central Copenhagen, Denmark. The bridge connects central 
Copenhagen with the island of Amager.  

The bridge consists of different spans, including a steel bascule span and two arch spans over the harbour. 
Viaduct spans on each side allow road traffic underneath the bridge. The bridge was completed in 1954. The 
bridge has a total length of 385 meters, a width of 33 meters and carries six road traffic lanes, along with 
cycle lanes and pedestrian footways. The bridge is a landmark and is protected (cultural heritage). 

A complete rehabilitation including strengthening of the entire bridge is currently in progress. 

Keywords: Rehabilitation; load capacity assessment; strengthening; concrete repair, brickwork 
rehabilitation; provision of additional concrete cover; condition assessment; sustainable solutions.  

1 Introduction 
Over the past decades, most countries have 
experienced an increase in traffic in terms of 
volume and weight. In addition, the general 
condition of many bridges has deteriorated and 
environmental conditions, including, e.g., the 
usage of de-icing salts, has caused corrosion of 
reinforcement and spalling of cover concrete. 

For Langebro Bridge a complete rehabilitation is 
currently in progress. The works were initiated in 
2021 and are expected to be completed in 2025. 

2 Layout of the bridge 

2.1 Details for the Langebro Bridge 
Langebro Bridge is a complex structure where 
some of the areas below the approach spans are 
utilized for parking and office space, etc. The 
approach spans are constructed from a beam-slab 
RC-structure supported on RC columns and walls. 
The area below the approach spans on the 
Copenhagen (West) side covers an area of around 
4,500 m² and was originally utilized as a parking 
area. The area below the approach spans on the 
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Abstract 
Two equivalent motorway flyover ramps built in 1963, curved in view and with skewed abutments 
must be rehabilitated. The superstructures need to be strengthened due to deficiencies in shear 
capacity. 

The post-tensioned concrete box section girder is supported by four bearings, all of which are of a 
different type. One of the bearings serves as a tension bearing, in form of a vertical, not inspectable 
post-tensioned cable. A monolithic connection of the superstructure with the abutment has been 
elaborated to provide a low maintenance alternative force path for the case of a potential loss of 
the tension in the vertical tendon. In addition, the proposed connection provides for the required 
seismic resistance.  

The strengthening for shear force is executed by doubling the outer post-tensioned web. 

Keywords: rehabilitation, strengthening, upgrade, post tensioned hollow box. 

1 Introduction 
The flyover ramps were built in 1963 as part of a 
motorway project. All the bridges along the route 
were erected on full scaffolding. The curved hollow 
box superstructure in concrete has been post-
tensioned in stages. The curved in plan flyovers 
with skewed ends carry one lane of traffic and an 
emergency lane, each, to and from the motorway, 
respectively.  

A condition and structural assessment showed that 
both structures have deficiencies in the shear 
capacity of the post-tensioned webs and in the 
torsion capacity of the bottom slab of the hollow 
box section.  

The independent checking of the structural 
evaluation and the design of the strengthening 

measures was completed in 2023. The structure 
was modelled in SOFiSTiK with shell elements to 
evaluate the structural behaviour capturing the 
particularities of the curved hollow box section and 
the skewed supports, including the torsional 
response to the actions.  

2 Original design 
When the structure was designed in 1962, a 
simplified beam model was used, Figure 1.  
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Abstract 
Larger scale concrete production to satisfy rapid infrastructural development leads to significant 
resource exploitation. One of the important ways to achieve sustainability in concrete construction 
is by optimizing the use of resources. To address this challenge, reusing structural concrete elements 
emerges as a viable alternative. During the process of selective demolition, structural concrete 
elements are unloaded. To assess their quality for reuse, a non-destructive testing technique is 
required. This study investigates the propagation of surface cracking during loading and unloading 
states using a digital image correlation (DIC) technique. Standard concrete prism specimens were 
subjected to compression loading at different stress levels before reaching the peak stress and 
subsequently unloaded. A novel method was developed to analyze the microcracks during 
unloading by digitally reproducing the DIC data. Quantification of surface cracking in the unloaded 
state can provide insights into the previous stress state experienced by the concrete elements and 
potential areas for reuse.   

Keywords: Digital image correlation, unloading, compression, reuse, strain fields 

1 Introduction 
The exponential growth of concrete infrastructures 
is alarming in the context of sustainability.  There is 
an urgent need to establish a balance between the 
rising demand for concrete infrastructures and the 
necessity to minimize CO2 production and resource 
consumption to achieve sustainability in concrete 
construction. In this context, recycling of 
construction demolition wastes such as coarse 
aggregates, fine aggregates or cementitious 
materials from recycled concrete powder have 
been explored by many previous studies (1-2). 
However, this total demolition of structures and 

their recycling process is more energy intensive 
with heavier equipment and less focus on quality 
materials for reuse (3). The performance of 
concrete produced using these recycled wastes 
depends on many factors like the parent concrete 
source, crushing method, quality and quantity of 
adhered mortar content affecting the higher water 
absorption of recycled materials, and formation of 
two interfacial transition zones due to the attached 
mortar layer which leads to more weakness at 
microstructure of concrete (1). On the other hand, 
the selective demolition process focuses more on 
the extraction of materials or components with a 
greater potential for reuse and avoids the large 
quantity of waste generation, sorting, and 
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Abstract 
Bridges are vital infrastructure assets, ensuring the economic activity during the adverse times of 
conflict. Notwithstanding, there is insignificant research regarding their damage characterization 
with the use of remote approaches for post-conflict recovery. Monitoring and remote sensing is a 
promising technology for identification of damages caused by war-induced hazards, including 
artillery fire, explosions and shelling, and hence facilitate accurate and rapid evaluations of capacity 
and functionality loss, providing valuable information for reliable risk assessments at emergency 
and normal circumstances. The geospatial analysis, based on Interferometric SAR (InSAR) products 
of coherence, calculated between SAR images recorded at different dates could serve as a mean to 
characterize the level of damage, as demonstrated in this research. The main findings of study 
include the use fully open-access and remote data for assessment of critical infrastructure damages. 

Keywords: bridges; damage; targeted human-induced hazard; explosion; Interferometric SAR 
(InSAR) products; coherence; recovery; remote monitoring; transport network; functionality. 

1 Introduction 
Due to vital importance of bridges in linking 
regions, enabling transportation and fostering 
economic progress [1] they often become the most 
targeted assets in war-torn regions. In such 
circumstances mass bridge destruction is often 
even more complicated due to limited access to 
them, resulting in inability of rapid assessment, 
decision-making and post-conflict recovery. On-
site inspection and testing, which are typical 
approach for damage detection and retrofit 
decision-making, are increasingly time- and 
resource consuming, as well as difficult in 
accessibility, thus this survey method cannot be 
implemented effectively [2]. Remote sensing can 
serve as a substitute for identifying structural 
damage in aftermath or during the conflict due to 

ability to detect alterations across extensive areas 
and its quick revisitation as well as high potential to 
reduce the necessity for on-site surveys, which is 
the issue for conflict-affected areas that may be 
challenging to access [3]. This capability gap is of 
specific importance for ensuring of resilience and 
sustainability of infrastructural systems, revealing 
the necessity of research on remote assessment 
approaches. Recent years, modern remote 
techniques, including Earth Observation (EO) and 
geospatial approaches and especially Synthetic-
Aperture Radar (SAR) images have gained 
remarkable popularity for effective management 
of large portfolios of structures in post disaster 
regions [4][5][6]. In particular, the one of the most 
effective approaches is associated with the use of 
Coherent Change Detection (CCD), by comparing 
alterations in the landscape before and after 
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Abstract 
In new bridges the use of half-joints and corbels is not recommended from a durability viewpoint. 
However, in existing bridges they are frequently present. The design and detailing rules for concrete 
have changed over the last decades. A dilatation joint is always present above a half-joint or corbel. 
During service-life this joint deteriorates and almost always starts to leak and water with de-icing 
salts penetrate to the structure underneath. This initiates a large risk on corrosion of the 
reinforcement steel. However, this steel in this construction detail is crucial for the bearing capacity 
of the structure itself. What many structural engineers don't know is that the actual detailing of the 
reinforcement within the half-joint or corbel in relation to the position of the loads determines the 
stress in the reinforcement a7nd thus the capacity. In addition to this engineering effect, standards 
and insights have also developed over time. On the bases of some examples of existing corbels and 
half-joints the different ways to calculate such a structure are described in the paper. The well-
known strut-and-tie model as well as the shear-cut-method from the Dutch CUR 40 are compared 
to non-linear finite element models. It is concluded that (as usual) the devil is in the detail. 

Keywords: Structural Assessment, concrete corbel, concrete half-joint, detailing, shear. 

1 Introduction 
With his patent [1] in 1866 Heinrich Gerber became 
the inventor of the Gerber beam. In his patent he 
emphasises the advantage of a statical determined 
structure: the settlement of supports and the 
temperature influences do not result in internal 
forces. At that time easy calculation by hand was 
also an advantage. As reinforced concrete was only 
barely invented, it was not used for buildings let 
alone bridges. So, the first applications of Gerber 
beams in bridge design were made from steel. With 
the introduction of prefabrication and prestressed 

concrete after the Second World War, the concrete 
Gerber beam became popular in bridge design. As 
the construction depth can’t be altered at the 
location of the hinges, the total depth is divided 
into two halves. Therefore, concrete Gerber beams 
are known as half-joints or dapped-end beams. 
From a structural point of view a half-joint is quite 
like a corbel or saddle.  

Up till the seventies calculations were mainly done 
by hand. Traffic was low and de-icing salts were 
hardly used, so there wasn’t much deterioration at 
the joints.  Although the bending moment at the 
half joint is zero, the shear force is maximal.  
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Evaluation on a load-carrying capacity of the stiffened plates 
subjected to biaxial forces considering the local buckling of the 
longitudinal ribs
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Abstract 
This study analyzes the load transfer mechanism in single-sided frictional joints, with high-strength 
countersunk head bolts. Numerical analysis on coupon-type joints explores the bearing force on the 
counterbore, the friction force ratio to bearing force, and the slip resistance difference between 
countersunk head bolts and conventional bolts. The findings revealed that high-strength 
countersunk head bolted single-sided frictional joints employ a bearing force on the counterbore 
part by a bolt tightening. Since the stress occurs in the thickness direction of the main plate/the 
splice plate in the case of high-strength countersunk bolts, yielding of the main plate/the splice plate 
is limited and the reduction of the bolt axial force is not significant. Consequently, a single-sided 
frictional joint with high-strength countersunk bolts demonstrated higher slip strength. 

Keywords: high strength countersunk head bolt, single-sided friction joints, slip coefficient, splice 
plate arrangement, countersinking bolt hole 

1 Introduction 
A countersunk head high-strength bolt, simply 
referred to as a countersunk bolt, features a 
smooth bolt head, as shown in Figure 1. This design, 
when applied to frictional joints for bridge deck 
plates, eliminates bolt head protrusion, thereby 
ensuring uniform base asphalt thickness [1]. The 
objective of this study is to develop countersunk 
bolted single-sided friction joints, simply referred 
to as CBJ, and counterbore processing in the main 
plates to achieve a completely flat steel deck 
surface [2], as shown in Figure 2. 

In a previous study [1], slip tests were performed 
on both single- and double-sided frictional joints 
using 90° countersunk bolts. It was observed that 
the axially parallel part of the counterbore, marked 
by the red circle in Figure 3, undergoes plastic 
deformation. This leads to a lower axial force than 
that in a high-strength hexagon bolt (referred to as 
a hexagon bolt) when the tensile load is applied. In 
single-sided frictional joints, the slip coefficient 
decreased by approximately 6%, and in double-
sided joints, it decreased by approximately 10% 
with countersunk bolts compared to hexagon bolts. 

To suppress the plasticity of the axially parallel part, 
the bolt head opening angle was adjusted to 92° [3],
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Abstract 
By 2030, CO2 emissions must be drastically decreased to meet the goals of the Paris Agreement. As 
a result, the modern construction sector urgently needs to transition to a circular economy. This 
paper investigates how pricing of CO2 emissions at different levels impacts the viability of reuse in 
building projects. A recently developed design tool is used in two case studies to find appropriate 
reclaimed steel elements for a truss structure at Old Trafford, Manchester. Utilising optimisation 
algorithms, the design tool automatically proposes substitutions of elements in a designed building 
with reusable elements. The conducted case studies demonstrate that an increased CO2 emission 
price encourages a higher utilisation of reusable elements, even considering the substantial driving 
distance involved in acquiring them. The results indicate that increasing the CO2 emission price in 
the future will motivate the reuse of old materials in the building projects of tomorrow. 

Keywords: Reuse; Digital design tool; Circular economy; CO2 emission pricing. 

1 Introduction 
In the Paris Agreement, the United Nations made a 
commitment to limiting global warming to well 
below 2°C and ideally below 1.5°C by the end of this 
century [1]. To accomplish this goal, emissions 
must decrease by 45% by 2030 [2] and reach net 
zero before 2050 [3]. This impacts the building and 
construction sector, which uses about 50% of 
extracted resources worldwide [4]. The sector is 
responsible for 37% of global CO2 emissions [5] and 
accounts for over 33% of the waste in the European 
Union [6].  

The primary cause of the high CO2 emissions in the 
construction sector is the linear economy, which 
discards resources and building materials after use 
[7]. Consequently, the construction industry must 
quickly shift towards a circular economy to reduce 
CO2 emissions [8]. 

One method to price the CO2 emissions in the 
construction sector is to use the carbon price 
benchmarks from The Organisation for Economic 

Co-operation and Development (OECD). The first 
benchmark defined by the OECD of EUR 30 per 
tonne CO2 [9] is a historic low-end and minimum 
price level to start triggering meaningful efforts. 
The second benchmark, which is described as a 
low-end 2030 and a mid-range 2020 benchmark, is 
EUR 60 per tonne of CO2. This price is also in line 
with a 2060 scenario of gradual decarbonization 
[10]. The third benchmark, which is set at EUR 120 
per tonne of CO2, is a central estimate of the carbon 
costs in 2030. To investigate how the price of CO2 
emissions affects the use of reusable building 
elements, this paper aims to answer the following 
research question:  

How is the price of CO2 emissions affecting the 
reuse of building elements? 

First, the digital design tool used in this paper is 
described. Then, two case studies are defined to 
investigate how the price of CO2 emissions is 
affecting the reuse of building elements. Lastly, the 
results of the case studies are presented and 
discussed.  
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Abstract 
Topology optimization of a double  layer grid  space  frame node was examined,  considering  load 
combinations  and  various  optimization  parameters  including minimum member  sizes  and mass 
reduction  constraints.  Minimum  member  size  constraints  up  to  15mm  improved  stiffness  by 
creating slender secondary supports, enhancing the primary load path. Post‐processing techniques 
involving  smoothing  and  rationalization  reduced  maximum  stresses  by  47%.  Compared  to 
conventionally designed nodes, the optimized nodes showed remarkable structural performance, 
with  stress  levels  reduced  by  up  to  88%.  Nodes  that  were  optimized  to  the  load  combination 
performed significantly better than nodes optimized to single load cases. The study also explored 
physical prototyping feasibility. 

Keywords:  topology  optimization;  additive manufacturing;  space  frame;  structural  optimization; 
parametric design. 

1 Introduction 
The  integration  of  additive  manufacturing  (AM) 
into  the  fields  of  architecture  and  structural 
engineering  has  the  potential  to  create  spatial 
structures  that  are  no  longer  restricted  by 
standardization. By coupling topology optimization 
(TO) with AM, structural engineers can design and 
fabricate bespoke nodes with optimized structural 
performance and reduced fabrication lead times.  

To  date,  a  number  of  continuing  studies  that 
designed  and  fabricated  intricate  geometries  for 
structural  nodes  in  bespoke  space  frames, 
gridshells  [1,2]  and  tensegrity  structures  [3]  are 
available.  In  the  case  of  space  frames,  the 
structural performance of the topology optimized 
nodes was not compared to that of a node defined 
parametrically  or  conventionally.  Furthermore, 
there is limited information on the performance of 

optimized joints against multiple load cases, where 
research  to  date  focused  on  single  load  case 
topology optimization.  

Consequently,  this  research  paper  considers 
optimizing space frame roof nodes to multiple load 
cases and compares the structural performance of 
the  optimized  nodes  against  a  spectrum  of  load 
cases.  Additionally,  the  effect  of  the  various 
optimization  parameters  present  in  the  Solid 
Isotropic Material with Penalization method (SIMP) 
was  also  investigated.  The  behaviour  of  a 
parametrically  defined  node  using  mesh 
subdivision  was  also  assessed,  where  the  results 
obtained using numerical analysis techniques were 
compared to the results of the topology optimized 
nodes  as  well  as  those  designed  conventionally. 
The suitability of AM  in  fabricating  the optimized 
nodes was also assessed. 
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Abstract 
The use of lightweight concrete could overcome some of the disadvantages of normal-weight 
concrete. However, the fabrication of lightweight aggregates is energy intensive and considerably 
draws on non-renewable resources. The positive consequences from lighter weight on supporting 
structural components’ dimensions are frequently outrun by the increase in carbon footprint of up 
to 65% stemming from the lightweight aggregates. On this background, fabrication of lightweight 
aggregates in a low-energy cold-bonding pelletizing process, using bio-based waste and by-
products, and alternative binders in combination with or instead of cement was explored. Presented 
results cover reflections for recipe mix design, observations made in the pelletizing and hardening 
process, results obtained for density, strength, thermal properties, and carbon footprint of this 
alternative way to produce lightweight aggregates for concrete. 

Keywords: lightweight aggregates; pelletizing; biowaste; alternative binders; structural properties; 
thermal properties; carbon footprint. 

1 Introduction 
Concrete is the second most used material by 
mankind (after water), due to its many advantages: 
it has a simple recipe (basically aggregates, cement, 
and water), is cheaply and widely available, and is 
easily handled as it is pourable, possibly self-
compacting, and self-hardening. Furthermore, 
concrete provides good acoustic insulation, fire 
protection and thermal storage capacity. 

However, its intensive and widespread use heavily 
draws on non-renewable natural resources. More 
importantly, cement production is responsible for 
vast amounts of greenhouse gas emissions. In 
building construction, minimum dimensions of 
components are often dictated by execution while 
the concrete strength is hardly governing. And its 
high density may require additional material 
volume in supporting structures. 

The use of lightweight concrete (LWC) could 
overcome some of these disadvantages. But the 
fabrication of lightweight aggregates (LWA), such 
as expanded glass or clay, is very energy intensive 
and draws on non-renewable resources, too (sand, 
in particular). The possible reduction of material 
quantity and of the associated carbon footprint, 
due to reduced density of LWC, is outrun by the 
added carbon footprint from LWA (up to 65%). 

On this background, fabrication of LWA in a low-
energy, cold-bonding pelletizing process from 
sawdust (an ample waste from timber production), 
calcium-rich wood ashes (an abundant waste from 
district heating in Switzerland), and alternative 
binders such as hydraulic lime and metakaolin in 
combination with or instead of cement is explored. 
This paper reports on challenges encountered and 
observed performances in this initial step towards 
an alternative way to produce LWA for concrete. 
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Abstract 
For over-track residential towers in metro depots, distinctive layer heights and structural systems 
arise due to reasons including architectural function and process. This results in the formation of a 
stiffness transformation at the base of the structure. In order to meet the stiffness ratio 
requirements, neglecting the use of optimization design methods may lead to large dimensions of 
components and high utilization of materials. This paper firstly summarizes the lateral stiffness 
optimization design methods for over-track residential towers in metro depots. Then a practical 
engineering case is given to illustrate how to use this method in practical engineering. The case 
study demonstrates that changing the structural system of the over-track, layer height correction 
and column bracing can make it easier to meet the stiffness ratio requirements at the base, thus 
improving architectural function and saving cost.  

Keywords: Over-track in metro depots, Residential tower, Lateral stiffness, Optimization, Structural 
system, Layer height correction, Column haunching 

1 Introduction 
All With the advancement of urbanization in China, 
rail transit has gradually become the primary way 
of urban public transportation. At present, more 
than 43 cities in China have been approved for rail 
transit construction planning, with a total mileage 
of more than 8600 km [1]. Under the background 
of increasingly developed urban rail transit and 
increasing land resources occupied by rail transit 
depots, the rational development of the upper 
cover project of rail transit depots can make full use 
of urban land resources, optimize urban space 
construction, and improve social and economic 

benefits. For the development and construction of 
the over-track residential tower projects in metro 
depots, there is an obvious stiffness mutation at 
the bottom of the structure due to the 
architectural functions and processes of the layer 
under slab, platform layer and slab layer [2]. 
According to the project experience, the stiffness 
ratios of the slab layer to the platform layer and the 
layer under slab to the slab layer are the controlling 
condition for the stiffness design of the over-track 
structure. The limit value of the stiffness ratio of 
the over-track structure of the rail transit is 
stipulated in the Shanghai code of China. The limit 
value of the stiffness ratio of the layer under slab 
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Bracklinn Falls Footbridge: efficient modular design 

David Knight 
Cake Engineering, London, UK 

Keith Brownlie, James Marks 
BEAM Architects, Dorset, UK 

Contact: david@cakeindustries.co.uk 

Abstract 
The construction and access constraints of the Bracklinn Falls site drove the development of a new 
modular system and governed the structural and aesthetic design for the new footbridge. The 
resulting structure consists of perforated panels, formed from single sheets of weathering steel 
folded into a z-shape. These panels were bolted to cross frames and assembled to create a half 
through beam that spans 21.4m. The structure was assembled bay-by-bay and push launched along 
a set of temporary rails, before being jacked onto the permanent bearings. 

By using a folding process, the modular system minimised welding and hence fabrication time and 
energy use. This paper looks at how the multiple constraints of a particular project enabled the 
design team to deliver a footbridge with an exemplary embodied carbon rating [1] as well as 
achieving economic, robustness, durability and aesthetic goals. 

Keywords: Design; Fabrication; Collaboration; Sustainability. 

1 Introduction 
Generally, the advantages of modular bridge 
construction are speed of installation; construction 
quality (due to offsite fabrication); and overall 
capital cost. It is not often associated with a focus 
on sustainability and durability. This project 
approaches these advantages from the other 
direction and is modular by necessity. Taking as a 
starting point a complex site, this paper describes 
the design process and key design decisions. The 
modular nature of the final scheme [Figure 1] is 
shown to be a necessary outcome of the site 

constraints, and shows another avenue for 
repeatable processes that could be used as a bridge 
product. 

2 Site 
Bracklinn Falls is situated in a gorge surrounded by 
ancient woodland within the Loch Lomond and the 
Trossachs National Park. The park authority 
required a replacement footbridge to cross the 
gorge and to provide views of the falls.  However, 
access for construction plant and materials was 
extremely difficult, with the sole access via a steep 
and sharp cornered path. 
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Abstract 

The Colne Valley Viaduct (CVV), a 3.4km precast post-tensioned segmental viaduct with 57 spans is 
set to become the UK's longest railway viaduct. This study aims to carry out a life cycle assessment 
(LCA) of the CVV. The carbon analysis will focus on the 462m long constant depth deck section of 
the viaduct, and this will be compared against alternative materials and deck types. The LCA 
calculations will concentrate on product modules (A1 to A3), the construction process (A4 and A5), 
the replacement (B4) as per the global warming potential (GWP) indicator in kgCO2e. Calculations 
will be based on activity data from the CVV Bill of Quantities, selected carbon emission factors (i.e. 
for electricity or fuel) and generic Environmental Product Declarations for materials purchased. This 
study intends to highlight any bridge structural components with high carbon emissions, that will 
need to be tackled in future projects to reach the 2030 and 2050 ambitious UK carbon targets.   

Keywords: Bridge design, Life cycle assessment, Carbon emission factors, Optimisation, Concrete, 
Steel. 

1 Introduction 
The built environment sector is a major actor in 
global warming, accounting for at least 37% of 
global greenhouse gas emissions [1]. With 
urbanisation intensifying to meet the needs of a 
growing world population, these emissions are set 
to increase. To address the major environmental 
and social challenges of the 21st century, all 
stakeholders in the construction industry need to 
ensure that future projects minimise their impact 
on the environment. 

A wide range of solutions based on frugal 
construction, or the use of bio-sourced materials 
are available, such as earth concrete or 
construction with timber. However, these solutions 
are becoming rarer in the civil engineering sector, 
particularly for bridges as their limited strength 
make them more suited to the building industry. 
Through the example of the Colne Valley Viaduct's 
(CVV) construction, the aim of this paper is to
analyse how the structural design office can play a
key role in reducing the environmental impact of
the structures they design.
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Abstract 
The construction industry must make a concerted effort to reduce its carbon footprint. This initiative 
for carbon reduction should supplement the social and economic benefits that infrastructure 
projects offer. A proposition project was initiated to design a pedestrian and cycle bridge over the 
River Thames in London with a carbon target of 250 kgCO2e/m2, whilst not compromising the 
functionality of the bridge. To this end, the Nine Elms to Pimlico site, in London, was chosen as our 
challenge. The project has shown that a low carbon bridge over the river is feasible, although 
achieving an upfront carbon of less than 250 kgCO2e/m2 proved to be too ambitious for this bridge 
with current design constraints. The need for unconventional materials, technologies and design 
processes has been identified. A reduction of 75% was achieved by redesigning the superstructure, 
to reach the targeted carbon further work is needed on the substructure and foundations.  

Keywords: low carbon; bridge design; superstructure; long-span bridge; timber arch. 

1 Introduction 
Whether it is for replacement and improving 
resilience of existing bridges, or construction of 
new bridges to facilitate mobility and enhance 
people’s lives, the demand for bridge design in the 
coming years is evident. In addressing the pressing 
Climate Emergency, the design of new bridges 
must prioritise greater material efficiency, 
functional effectiveness, and environmental 
harmony.  

1.1 Setting a target 

The carbon footprint associated with the 
construction of a bridge, or any civil engineering 
project, can be divided into different stages and 

modules, ranging from raw material supply to final 
recycle and recovery.  

A proposed rating system for bridges, Structural 
Carbon Rating Scheme for Bridges (SCORBS), 
assigns ratings from ‘A++’ to ‘G’ based on the 
structural normalised upfront carbon for modules 
A1-A5, or ‘Cradle to Practical Completion’, as 
defined in BS EN 17472:2022, see Figure 1 [1].  

This paper’s objective is to demonstrate that a 
carbon focused design can be achieved without 
comprising quality but upon the assumption that 
the early decision for the necessity of a new bridge 
has already been made.  

The key carbon metric used is normalised carbon, 
measured in kilograms of carbon equivalent per 
area (kgCO2e/m2). The carbon assessments 
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Abstract 
Despite our industry declaring that the climate emergency is upon us, and that immediate, targeted 
action to reduce the carbon associated with our infrastructure is necessary, our industry’s design 
and procurement processes remain largely unchanged from ‘pre-declare’ levels. Earlier this year, a 
team comprised of Buro Happold, Knight Architects, Graham and Gleeds undertook a study to 
understand the challenges of designing a low-carbon bridge. Two key themes emerged: the 
technical challenge of removing embodied carbon from the bridge, and the associated 
consequences of doing so. A parallel paper has been written [1], to highlight the technical 
challenges, whilst this paper sets out the professional, social and economic themes explored. The 
“Nine Elms to Pimlico” crossing of The Thames was our testbed. Our technical aim was to achieve 
normalised carbon of 250 kgCO2e/m2. Our professional aim was to do so whilst maintaining a safe, 
inclusive, and contextual design.  

Keywords: low carbon; net-zero; bridge design; climate emergency 
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Abstract 
Located outside Aylesbury (UK), Thame Valley Viaduct is one of the highest-profile viaducts in the 
entire HS2 route and the longest structure in the C2-C3 section with a total length of 880m. COWI 
worked closely with the client, architect, contractor and the supply chain to deliver an elegant and 
efficient structural design.  

The design follows Design for Manufacture and Assembly (DfMA) principles to increase the 
proportion of prefabrication to reduce construction times, reduce the amount of work on site, 
increase quality of construction and reduce construction risks. In addition, the final design reduces 
the embodied C02 by 60% relative to the reference design. Thame Valley Viaduct has been 
showcased by HS2 as an example of design excellence. 

This paper aims at showing the design of this viaduct, while explaining what DfMA principles have 
been introduced and the challenges involved. 

Keywords: DfMA; high-speed railway; precast; post-tensioning; modular construction. 

1 Introduction 
High Speed 2 (HS2) is Great Britain's new high-
speed railway. Phase 1 of HS2, once operational, it 
will connect the cities of London and Birmingham—
UK's two largest cities—by bullet trains that will 
provide zero-carbon journeys.  Phase 2, which 
would connect Birmingham with cities further 
North, is currently on hold. 

The project comprises 230 km of track, four new 
stations, two depots, over 50 km of tunnels and 
130 bridges.  The railway is planned to be open 
between 2029 and 2033. 

HS2 Ltd is the company responsible for developing 
and promoting HS2 and is funded by grant-in-aid 
from the government.  It is an executive non-
departmental public body sponsored by the 
Department for Transport from the UK 

Government.  HS2 Ltd has awarded different 
contracts covering the procurement of the civil 
infrastructure, train stations, track installation and 
rolling stock, among others.  The main civil 
engineering works were divided into four main 
contracts, and Thame Valley Viaduct is located in 
one of them: C2-C3 in the Central area, which runs 
from the North Portal of the Chiltern Tunnels to the 
South Portal of Long Itchington Wood Green 
Tunnel. 

The C2-C3 contract was awarded as a Design-and-
Build project to the EKFB Joint Venture (JV), 
comprising Eiffage Genie Civil, Kier Infrastructure 
and Overseas Limited, Ferrovial Agroman and BAM 
Nuttall—initially Carillion was part of the JV until it 
went bankrupt and Ferrovial and BAM joined the 
team.  EKFB awarded ASC JV (Arcadis, Setec and 
COWI) the design work, and ASC has worked with 
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Abstract 
The oldest of a set of 3 steel Vierendeel bridges, carrying railway tracks across the canal from 
Mechelen to Leuven, shows various cracks, mainly in the vertical members. Material testing 
demonstrates that the early age steel characteristics show a large variation for strength, yield point, 
impact notch energy and chemical composition. A thorough investigation into both the ULS and the 
fatigue resistance does not imply these to be the cause of the cracks. Comparing the location of the 
cracks and those of the dynamiting and subsequent repair of the steel structure, reveals that the 
brittleness of the material must be the cause of the damage.  

Keywords: Vierendeel bridge, historic structure, material testing, brittleness, fatigue of riveted 
structure, dynamiting. 

1 Introduction 
In Belgium, during last century, longer and medium 
span steel railway bridges were frequently 
designed utilizing the Vierendeel system. In the 
town of Mechelen, three railway lines cross the 
canal to Leuven by three bridges of that specific 
kind, offering a singular illustration of this type of 
application. In 2021–2022, two of these bridges—
which were built in 1958 and had suffered severe 
deterioration—underwent renovations that 
included the installation of a new rail fastening 
system. Constructed between 1933 and 1935, the 
third bridge connects Brussels and Antwerp 
directly by rail. This bridge's tracks were the 
nation's first to be electrified. The bridge suffered 
severe damage during World War II. 

 At the height of the first and seventh bays, it 
fractured in half. German engineers restored the 
bridge in July 1940. A fourth bridge, which spans 
the canal and carries the new bypass line, was 
constructed next to the oldest one in 2017 and 
allows for faster connections. This bridge's design, 
which is a beam construction with varying heights 
and both ends clamped in the RC abutments, 
reverses the idea of an arch structure and contrasts 
with the old bridges. 

In 2020, the oldest bridge was found to have 
several cracks. Additionally, the cross sectional 
area of various secondary parts of the bridge, such 
as the rail supporting the longitudinal beams and 
crossbeams, looked to have significantly 
decreased, and the anti-corrosion protection 
appeared to be inadequate. Because of this and the 
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Abstract 
The Seal Island Bridge is a steel through-arch truss bridge in Cape Breton Island, Nova Scotia, Canada 
with a main span of 152 m over navigable waters. At over 60 years in service, the bridge is near the 
end of its design life and showing structural and operational difficulties such as a previously failed 
truss diagonal, the presence of tack welds throughout the structure, cracked floorbeams and wind-
induced vibrations. As a part of this study, a series of detailed and focused bridge inspections, 
including structural health monitoring (SHM), were performed to inform the structural analysis. To 
assess the structure, a finite element (FE) model was created and calibrated using SHM data and the 
inspection findings. Additionally, a wind buffeting analysis was performed to refine the wind loading 
for the assessment. Based on the results of the analysis and investigations, a rehabilitation plan was 
developed to ensure that the bridge could remain in service for an additional 15 years. 

Keywords: arch truss; finite element analysis; wind buffeting; assessment; rehabilitation. 

1 Introduction 
Seal Island Bridge (herein referred to as "the 
bridge") is located along Highway 105 in Victoria 
County, Cape Breton, Nova Scotia and serves as a 
major transportation and shipping link. 
Construction of the approximately 750m long 
through-arch truss bridge started in 1960 and it 
opened to traffic in 1961. The bridge has a total of 
eight spans: three approach spans, two splay 
spans, two main side spans and one main centre 
span. The bridge is shown in Figure 1. 

The structure has undergone various maintenance 
and rehabilitations since 1990, including a deck 

replacement, recoating, and various truss 
reinforcements. At over 60 years in service, the 
bridge is reaching the end of its design life. It has 
several structural and operational deficiencies, 
including a previously failed truss diagonal, 
cracking of floorbeams, and restricted 
maintenance access due to the narrow width of the 
deck. 

To provide the Owner (the Province of Nova Scotia) 
with a rehabilitation plan for this structure, an 
extensive inspection program and finite element 
(FE) analysis were performed. Providing the client 
with a deep understanding of the current condition 
and performance of the bridge allows them to 
make informed decisions to support a sustainable 
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River Lea Crossing Refurbishment & Strengthening: A case study for 
refurbishment of an historic bridge 
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Abstract 
The River Lea Crossing was completed in 1934 and remains in service today, carrying the A13 in East 
London over a tributary to the River Thames. The crossing comprises a single two-pinned arch span 
of approximately 61m. The bridge is constructed of steel and is supported on huge mass concrete 
abutments. Due to the expectations that it was nearing the end of its service life the was planned 
to be replaced by 2030. An extensive programme of surveys, inspection, monitoring and assessment 
of the superstructure and substructure, going beyond the normal requirements of current 
inspection and assessment standards, demonstrated that the bridge could be retained and 
refurbished to considerably extend its serviceable life.  

This paper presents a case study of the project providing an example for future bridge rehabilitation 
schemes, which will inevitably become more prevalent as the industry learns to make better use of 
existing assets and build less in response to the Climate Emergency. 

Keywords: bridges; inspection; assessment; refurbishment; rehabilitation; steel; arch; historic 
bridges 

1 Project Introduction 
The River Lea Crossing, Figure 1, was constructed 
as part of the Royal Docks Approaches 
Improvement in East London. Completed and 
opened to traffic in 1934 [1], the bridge is still in use 
today as part of the strategic road network carrying 
the A13. The bridge is currently operated and 
maintained by Road Management Services (A13) 
plc. (RMS) through the 30-year A13 Thames 
Gateway Design, Build, Finance and Operate 
(DBFO) contract with Transport for London (TfL). At 
the end of the contract in 2030 the bridge will be 
handed back to TfL. 

The DBFO contract required replacement of the 
bridge superstructure prior to hand back on the 
basis that it would have been in service for almost 
100 years and was therefore expected to be near 

the end of its serviceable life.  However, regular 
inspections of the bridge during the DBFO contract 
indicated that while in need of a major 
maintenance intervention, the bridge was in good 
condition for its age. A load assessment 
undertaken in 2011 found the live load capacity to 
be HA + 30 units of HB loading in accordance with 
the Design Manual for Roads and Bridges (DMRB) 
[2], which was surprising given the significant 
increase in vehicle loads since it was originally 
designed. 

In 2019 RMS commissioned a feasibility study to 
develop both a replacement and a refurbishment 
scheme and evaluate the options.  The 
refurbishment scheme needed to be equivalent to 
a replacement scheme and provide a design life of 
120 years from 2030.  The schemes were evaluated 
in terms of technical feasibility, traffic impact, 
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Hidden defects risk assessment at the Humber Bridge 
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Abstract 
The Humber Bridge opened in 1981. It is a suspension bridge carrying the A15 dual carriageway. Its 
1410 m main span is the longest in the UK. It is owned and operated by the Humber Bridge Board. 
Following unplanned works to bearings arising from a hidden defect in 2020, Roughan & O’Donovan 
was commissioned in 2021 to undertake a hidden defects study following the guidance of CIRIA 
C764. Potential hidden defects for component groups and their possible causes were identified. The 
criticality and vulnerability of each hidden defect was assessed. A risk ranking table was then used 
to rank each hidden defect. Resulting mitigation measures included instigating a programme of non-
destructive testing to welds, periodic survey of fixed points on the towers and anchorages and 
expansion joint works. Such a systematic, risk based approach is felt particularly applicable to the 
management of aging transportation infrastructure under high traffic and environmental demands. 

Keywords: bridges; defects; Humber Bridge; suspension bridge; steel; bridge management. 

1 Introduction 

1.1 The Humber Bridge 
The Humber Bridge is an iconic landmark crossing 
the Humber Estuary, connecting Yorkshire and 
Lincolnshire in the UK (Figure 1). Opened by Queen 
Elizabeth II in 1981 it was the world’s longest single 
span suspension bridge until 1997 and remains the 
longest in the UK at 1410 m. It has asymmetrical 
side spans of 280 m and 530 m (Figure 2). A Grade 
I listed structure, as designated by Historic England, 
the bridge plays a vital role in helping the Humber 
region reach its potential. It is owned, operated 
and maintained by the Humber Bridge Board (HBB), 
who collect tolls to finance the crossing. The bridge 

carries the A15 trunk road, north and south, 
utilising four lanes with two additional walkways 
and passes over a main line railway, the A63 trunk 
road and two other minor roads. On average there 
are 33,000 crossings per day. Between June 2022 
and June 2023 an estimated 120,864 pedestrians 
and 74,563 cyclists used the walkways. 

Figure 1. The Humber Bridge, viewed from Hessle. 
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Abstract 
To shorten the construction period, a novel deck replacement method, which does not need the removal of 
the entire existing reinforced concrete deck above the girder flanges, has been developed and applied to 
actual deck replacement work. This method is characterized by a load transfer between the girder and the 
deck using shear force transferring members (SFTMs). To verify this composite effect by installing SFTMs in 
accordance with the construction stage, field measurement and FEM analysis have been carried out. The 
obtained results indicate that the neutral axis in the cross section of the girder moves upward as the 
construction progress. If the index is defined as 100% for the fully composite state and 0% for a non-
composite state, its value for the obtained state is approximately 70%, which indicates that SFTMs have 
sufficient functionality to enable the interaction between the girder and orthotropic steel deck effective.  

Keywords: Composite steel girder; Orthotropic steel deck; Deck replacement; Field measurement. 

1 Introduction 

1.1 Objectives 
As the deterioration of reinforced concrete (RC) 
decks of steel highway bridges due to heavy traffic 
has become apparent, deck replacement works 
have been implemented earnestly in Japan. These 

construction works are usually carried out while 
regulating traffic. In order to minimize the 
inconvenience to traffic, enabling construction in 
narrow spaces and shortening the construction 
period is desirable. To satisfy the requirements of 
RC deck renovation of existing composite steel 
girder bridges, a novel deck replacement 
technology employing an orthotropic steel deck 
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Numerical Study on Square Large Sectional Concrete-Filled Steel 
Tubular Columns with Separating Cross Steel Plate

To meet the demand of structural performance of the tomorrow’s supertall buildings, square 

tomorrow’s supertall buildings, it is necessary to 
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Abstract 
The paper explores the potential applications of adaptive components based on shape memory 
polymer (SMP) composites in vibration control of plate/shell structures and rigidization of inflatable 
structures. These components achieve stiffness and damping variation by thermally actuating SMP 
between its glassy and rubbery states. In CASE A, steel-SMP sandwich plates of a truss bridge are 
actuated to glass transition temperature (Tg), where material damping reaches the peak to mitigate 
dynamic responses. CASE B proposes a simple and reversible rigidization method for inflatable 
structures, creating high compaction ratio and design flexibility. Converting the SMP layer between 
its glassy and rubbery states, inflatable structures achieve multiple functions during transportation, 
construction, and service life. SMP-based adaptive components enhance structural performance 
and mitigate dynamic effects in demanding environments for various structures. 

Keywords: adaptive components; shape memory polymer (SMP); variable stiffness and damping; 
vibration control; plate/shell structures; inflatable structures; physical rigidization; construction in 
extreme environments

1 Introduction 

1.1 Vibration control 
Structural control strategies optimize performance 
in adaptive structures under changing loading 
conditions, categorized as passive, active, semi-
active, and hybrid [1]. Passive systems, e.g. base 
isolation, require no control power but have 

limited capabilities. Active control effectively 
reduces structure responses, especially in seismic- 
[2] and wind-excited [3] buildings, but can be
unstable due to high power density and control
uncertainties. Semi-active control systems, like
magnetorheological dampers, perform better than
passive systems and offer reliability and energy
efficiency over fully active systems. Hybrid control
combines passive, semi-active, and active
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Abstract 
The aim of this paper is to present the conceptual design process of the proposed Extradosed 
Bridge, as part of the Third Ring Road of Mecca project, near the Jamarat site in KSA. The proposed 
bridge is conceived as an Extradosed Bridge with an open cross section with two main longitudinal 
girders in post tensioned concrete and spans of 85-145-90 m. It is the result of a conscious and 
rigorous conceptual design process, that took into consideration the special context and boundary 
conditions, in some cases, quite unusual for a road bridge. The resulting slender, durable, and 
elegant bridge fits in the context, providing an iconic, yet subtle reference to this important site.  

Keywords: Extradosed Bridge, Skewed Bridge, Post-tensioned Concrete, Stay Cables, Vibrations, 
Constructability. 

1 Introduction 
A new bridge is foreseen as part of the Third Ring 
of Mecca project in Saudi Arabia, currently under 
design and construction, that serves as the new 
crossing over the Jamarat area, west of the holy 
site for Muslims, as part the development of the 
whole Hajj area. At first sight a conventional 
highway bridge, it is in a very special location that 
significantly conditioned the design: millions of 
pilgrims will make use of the bridge or pass under 
it during the Hajj every year in their pilgrimage to 
the holy Jamarat site.  

As bridge designers, it is rare to have the chance 
to design a road bridge located in such prominent 
location. Therefore, the conceptual design of the 
bridge required careful considerations, taking into 
account the special context and the singular 
boundary conditions.  

This paper describes the conceptual design 
process of this bridge which is presently out for 
tender and which the client wants to open to 
traffic by 2027. Numerous solutions were studied 
in the process, and finally two parallel extradosed 
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Abstract 
The Cody Dock Rolling bridge is a new steel bridge over a dock entrance near the River Lea in London. 
Spanning seven metres between existing dock walls, it allows the passage of vessels into the dock by rolling 
along a track such that the deck turns upside down and is lifted clear of the navigation envelope. The bridge 
is carefully counterweighted so that the centre of gravity is approximately level, allowing the 13.2-ton bridge 
to roll using only a hand cranked winch. Despite the simplicity of this movement, the design process and 
fabrication revealed complex and unique engineering challenges arising from combining an adaptive design 
of a moving bridge with high environmental aspirations and a limited budget. 

Keywords: Footbridge, moving bridge, durability and longevity, low-maintenance, weight and material 
efficiency, human-powered, replaceable components, low-impact, Victorian simplicity, local team.  

Figure 1. View of the bridge in motion from the south-west bank. Photo credit: Jim Stephenson
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Abstract 
The modern and sleek design of a new pedestrian, cycle bridge across the River Shannon is a vital 
link in the EuroVelo Route 2 Galway to Dublin Cycleway. The scheme was configured to act as a 
landmark structure, central to the proposed national cycle network, and a beacon for eco-tourism 
and patrons of active travel. It sought to overcome the severe space restrictions along riverbanks to 
construct the bridge and approaches over and within the Shannon Special Area of Conservation. The 
design aspired to deliver high quality finishes appropriate to a landmark structure in a thriving urban 
centre. The design needed to overcome severe geometric constraints to accommodate river 
navigation to land on the roof of the award winning Luan Gallery and altering the gallery to 
accommodate the bridge abutment in a visually seamless fashion. The scheme required the 
construction of the western approach ramps and boardwalk while maintaining the existing mature 
treeline along the river. 

Keywords: cycle, river, bridge, orthotropic, steel, analysis, constrained, vibration, pier. 

1 Introduction 

Figure 1.1: EuroVelo Route 2 

In 2012, ROD-AECOM was appointed by 
Westmeath County Council to develop EuroVelo 
Route 2, the Dublin to Galway Cycleway. It 
represents a principal component of the National 
Cycle Network, and is key to Active Travel transition 
in Ireland. A critical element of the cycle route 
required a landmark bridge crossing of the River 
Shannon in Athlone town, the ancient centre of 
Ireland.  

ROD-AECOM worked in partnership with Seán 
Harrington Architects to deliver the design of this 
unique structure. This paper briefly describes the 

option selection process for the scheme and 
presents, in more detail, the design development 
and construction of the bridge. A key objective was 
to provide sustainable transport options for both 
cycling and walking along a safe and secure route 
which is separated from vehicular traffic. 
Furthermore, schemes which serve to enhance 
connectivity for sustainable tourism, promoting 
good health and wellbeing at a local level, fully 
align with Ireland’s Sustainable Development Goals 
(SDGs). 

2 Options Selection 
Nine alternative crossing locations and 
configurations were considered in choosing an 
appropriate bridging point along with six route 
options through the town to the river. The route 
and crossing options are shown in Figure 1.2. 
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Abstract 
This paper analyzes earth-retaining walls made of drilled or bored large-diameter steel piles filled with 
concrete subject to Nordic temperature loads, especially focusing on Finnish temperature conditions and 
their effects and mitigation methods. Two-dimensional numerical analysis is carried out with Finite Element 
Method (FEM) software Comsol Multiphysics 6.1. The result’s order of magnitude is validated by a literature 
review and by a one-dimensional analytical model. The paper aims to understand the frost depths with and 
without thermal insulation and to find their optimal locations. Results show that the thermal insulation layers 
might not give the intended benefits if the thermal bridges are not mitigated carefully. Moreover, it is evident 
from analysis that the horizontal part of the insulation covering the top of the ground plays an important role 
in decreasing the frost depth. The important findings will help designers reduce material waste, save public 
money in big infrastructure projects, and preserve the environment. 

Keywords: frost depth; cold bridges, frost heave; thermal insulation; extreme temperature loads; retaining 
wall; bored-pile wall; sustainability; non transient thermal analysis; heat transfer; numerical analysis.  

1 Introduction 
Temperature loads on structures have a significant 
impact on their structural behaviour and 
performance. These loads arise from the expansion 
and contraction of materials due to temperature 
variations, leading to thermal stresses and 
deformations. Understanding the effects of 
temperature loads is crucial for the design and 
analysis of these structures to ensure their stability, 
structural integrity, longevity, durability, and 
watertightness.   

One of the causes of temperature loads include 
frost heave, which leads to additional loads on the 
structure. Because these loads are difficult to 
estimate due to the complexity of the problem, so 

usually mitigation methods are used to prevent the 
frost heave phenomena and therefore the 
knowledge of frost depths becomes indispensable. 

The frost depth in the ground can be estimated 
using literature-based measurement results or by 
solving analytical equations in simple cases only. 
However, in a case of a retaining wall the approach 
is not applicable due to the complexity of the 
geometry. In addition to the horizontal boundary 
(surface of the ground) there’s also a vertical 
boundary from which heat transfer occurs. Thus, 
the problem should be viewed at least in two 
dimensions. In addition to the increased 
dimensions, there’s a possibility that the retaining 
wall forms a thermal bridge, which has a 
detrimental effect on frost depth. 
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Abstract 
Investigation shows that long span concrete box girder bridges often suffer from cracking and 
deflection diseases simultaneously. A considerable number of the cracks are diagonal web cracks, 
which reflects the reduction of the shear stiffness of the structure. However, the current 
specifications only consider the adverse effects caused by flexural cracks and ignore the shear 
deflection. In addition, some scholars have found that the horizontal reinforcement of the web also 
limits the development of diagonal cracks. This paper carried out shear tests on I-shaped beams 
with different forms of reinforcement in the web. Then, a new calculation method is proposed to 
calculate the shear stiffness after diagonal cracking, which takes into account the influence of the 
vertical and horizontal reinforcement at the same time. 

Keywords: shear stiffness; diagonal crack; truss model; horizontal reinforcement; stirrup. 

1 Introduction 
On one hand, experimental research on the shear 
load capacity of RC beams has been relatively 
mature while few experiments have been carried 

out on the shear deformation. On the other hand, 
current specifications only provide calculation 
methods that consider structural degradation 
stiffness due to flexural cracks. Mainstream 
calculation methods include the stiffness analytical 
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Abstract 
Stainless steel is a high-performance alloy with superior corrosion resistance compared to carbon 
steel. By applying stainless steel to corroded areas of a steel bridge, durability can be substantially 
improved. Our objective is to create a steel bridge that integrates hybrid structural components, 
which are composed of a combination of welded stainless steel and carbon steel, used to reinforce 
steel girder ends or their lower sections. Specifically, I-girder ends mainly subject to shear loads are 
our primary focus for corroded sections. This study examines the ultimate shear strength of welded 
steel girders comprised of stainless and carbon steel through load tests and numerical analysis. As 
a result, the ultimate strength of a hybrid girder can be assessed using a design equation for a 
homogeneous girder made of carbon steel by the Basler equation or an ultimate shear strength 
curve for stainless steel plates proposed in previous research in Japan. 

Keywords: Stainless steel; welded steel girder; hybrid structural member; I-girder ends; load test; 
finite element analysis; ultimate shear strength. 

1 Introduction 
The durability of steel bridges poses a significant 
problem due to heavy corrosion throughout their 
lifecycle. Deterioration of steel girder ends, or their 
lower part is caused by water leakage from 
damaged drainage ditches and airborne salt. This 
study considers improving this corrosion problem 
by using high-performance steel. Stainless steel is a 
high-performance alloy with superior corrosion 
resistance compared to carbon steel. By applying 

stainless steel to corroded areas of a steel bridge, 
durability can be substantially improved. 
Substitutions of stainless steel for corroded 
sections are expected to be a cost-effective 
solution, despite a higher material cost of stainless 
steel than carbon steel. 

Our objective is to create a steel bridge that 
integrates hybrid structural components, which are 
composed of a combination of welded stainless 
steel and carbon steel, used to reinforce steel 
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Abstract 
The rapid and effective provision of transitional shelters is of paramount importance in disaster 
response and humanitarian aid efforts. This study focuses on the development of an innovative, 
structurally sound, and economical transitional shelter design in the Philippines using the Design for 
Manufacturing and Assembly (DfMA) concept. Though several existing shelter designs were already 
introduced in the country, these designs raised concerns about their adequacies to withstand 
hazards and constructability. This paper then explored DFMA principles and developed a framework 
as applied in a cold-formed steel-based shelter design to ensure ease in the assembly of the 
components, simplifying the construction, and at the same time achieving structural stability. The 
findings of this study significantly enhance the Philippines' disaster response by improving the 
existing shelters in terms of cost-efficiency, ease of construction, and structural stability. 

Keywords: transitional shelters; design for manufacturing and assembly; cold-formed steel, light 
gauge steel 

1 Introduction 
Transitional shelters are post-disaster shelters built 
to facilitate the transition of the affected 
population by natural disasters to a more durable 
shelter [1]. These shelters are essential in the 
recovery program of the government and 
humanitarian organizations after a calamity as they 
grant safety and discretion, safeguard from 
climate, and promotion of good health to the 
victims of natural disasters [1], [2]. Due to its 
geographical location, the Philippines is a disaster-
prone country constantly hampered by typhoons 
and earthquakes. In 2022, five tropical cyclones 
made landfall causing massive damage to 2.3 
million houses and displacing 8.39 million of the 
population [3]. With these frequent occurrences of 

natural disasters, the provision of shelters for the 
victims is a crucial factor in their recovery, leading 
to the development of shelter design guidelines. 
According to the International Federation of Red 
Cross (IFRC), transitional shelters must be designed 
to minimize the risk of the occupants against 
natural hazards and reusable for other purposes or 
recyclable for reconstruction [4]. These shelters 
could also take several mechanisms of 
construction, which could vary from prefabricated 
structures, flat-packed structures, or a 
combination of different salvaged and donated 
materials constructed by the residence owner [5].  
In the case of the Philippines, two transitional 
shelter designs have been published by IFRC and 
these were constructed through traditional 
methods using conventional materials such as 
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Abstract 
As actions to tackle the impacts of the climate emergency start to gain traction across the industry 
and beyond, reduction of carbon in bridges should be front of mind for bridge engineers. 
Understanding the impacts of our design and construction work is essential to make meaningful 
reductions to the carbon footprint of our structures. The whole life carbon of a bridge is known to 
significantly differ from that of a building structure. A gap in this knowledge was identified across 
the industry throughout the design, construction and operation life cycle stages. This paper reports 
on the journey that was undertaken by Mott MacDonald and how this, along with the learning from 
other consultants helped shape industry-wide guidance via the Net Zero Bridges Group. This work 
enables whole-life carbon reductions in bridges to be integral to all our projects throughout all 
lifecycle stages. 

Keywords: Bridges; carbon footprint; carbon assessment; decarbonisation; sustainability; net zero 

1 Introduction 
The need to decarbonise our infrastructure is well 
understood by this point. This compels the bridge 
engineer to reduce the overall carbon footprint of 
the structure, even if each bridge may only be a 
small percentage of a country’s total infrastructure 
carbon emissions.  

Often engineers are reluctant to admit that they 
can significantly influence the carbon footprint of 
what they design or build. The argument typically 
includes a narrow scope constrained by limited 
funding and the fact that engineers will consider 
their designs to be already structurally efficient. 
This latter aspect is partly driven by reducing costs 
and construction time, but also from an engineer’s 
pride for their work.  

There are many things we as bridge and structural 
engineers can do to influence the carbon footprint 
and other sustainability aspects of the assets we 
design. The key is to engage with the topic, 
undertake your own carbon assessments to 

understand the process and its limitations, identify 
carbon hotspots and think how you can reduce 
these throughout your design whilst still fulfilling 
the client’s requirements. In fact, it is often prudent 
to challenge the brief if a clear easy win from a 
carbon reduction or sustainability perspective can 
be gained.  

2 Carbon Assessments 

2.1 What is a Carbon Assessment and Why 
Are They Important? 

A whole-life carbon assessment (WLCA) is a 
method of estimating the total amount of carbon 
emissions that are produced by a built asset 
throughout its entire lifecycle. [1]  

Forecasting and tracking carbon throughout a 
design is important to inform design decisions. The 
choices that can impact carbon emissions most are 
made at the start of a project. At the concept stage, 
changing the bridge location, bridge form, 
materials, span arrangement or construction 
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As bridge engineers, are we designing efficient structures? 

Gareth T Davies 

Cass Hayward LLP, Chepstow, Wales, UK 

Contact:gareth.davies@casshayward.com 

Abstract 
As bridge engineers we should be designing efficient structures, minimising waste and by default minimising 
carbon emission, but are we?  

The paper will look at how design codes define actions and resistances.  For actions in particular, some 
examples of onerous loading requirements will be discussed and how as engineers – particularly in the 
current climate of reducing carbon emissions – we should be able to challenge some of these requirements. 

Some illustrative examples of plate girder bridges will be considered to demonstrate how different 
interpretation of the design codes can lead to different arrangements of plate thicknesses, stiffeners and 
weld configurations and will explore the impact these may have on fabrication and construction, cost and 
embodied carbon. 

Keywords: bridges; steelwork; concrete; net zero; carbon; design codes, estimate. 

1 Introduction 
As bridge engineers we should be designing 
efficient structures, minimising waste and by 
default minimising carbon emission, but are we? 

At Cass Hayward we have been designing and 
undertaking independent design checking of 
bridges – predominately in the UK - for over 40 
years and have seen a variety of schemes over this 
time period. 

Historically what we would have considered as 
efficient was a design which gave our Contractor 
clients the most competitive solution in a Design 
and Build tender, but is this how efficient bridge 
designs should be measured?   

This leads to the title of the paper – What is an 
efficient bridge design? 

Different roles (Clients, Developers, Asset 
Managers, Contractors, Designers) may consider 
this question and come up with a range of answers 
see Figure 1.  

This paper will explore the question by considering 
if our Codes of Practice for loadings are becoming 
too onerous or conservative; and looking at a 
simple bridge design with varying properties to 
measure some of the key metrics noted above. 

2 Are our Codes of Practice too 
onerous? 

2.1 Role of Independent Design Checker 

For Highway and Rail Design in the UK, the role of 
the independent checker is defined in the 
appropriate Engineering Assurance documents [1] 
& [2] and is predominately a check that the 
designer has provided a structure which is strong 
enough to carry the loads over the road/ railway / 
river etc. and is compliant with standards. 

However, the scope of the checker is not to advise 
on elements which are “over designed” but to 
confirm “if it works”.  Examples of such scenarios 
are noted in Table 1. 
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A Broadened Approach to the Environmental Assessment in Bridge 
Design 
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Abstract 
The construction industry must cut its carbon footprint significantly and therefore needs to widen 
its performance indicators like safety, reliability, availability, and economy by environmental 
aspects. There are numerous challenges to an objective comparison of bridge design alternatives 
based on environmental considerations. In addition to the considerable uncertainties in the Global 
Warming Potential of construction materials the question of setting adequate boundaries for the 
environmental assessment must be addressed. The aim of the present case study of a typical 
overpass above a motorway is to illustrate the importance of the interaction between the structural 
design choices, such as the placement of an intermediate support, and their consequences for 
traffic. An objective environmental evaluation of bridge design choices must consider both aspects. 
The importance of such a broadened approach shall be highlighted in the present study. 

Keywords: bridges; environmental assessment; global warming potential; uncertainties; traffic 
simulation; life cycle analysis. 

1 Introduction 
The Austrian Institute of Technology (AIT) strives to 
be a leading research and technology organisation 
at the highest international level for 
infrastructures, with the vision to successfully 
address the grand challenges and transformations 
and thus drive the transformation towards a 
sustainable and future-proof world. The 
construction industry is responsible for 
approximately 50-60% of the global resource 
consumption and with a share of 53 % it is also the 
main source of worldwide greenhouse gas 
emissions, with 12 % contributed by infrastructural 
constructions such as bridges [1]. Therefore, it is 
one of the central goals of AIT’s Unit for 
Transportation Infrastructure Technologies to 
guide the construction industry towards a design 

and planning process, which incorporates in 
addition to traditional performance indicators such 
as safety, reliability, availability, and economy also 
the hitherto not always duly considered 
environmental aspects. 

Despite the fact, that the standardization of 
Environmental Product Declarations (EPDs) in the 
EN 15804 [2] contributed significantly to more 
objective assessment procedures for 
environmental impact, still significant challenges 
remain to be solved. In a previous study, focusing 
on the Global Warming Potential (GWP) of the 
main construction materials used in bridge design, 
we already observed, that the differences between 
EPDs can be significant [3]. Choosing one single 
value to represent the environmental impact of a 
material may therefore be misleading, especially 
since due to the procurement procedures typically 
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Reuse of cast-in-place concrete slabs in new structures 
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Abstract 
This paper presents the approach of reusing existing concrete slabs in new constructions as a 
method to vastly reduce the environmental footprint of building structures. The general method 
including structural challenges are described concerning the reused slabs and their needed 
substructure. A life-cycle-assessment is conducted, stating that the reusage of concrete slab 
elements is potentially climate- and resource-neutral. The LCA-comparison between a conventional 
layout design and a design implementing reused concrete slabs shows a reduction of 27% and 32% 
of carbon and material footprint, respectively. 

Keywords: urban mining; reuse; life-cycle-assessment; circular economy; global warming potential; 
total material requirement 

1 Introduction 
As the recycling of cement is technically not 
feasible today, the CO2- and resource-intensive 
production of cement from raw materials precedes 
the manufacturing of any sort of concrete. The 
piecewise reuse of complete components 
therefore presents a unique possibility for an 
almost climate- and resource-neutral supply of 
structural concrete elements, as almost only 
energy resources are needed during the 
manufacturing process. In contrast to the 
conventional demolition, this urban mining 
approach demands a selective dismantling of 
building structures, followed by extracting and 
potentially repairing the reclaimed concrete 
elements. Due to the relative structural simplicity 
and the abundance in concrete structures, the 

reuse of cast-in-place concrete slabs seems feasible 
and would have significant ecological benefits. To 
implement these often 50-year-old elements into 
new structures, the reused concrete slabs need to 
satisfy the ultimate limit state (ULS) criteria of 
today’s industry standards and frameworks. 
Additionally, a substructure of newly produced 
elements needs to be designed, allowing for an 
easy reinstallation of the slabs. This paper presents 
a method for implementing reused cast-in-place 
concrete slabs in new structural design. Besides 
identifying significant factors concerning the 
properties and the ultimate limit state of reused 
slabs, the necessary substructure of conventionally 
produced elements will be described based on a 
generic layout design. A life-cycle-assessment (LCA) 
will be conducted using the software GaBi to 
identify the environmental benefits of reusing 
concrete slabs in new structures. 



 https://doi.org/10.2749/manchester.2024.0647
Distributed by 647

IABSE Symposium Manchester 2024 
Construction’s Role for a World in Emergency 
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Figure 1. Uithoornlijn after construction 

Abstract 
The Uithoornlijn project involves the construction of a concrete pavement for buses with tram tracks, with a 
focus on achieving low CO2 emissions during construction. The largest share of emissions comes from cement 
production for the concrete. Through smart reduction in cement usage and the incorporation of various 
substitutions, the CO2 emissions have been reduced to approximately 1,400 tons. 

The sustainable concrete mix requires attention to the slow strength development, especially in cold 
conditions. Insulating the concrete after placement helps retain heat and stimulate strength development. 
Sufficient time is allowed between pouring and loading the structure, and a maturity-strength relationship is 
established to manage this process. Risk management measures, such as adding additional dilations, are 
implemented to prevent damage from frost-thaw cycles and dilatation issues. 

Using sustainable concrete mix yields substantial sustainability benefits and contributes to environmental 
goals. The project focuses on an optimized mix to reduce CO2 emissions without compromising the 
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construction quality. With a well-thought-out plan and risk management, the construction can be successfully 
executed, making a positive impact on the environment and enhancing the project's sustainability ambition. 

Keywords: Infrastructure, sustainability, alternative binders, construction, lightrail, urban, public 
transport, concrete, technology.     
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Abstract 
The remaining lifetime of concrete structures subjected to chloride-induced corrosion has been 
studied in many papers. However, few studies so far consider explicitly experiences from case 
studies, jointly several corrosion mechanisms and a system perspective. This paper introduces a 
methodology to evaluate the time-dependent system reliability for concrete bridges subjected to 
reinforcement corrosion. Here, both chloride and carbonation induced corrosion is jointly 
considered building upon the thermodynamic conditions for corrosion. The corrosion propagation 
is modelled with a structural system reliability analysis where different structural system models for 
repair and replacement consequences are developed. The developed approaches and models are 
applied to a bridge case study and the service life extension is quantified. 

Keywords: Reinforced concrete bridges; over-time reliability; chloride-induced corrosion; system 
modelling.

1 Introduction 
Concrete bridges are essential components of 
transportation networks, providing fundamental 
links for the movement of people and goods. The 
consequences of their collapse are always high and 
include both direct costs, related to structural 
rebuilding and human lives lost, as well as indirect 
costs such as disruptions in the transportation of 
essential raw materials and inconveniences for the 
general population. Despite their relevance, a 
significant proportion of bridge structures in Italy, 
as well as in numerous other countries worldwide, 
exhibit varying degrees of deterioration, primarily 
attributed to their age together with the lack of 
consistent maintenance over time and are close to 
the end of their designated lifetime [1,2]. However, 
efforts should be devoted in prolonging their 
service life for sustainability and economic 
efficiency. In this approach, level 1 verifications, 
involving the partial factor method, are proved to 
be inadequate due to the inherent limitations of 
such a generalized assessment approach, but given 

their easy-to-be-applied procedure, they can be 
adopted as an initial step aided at the identification 
of the less secure elements within a structure. 
Instead, Level 3 methods, encompassing full 
probabilistic calculations, appear to be more 
adequate to achieve a more accurate structural 
safety evaluation. This approach leads to the 
computation of the reliability index and, generally, 
allows the incorporation of supplementary 
information such as inspection outcomes, material 
tests, monitoring data, and more. Furthermore, it 
accommodates the integration of degradation 
models and the explicit consideration of the time 
variable. Many authors [3–5] have explored the 
reliability assessment of reinforced concrete 
structures facing corrosion degradation. Typically, 
these studies separately focus on degradation due 
to chlorides or carbonation. In the case of chloride-
induced corrosion, they examine the diffusion 
process of chlorides as the sole trigger for 
corrosion, determining the time it takes for 
corrosion to initiate. This information is then used 
to predict the development of corrosion and the 
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Bristol Temple Meads Railway Station roof refurbishment project 
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Abstract 
This paper focuses on the Bristol Temple Meads station roof refurbishment project, which involves 
metalwork repairs, painting and re-glazing of the main shed and canopies in this Historic England 
Grade I Listed Building. The project is presented from a designer’s point of view.  

The paper focuses on lessons learnt by the design team that could be applied to similar future 
refurbishment projects. 

Keywords: roof refurbishment, historic building, heritage, repairs, structural assessment, defects, 
analysis, tie bars, forge weld, Non-destructive testing (NDT). 

1 Introduction 
The Bristol Temple Quarter project will transform 
over 130 hectares of brownfield land over the next 
25 years into a series of thriving, well-connected 
mixed-use communities.  

The regeneration builds on the UN’s Sustainable 
Development Goals to put low-carbon, climate-
friendly homes, jobs, and opportunities at the 
heart of the city, alongside new green spaces.[1] 

The Bristol Rail Regeneration Programme is closely 
linked to the above project. This programme 
includes projects that are closely related to the 
Bristol Temple Meads (BTM) station: refurbishing 
the station roof, improving reliability and efficiency 
of the station’s electrical system, constructing new 
station entrances, and improving passenger 
facilities. [2] Network Rail (NR) has also upgraded 
the track and signalling at Bristol East Junction. 

A refurbished BTM will build on its role as the 
region’s largest transport hub. Work will preserve 
the heritage of this historic station while creating a 

gateway to Bristol and the West of England fit for 
the 21st century. [1] 

This paper describes how the designers addressed 
various challenges on the Bristol Temple Meads 
station roof refurbishment (BTMRR) project. These 
include how their analysis reduced the capital 
carbon of the refurbishment, how the design team 
addressed the potential presence of latent defects 
in critical structural components of the arched roof, 
and how the collaborative approach of designer, 
contractor, client project team and client asset 
manager contributed to an efficient design 
process.  

2 Project introduction 
Bristol Temple Meads station is a Grade I listed 
structure owned by NR. Main areas of the station 
are on Figure 1. The last refurbishment was in the 
early 1990’s.  

The BTMRR project involves metallic and 
woodwork repairs, painting and the complete re-
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Abstract 
In this study specimens cut from intermediate timber floor beams that have been in service for 
more than 120 years were tested. The objective of this paper is to determine the strength 
characteristics and stiffness modulus of old wood and examine relationships between different 
properties. Experimental tests for determining the mechanical properties in bending have been 
carried out in short-term static loading. Also shear strength and compression strength 
perpendicular to the fiber direction was determined by tests. It is concluded that the modulus of 
elasticity of wood during long-term service under load decreases faster than the strength 
properties. When evaluating the relationship between wood strength and stiffness properties, a 
weak correlation was found between bending strength and modulus of elasticity. As well as other 
properties (density, moisture content etc.) didn’t show any remarkable correlation significance. 

Keywords: strength of old wood; bending strength/ modulus of rupture; modulus of elasticity; 
compression strength perpendicular to grain, shear strength. 

1 Introduction 
Adequate selection of the characteristics of the 
mechanical properties of wood is always a highly 
responsible task for an engineer performing a 
technical survey of historical wooden building 
structures with the aim of assessing their 
suitability for future use. Experimental destructive 
methods give the most reliable results, however 
they are expensive and time-consuming. 
Moreover, often it is complicated to get sufficient 
number of specimens from existing structures.  

Nowadays some non-destructive methods are 
developed for assessment of mechanical 
properties of timber. For example, resistographic 
method when density of timber is measured 
basing on power consumption in electronic drilling 
device. Using density measurements strength of 
wood may be determined by known correlation 

equations strength versus density. For old wood it 
is doubtful suggestion as correlation between 
wood properties may be moderate or weak.    

In many cases it is expected to extend service life 
of structures due to its importance from an 
architectural point of view. Then question arises, 
how much is residual strength of old wood? Are 
the relationships defined for new wood still valid 
in existing structures after long-term use under 
load? 

The aim of this work is to examine the physical 
and mechanical properties (density, bending 
strength, modulus of elasticity, shear and 
compression perpendicular to fiber direction), as 
well as to prove the relationships between some 
properties for old wood that has actually served in 
structures of building much more longer than the 
intended time, nevertheless not degraded by 
decay or insects .  
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Abstract 
This paper presents an investigation on the shear strengthening of steel I-beams with carbon fiber-
reinforced polymer (CFRP) materials, particularly using SikaWrap® - 600, and its bonding with steel 
surfaces using epoxy Sikardur® - 300. Six CFRP installation configurations were tested on a 6” x 3” 
recycled S235 I-beam (1.3 m) under four-point bending. Configurations consisted of bonding CFRP 
wrap to the web only, to the web and radii of the beam, and wrapped all around the beam in both 
a vertical and diagonal orientation. 

Vertical and diagonal orientation configurations increase the shear area of the web of the steel 
section by 140 mm2 and 170 mm2, respectively. It was shown that 1.2 mm CFRP strengthening 
material has the potential for enhancing shear strength at yield by a minimum of 21.42% (for 
configuration 1) and up to a maximum of 37.5% (for configuration 4). This upper limit enhancement 
would be equivalent to welding a 2.8 mm S275 steel plate using EN 1993-1-1:2006 guidelines. 

Keywords: CFRP Shear Strengthening; Retrofitting; Load-Carrying Capacity; Bond Behaviour, Failure 
Mechanisms. 

1 Introduction 
Typically, within any relatively modern building or 
structure, I-beams will be used as the structural 
steel. However, if further reinforcement within an 
existing structure is required, be it due to material 
fatigue or additional loading requirements, 
additional steel plates may be welded to the beam 
to enhance strength and stiffness. This not only 
presents practical installation difficulties but also 
can induce tensile residual stresses which may 
weaken the fatigue performance of the section [1].   

Shear failure typically occurs when the shear force 
exceeds the shear capacity of the beam. The aim of 
this study is to explore the possibilities offered by 
the application of externally bonded carbon fibre 
reinforced polymer composites (CFRP) as an 
alternative means of strengthening I-beams in 
shear. This approach may be preferable when 

shear strengthening is required within locations 
where welding which produces heat, sparks, and 
gases is prohibited or not advisable due to safety 
risks. However, CFRP comes with its own 
drawbacks, such as cost implication and time 
required to achieve full strength which may also be 
an issue. Despite this, the use of CFRP composites 
for shear strengthening I-beams may have 
additional benefits given that CFRP materials are 
lightweight, corrosion-resistant, and have excellent 
durability. These properties make them attractive 
for retrofitting existing structures without 
significantly increasing the overall weight or 
compromising the long-term performance of the 
reinforced elements [2]. 

The study aims to contribute to the body of 
knowledge regarding alternative methods for 
structural reinforcement and provide insights into 
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Abstract 
The USA has a very significant stock of existing steel buildings that were built before modern design 
provisions were incorporated into design codes for seismic and hurricane actions.  Until about 10 
years ago, evaluation and retrofit of structures were based on two documents: (1) ASCE 31 Seismic 
Evaluation of Existing Buildings, and (2) ASCE 41 Seismic Rehabilitation of Existing Buildings. Over 
the past decade, efforts have been made to (1) unify the evaluation and retrofit processes into a 
single  document,  with  the  ASCE  41  edition  from  2017  mostly  completing  this  task;  and,  (2) 
separating  loading  requirements,  to  be  kept  within  a  new  ASCE  41,  and  material‐specific 
evaluation/retrofit provisions, to be developed for different construction materials by professional 
associations.  As  a  result,  AISC  has  recently  published  ANSI/AISC  342‐22  Seismic  Provisions  for 
Evaluation and Retrofit of Existing Structural Steel Buildings to supplement the 2023 edition of ASCE 
41. This document applies to metal buildings, particularly steel ones but includes composite, cast
iron, and wrought  iron elements.   To aid  in this task, a new edition of the AISC Design Guide 15:
Assessment and Repair of Structural Steel  in Existing Buildings will be published soon.   The paper
and presentation will first give some context for the development of the Provisions, and then discuss
significant changes, including, to name a few: (1) updates to the condition assessment process and
its  testing  requirement;  (2) conditions under which default material properties can be used;  (3)
factors for expected material yield/ultimate strength for different eras; (4) definitions of simplified
force‐deformation curves  for  force‐ and deformation‐controlled elements; and  (5) performance‐
based design parameters.

Keywords:  Existing  structures,  rehabilitation,  seismic  design,  steel  structures,  steel‐concrete 
composite structure 
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Abstract 
An intermediate floor has been added to an existing 10 storied office reinforced concrete building 
in a busy city centre by jacking up the last two top floors by 3.6m. This solution was proposed as an 
alternative to the demolition of the roof and the building bottom up of the new floors which has 
allowed to significantly reduce the environmental impact of the project. Perimetral restraints have 
been installed to guide the structure during jacking and provide stability against wind loads. Jacking 
has been carried out with primary jacks installed in the axis of all building columns and secondary 
jacks installed on steel clamps working in friction and prestressed against the columns. Relative 
vertical movements between the columns have been controlled by a combined use of a synchro-
pump and a laser-based monitoring system following the progress of the lifting.  

Keywords: additional floor, jacking, environmental impact, clamps, friction, laser monitoring 
system. 

1 Introduction 
An intermediate floor has been added to an 
existing 10 storied office reinforced concrete 
building in a busy city centre by jacking up the last 
two top floors by 3.6m.  

This solution was proposed by Freyssinet as an 
alternative to the demolition of the roof and the 
building bottom up of the new floors which has 
allowed to significantly reduce the environmental 
impact of the project. 

As preliminary operations, the last two floors (n.9-
10) have been laterally restrained by six radial
restraints anchored on floor n.8 and then
disconnected from the lift shafts. Two radial
restraints anchored to the lift shafts have been
then added along the disconnected edge.

Jacking has been carried out with primary jacks 
installed in the axis of all building columns. Steel 

clamps working in friction and prestressed against 
the column by PT bars have been installed below 
and above the column portion to be cut and 
removed for allowing the installation of the 
primary jack. Secondary jacks have been installed 
between the two levels of clamps for unloading the 
column before cutting.  

The lifting has been carried out by a sequence of 
jack extensions and contractions intercalated with 
steel support insertions and bracing installation. 
Relative vertical movements between the columns 
had to be maintained below the limit of 2mm and 
this was achieved by a combined use of a synchro-
pump and a laser-based monitoring system 
following the progress of the lifting. 

During the vertical movement, a system of radial 
jacks sliding against the lateral restraints ensured 
that all restraints remained engaged (even in storm 
condition) to maximise the horizontal stiffness of 
the restraint system. 
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Reconstruction of a Ukrainian road bridge by use of 3D printed 
minimass beams

is an open “truss type” concrete and steel beam which creates stiffness and strength 

years’ service

–
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Abstract 
In light of the climate crisis, it is important to be able to evaluate both embodied and operational 
carbon quickly and accurately to ensure the best overall decisions are made. This contribution will 
focus on the use of digital design tools to guide the former, by rapidly identifying the unavoidable 
embodied carbon associated with the construction of bridges. Practical design tools are introduced 
in web-app form (LayOpt:BRIDGE) and as a plugin to the Rhino/Grasshopper parametric modelling 
ecosystem (Peregrine), each giving results in just a few seconds. The speed of these methods 
facilitates exploration of different sites or materials. The results provide an absolute lower bound 
on the embodied carbon required, allowing evaluation of the extent to which it is theoretically 
possible for a given development to be advantageous. Additionally, the benchmark results obtained 
can be used both qualitatively and quantitatively to inform proposed designs. 

Keywords: Optimization; Bridge design; Embodied Carbon. 

1 Introduction 
The embodied carbon associated with the 
construction of bridges and other structures is a 
particularly hard-to-decarbonise aspect of 
achieving net-zero in the built environment. In the 
UK, it has been suggested that reductions of 20% in 
material usage are required through improvements 
in structural design efficiency [1], such as using 
optimized structural forms.  

The highest potential for influencing the embodied 
carbon of a project is at the earliest stages of 
design, where there is most freedom.  As decisions 
become fixed, the possible level of influence 
decreases, as illustrated in Figure 1. Thus, it is 
prudent to focus attention on tools that can be 
used before an initial concept has been fixed. 

Figure 1 - Changes in the potential level of 
influence and project costs over time (after [2]) 



 https://doi.org/10.2749/manchester.2024.0724
Distributed by 724

IABSE Symposium Manchester 2024 
Construction’s Role for a World in Emergency 

 

Application of Carbon Fibre Reinforced Polymer Cable in Extradosed 
Bridge 

Li Dong, Peng Feng 
Department of Civil Engineering, Tsinghua University, Beijing, China 

Yu Wang 

School of Civil Engineering, Chongqing Jiaotong University, Chongqing, China 

Contact: fengpeng@tsinghua.edu.cn 

Abstract 
The extradosed bridge is defined as the structure between the girder and cable-stayed bridges. 
Carbon fibre reinforced polymer (CFRP) cables are favoured over steel cables due to their lower 
weight, higher strength, and reduced thermal expansion ratio, rendering them suitable for shorter 
tower structures. A comparative design study involving the replacement of steel cables and 
concrete girders with CFRP cables and steel girders in a 220m span extradosed bridge reveals that 
the cables bear most of the vertical loads. Proper implementation of CFRP cables reduces 
nonlinear effects and main girder stresses, increases deflection and vibration period, and mitigates 
the adverse impact of temperature load. This study offers a novel application of CFRP cables in an 
extradosed cable-stayed bridge, providing economic and environmental benefits, expedited 
construction, and enhanced structural performance. 

Keywords: CFRP cable; extradosed bridge; structural performance; cost; carbon emission. 

1 Introduction 
Due to constraints in material properties and 
construction ability, bridges often utilize cables to 
enhance their spanning capacity[1][2]. Extradosed 
bridges, serving as a structural system 
intermediate to continuous girder bridges and 
cable-stayed bridges, are designed to provide 
higher levels of external prestressing than 
continuous girder bridges, along with pylons of 
lower height compared to typical cable-stayed 
bridges. Extradosed bridges leverage the benefits 
of variable-height continuous girders, and cable 
supports to extend concrete bridge spans to over 
200 meters. 

The lower height of the pylons in a structural 
system akin to a cable-stayed bridge leads to 
increased axial pressure on the main girders[3]. 
This requires more material to be used in the main 
girders to withstand it, resulting in a further 
increase in deadweight. Moreover, the larger 
nonlinear effect of longer cables with smaller 
horizontal angles also reduces the efficiency of 
force transmission. Concrete girders are typically 
constructed using cantilever casting, a method 
that demands longer construction time and entails 
higher risks. The consolidation of pylons and 
girders commonly employed in extradosed cable-
stayed bridges enhances structural stiffness and 
mitigates construction challenges. However, it 
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Abstract 
The city of Rotterdam in the Netherlands has been involved in the North West European Interreg 
URBCON program. This program includes the development of geopolymer concrete based on the 
client demands and the application in demonstration projects. Rotterdam acts as client willing to 
tender for a geopolymer concrete bridge including recycled concrete aggregates. A major difficulty 
is that the newly developed material has no track record, there is no tendering and building 
experience and the existing framework (i.e. EC2) is not formally applicable. 

This paper shows the interesting observations and the learnings from the client’s point of view, 
based on being part of the URBCON program and the actual design, tendering process and 
realisation of the geopolymer concrete bridge. 

Keywords: geopolymer, concrete, bridge, decks, client, upscaling, tests, tendering, contract, 
contractor, supplier. 

1 Introduction 
The city of Rotterdam is a local governmental 
organization. A major task is to develop and 
maintain infrastructures (e.g. transportation, 
sewers, water barriers) and buildings which involve 
concrete. The tasks should obey political 
ambitions, including the reduction of CO2e 
(equivalent) exhausts and usage of raw material 
resources. 

The Interreg project URBCON (2019 – 2023) serves 
the goal to reduce CO2 (equivalents) production 
and limiting usage of raw material resources in the 
process to create concrete. Rotterdam participates 
in this project to include the role of clients.  

On the one hand there is the development of 
concrete types without (or limited use of) Ordinary 
Portland Cements (OPC) by use of Alkali Activated 
Materials (Geopolymer Concrete, GPC) and the use 
of a considerable amount of secondary (mined) raw 
materials like sands and aggregates. On the other 
hand, the society is willing to use these new types 
of concrete. Clients evidently play an important 
role as launching customer and acceptance of 
these developments.   

Research projects on new concrete developments 
have several scales, from molecular, nano, micro to 
macro levels. From the client’s perspective projects 
involve design, funding, verification, tendering, 
procurement, permits, project management, 
construction, usage, maintenance, etc.  
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Abstract 
For decades, concrete structures have been constructed using cementitious materials using 
conventional methods through formworks (either cast-in-place or precast). Concrete with 
sufficient slump is needed to fill up the formwork. This approach results in significant material 
wastage (placing materials in locations where stresses are low or very low) and increases carbon 
footprint. Additive construction provides unique opportunities to build form-free structural 
elements with complex geometry, enabling topology and structural optimization. This paper 
presents (1) an introduction to topologically optimized compression-only (C-only) structures; (2) 
the development of concrete mixes for additive construction; (3) an explanation of the additive 
construction process and equipment used to develop 3D-printed C-only structures; and (4) 
preliminary results of the 3D-printed C-only structures. 

Keywords: Additive Construction; Topology Optimization; Lower Embodied Carbon; Cementitious 
Materials   

1 Introduction 
Topology optimization is a method of optimizing 
geometries using algorithmic models to optimize 
material usage and layout within a user-defined 
space for a given set of loads, conditions, and 
constraints [1]. Topology Optimization maximizes 
design performance and efficiency by removing 
redundant material from areas that do not carry 
significant loads. Topology optimization is used for 
weight reduction and design challenge solutions 
for problems like reducing resonance and thermal 
stresses. The use of topology optimization 
magnifies the performance of structures and 
minimizes the amount of material used. Topology-
optimized beams are known to perform better 
than traditional low-weight beam designs. 
Common topology optimization methods include 
homogenization [2], evolutionary structural 
optimizations (ESO) [3], sequential element 

rejections and admissions (SERA) [4], and solid 
isotropic materials with penalization (SIMP) [5]. 
Structural elements designed using these topology 
optimization methods are commonly constructed 
using conventional construction techniques (cast-
in-place as opposed to additive construction) 
which limit their use in construction due to 
complex forming. Additive construction used as a 
form-free method of application, provides unique 
opportunities for topologically optimized 
structures and forms. 

Unlike conventional construction, equipment for 
additive construction is technologically advanced 
to allow for accurate and precise deposition of 3D-
printed concrete in continuous filaments and 
layers with the desired dimensions and rheology. 
Automated systems for additive construction 
include precise concrete mixers capable of 
proportionally mixing concrete ingredients 
promptly. The developed 3D-printed mixtures are 
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Abstract 
With the continuous acceleration of urbanization, the development of underground space is 
becoming more and more widespread. In response to the high cost of underground engineering in 
soft soil foundation complexes, engineering designers have proposed a design concept of combining 
the temporary support system for excavations during the construction phase with the permanent 
and temporary main structural system during the use phase. This paper introduces the composition 
of the permanent and temporary combination system of the pile foundation engineering of the soft 
soil foundation complex and the selection and design method of the permanent and temporary 
combination pile foundation, determines the joint design criteria of the temporary column pile and 
the permanent engineering pile of the foundation pit, and carries out the joint selection, joint layout 
and pile body design of the pile foundation. Taking the X102 plot complex project of Shanghai West 
Railway Station as an example, this paper summarizes the permanent and temporary combination 
of pile foundation, which can be used as a reference for similar projects. Engineering practice has 
proved that the permanent-temporary combination of pile foundation in underground engineering 
of soft soil foundation complex can greatly reduce the engineering cost and meet the social demand 
of energy saving and carbon reduction. 

Keywords: soft soil foundation site；pile type selection ；excavation column pile ；pile foundation 
layout ；permanent-temporary synthesis 

1 Introduction 
In the process of underground space development 
of urban complex projects, soft soil foundation 
cities are facing the challenges of deep foundation 
and deep foundation pit design and construction 
technology. In order to shorten the construction 

period, reduce the project cost and protect the 
surrounding environment, the reverse 
construction method is often used in underground 
engineering [ 2,3,9 ], that is, the horizontal support 
of the foundation pit in the construction stage is 
combined with the horizontal floor of the main 
structure in the use stage, and the vertical support 
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Abstract 
 Special concentrically braced frames (SCBFs) have been used in lateral load-resisting systems over 
the last decades. SCBFs are designed to provide significant inelastic deformation capacity primarily 
through tensile yielding and compression buckling. Even though SCBFs satisfy design requirements 
for life safety, they sustain high levels of damage which results in economic losses due to the need 
for replacement. This paper proposes a new concept that focuses on concentrating the damage due 
to tensile yielding and inelastic buckling in a segment of the brace (fuse) while protecting the rest 
of the brace. This concept enables repairability after high-level seismic excitation by replacing the 
damaged fuse. The replaceable/recycled fuses are additively manufactured to achieve desired 
ductility through optimised geometry. The paper includes a description of numerical results from a 
small-scale specimen tested under cyclic protocol load. 

Keywords: concentric braced frames; seismic; repair; deconstruction; additive manufacturing. 

1 Introduction 
Special concentrically braced frames (SCBFs) 
represent a distinctive category within the broader 
class of concentrically braced frames (CBF). These 
frames are designed as a seismic force-resisting 
system, specifically engineered to counteract 
lateral forces induced by seismic events 
(earthquakes). SCBFs meet both the serviceability 
and strength limit states. In severe events of 
earthquakes, SCBFs dissipate seismic energy 
through yielding in tension, in-elastic buckling in 
compression, and fracture from low-cycle fatigue, 
as shown in Figure 1. Moreover, the damage is 
irreparable, leading to the building's instability and 
a longer downtime after major seismic events [1].  

Researchers over the last few decades have 
developed devices and structural systems to 
minimize damage or even fully protect structures 
during extreme seismic events. Such technologies 

include seismic isolation [2], passive and semi-
active damping devices [3], rocking/self-centring 

Figure 1. Inelastic brace buckling failure [1] 
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Abstract 
Self-healing in concrete is a popular and developing topic, which utilizes both biotic and abiotic 
mechanisms to close micro-cracks. Nano additives such as carbon nanotubes (CNT) improve the 
cement material’s resistance to cracks but could also influence the survivability of microorganisms 
in concrete. A combination of CNT and calcium carbonate precipitating bacteria might lead to both 
improvement of concrete’s durability and provide self-healing properties, while increasing the 
survivability of the microorganisms in the environment of the cement-based material. The 
presented research focuses on preliminary tests of the influence of the Bacillus sphaericus bacteria 
and low addition of CNT on the cement mortar’s strength and survivability of microorganisms in the 
environment of cement matrix. Strength tests and biotic control were performed to provide data to 
modify the mix for further tests concerning mechanical properties and survival of microorganisms.  

Keywords: cement mortars; self-healing; carbon nanotubes; Bacillus sphaericus; cementitious 
composite. 

1 Introduction 
Concrete is the most popular construction material 
in the world and the questions of its durability, 
deterioration and sustainability are important 
considerations for advanced, modern materials. 
One of the important and developing strategies for 
increasing the durability of concrete structures is 
the usage of self-healing materials which utilize 
various techniques to counteract cracks and minor 
damage that can occur during the life cycle of a 
concrete structure. Damage of the concrete matrix 

is unavoidable on the micro level due to 
mechanical and non-mechanical factors including 
thermal effects, shrinkage and corrosion. These 
cracks, even if their influence on bearing capacity 
might not be substantial, reduce the durability of 
concrete by allowing the ingress of various 
corrosive media, reducing its longevity. Self-healing 
materials approach this problem by providing 
intrinsic or autogenous mechanisms that 
counteract micro-cracks appearing during the life 
cycle of a structure. 
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Abstract 
This paper contributes to the understanding and prediction of the corrosion condition of steel in 
reinforced concrete structures while proposing solutions to reduce both financial and ecological 
costs associated with their maintenance. It presents a comprehensive tool and methodology for 
predicting maintenance and repair in maritime structures and bridges that are exposed to 
carbonation and chloride ingress. The tool incorporates various resources, including numerical and 
analytic models, as well as an experimental results database based on existing literature. This 
database facilitates the conversion of composition parameters into input parameters for the 
durability models. The application of this tool is demonstrated on a maritime structure in this paper. 
Deterministic and probabilistic predictions using the Monte Carlo method are utilized to determine 
the optimal time for inspection and maintenance operations.  

Keywords: Reinforced concrete; Corrosion; Carbonation; Chloride ions ingress; Modelling; 
Experimental results database; Probabilistic approach.  

1 Introduction 
The maintenance and repair of civil engineering 
and maritime reinforced concrete structures pose 
significant challenges for project owners. One of 
the main causes of failure in these structures is the 
corrosion of steel reinforcements [1]. This 
corrosion process is typically divided into two 
stages: initiation and propagation [2]. The concrete 
that surrounds the steel reinforcement has a high 
pH value, typically above 13 for traditional 

concrete [3]. This alkaline environment ensures 
that the steel remains in a passivated state, which 
protects it from corrosion (pH > 9, Pourbaix 
diagram [4]). The initiation phase of corrosion 
occurs when aggressive species penetrate the 
concrete and alter its cementitious matrix. These 
substances can cause depassivation of the steel 
when they reach the vicinity of the reinforcement, 
leading to the propagation of corrosion. 

Chloride ion penetration and carbonation are the 
two main factors responsible for the initiation of 
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Abstract 
The all-steel structure has the advantages of small size and small number of vertical components, 
and the all-steel structure can realize more spacious apartment types and flexible building space. 
The steel structure members of the all-steel residential tower need to the use of paint or other 
methods to meet the requirements of safety, durability and aesthetics. In the aspect of safety, the 
fire-resistant time of steel structure members is improved by fire-resistant coating. Based on the 
engineering background of the all-steel residential tower, this paper discusses several reasonable 
and feasible alternatives of the integrated coating system for steel structure members, and further 
expounds the selection of the coating scheme and the main design points. At the end of the paper, 
a 100m and a 150m all-steel residential tower are taken as examples to introduce how to apply the 
integrated thinking to the selection and design of the coating system, indicating that the integrated 
coating design can better meet the safety, durability and aesthetic requirements of the all-steel 
residential tower structural system. 

Keywords: All-steel residential tower, integrated painting design, steel structure fire protection 
design, steel structure anti-corrosion design, steel structure appearance design 

1 Introduction 
The all-steel structure has the advantages of small 
size and small number of vertical components, and 
the all-steel structure can realize more spacious 
apartment types and flexible building space. The 
steel structure members of the all-steel residential 
tower need to the use of paint or other methods to 
meet the requirements of safety, durability and 
aesthetics. In the aspect of safety, the fire-resistant 
time of steel structure members is improved by 

fire-resistant coating. Durability through anti-
corrosion coating to resist the corrosion of steel 
plates, especially outdoor, underground and wet 
parts; Aesthetically, the coating system needs to 
meet the smallest possible thickness, a flat dense 
surface and a tight fit with steel structure 
members. At present, the current fire protection 
design code of the construction industry, steel 
structure design code for fire protection and anti-
corrosion single-function coating has given more 
clear technical requirements, in addition to the 
appearance of exposed steel structure 
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Abstract 
This paper presents electric curing of concrete as an effective thermal application method, 
facilitating the continuous construction of concrete structures during cold weather. Concrete 
specimens were cast and cured at -15°C for 48 hours, followed by air curing at 20°C. Voltage was 
applied to the specimens at an early stage to maintain their temperature above the freezing point 
for the initial 48 hours after mixing while stored at -15°C. The compressive strength of specimens 
was measured at a 7-day age. Results show that electric curing can linearly increase the temperature 
of conductive concrete. Additionally, it is demonstrated that a temperature controller can be used 
to maintain the concrete temperature at a desired level (target temperature) throughout the curing 
period. The study concludes that electric curing effectively prevents frost damage in conductive 
concrete, even at temperatures as low as -15°C. 

Keywords: Conductive concrete, frost damage, electric curing, cold weather concrete 

1 Introduction 
Concrete is cured by maintaining specific moisture 
and temperature conditions to develop the desired 
mechanical and durability properties [1]. One key 
factor in this process is the ambient conditions. The 
weather greatly affects the curing process; the 
preferred temperature is between 10°C to 30°C [2]. 
In addition, curing slows down and nearly stops 
when the temperature is below 0°C. Cold weather 
condition is defined when the average daily 
temperature for more than three consecutive days 
drops below 5°C, according to the American 
Concrete Institute (ACI) [3]. For cold regions, 
concrete curing requires extra caution since it is 
prone to frost damage. If water in the fresh 
concrete mixture freezes prior to the development 
of adequate strength, cracks form and lead to long-

term mechanical and durability issues. Using cold-
weather admixtures, external heating, or insulated 
blankets are common measures to prevent frost 
damage. It is also important to monitor the 
concrete at an early age to check for deformations 
or any signs of freezing [4]. One way to prevent 
frost damage to fresh concrete is to accelerate 
curing or maintain the temperature of concrete 
above 5°C through thermal applications until 
concrete achieves sufficient strength.  

Electrical resistivity of concrete ranges between 
105 (for wet concrete) to 1012 ohm-mm for dry 
concrete. This led to dry concrete to act as an 
insulator [5]. Innovations have led to the 
development of electrically conductive concrete 
(ECC) where conductive materials are added so a 
continuous current flow network is formed [6]. 
Some common applications of ECC include de-icing 
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Abstract 
Japanese metropolitan railway stations experience high user traffic and demand efficient, space-
saving construction methods. In particular, providing foundations for large platform sheds is costly 
and requires a long construction period. Our team has been researching ways to economize with 
more compact and efficient column-pile joints with double steel pipes, without using foundation 
footing. We have focused on enhancing tensile strength by assessing the bearing strength of 
column-pile joints with anchorage mechanisms that involve anchor and fixing plates. The key 
purpose is to clarify the degree of resistance when the angle exceeds 45 degrees. The aim of our 
experiments using eleven different specimens was to establish an evaluation formula for tensile 
strength and find a correlation between load capacity and the angle between plates. 

Keywords: Column-pile joint; Steel pile; Anchor plate; Push-out test, Fixing plate, Mortar injection 

1 Introduction 
Construction at Japanese railway stations is 
conducted at night, allowing passengers and trains 
to use facilities in the daytime, when fresh concrete 
from construction is allowed to dry. Construction 
involving the provision of foundations for large 
platform sheds is particularly costly and requires a 
long construction period. Therefore, it is essential 
to find a way to economize on the size of column-
pile joints. 

The authors have conducted research on joint 
structures using double steel pipes, eliminating the 
need for foundation footings [1]. In this study, our 
purpose was to clarify the degree of tensile 
strength by assessing the bearing strength of 
column-pile joints with anchorage mechanisms 
that involve anchor and fixing plates.  

As shown in Figure 1, the steel pipe is filled with 
non-shrinking mortar, and extraction force is 
transmitted through the mortar between the 
anchor plate and the fixing plate located at the top 
of the steel pipe. Since the strength formula for 

cases in which the fixing plate is installed inside a 
steel pipe and the angle between the outer edge of 
the fixing plate and the inner edge of the 
reinforcing plate exceeds 45 degrees has not been 
established, its strength is determined by a punch-
out test. 

This paper also considers the results of punch-out 
tests and proposes a method for evaluating 
maximum tensile strength. 

2 Test plan 

2.1 Test specimens 
A list of test specimens is presented in Table 1. 

The authors fabricated specimens to simulate the 
pile-head section of steel pipe piles. Specimen No. 
1 (267-06-P) was designated as the standard. The 

embedded portion of the anchor plate was 
lengthened  for specimens No. 2 (267-12-P) and 
No. 3 (267-18-P), . For test Specimen No. 4 (267-

18-D), the reinforcing steel plate was round with a 
diameter of 9 mm, assuming that a round steel 
plate would be welded in place on site of the 
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Abstract 
Shotcrete linings are a commonly used support system in hard rock tunnel construction, providing 
flexibility and minimizing construction time. Understanding the strain behaviour of shotcrete under 
different loading scenarios and interface conditions is vital for optimizing tunnel support design and 
ensuring long-term structural integrity. In this study, distributed optical fibre sensors were installed 
in laboratory prepared specimens, in which the lining was subjected to two distinct loading 
scenarios: a rock load and a distributed load. The specimens in the study consisted of two concrete 
layers where the substrate slab was either hydro-demolished or ground prior to casting a top fiber 
reinforce concrete layer. Key findings from the experiments reveal that specimens with rougher 
substrate surfaces exhibit higher post-failure ductility compared to those with ground surfaces, 
suggesting superior performance after peak loading. 

Keywords: Shotcrete; Distributed optical fibre sensors; Structural health monitoring; Experiments. 

1 Introduction 
In hard rock tunnels, sprayed fibre reinforced 
concrete, or shotcrete, in combination with rock 
bolts, is the most commonly used lining system. 
The rock bolts anchor large loose blocks to 
underlaying rock, whereas the shotcrete carries 
smaller blocks and loose rock material between the 
rock bolts. As the shotcrete is sprayed directly on 
the rock, a bond is formed between the materials 
and loads on the lining are carried in composite 
action.  

Experiments on shotcrete linings have been carried 
out previously [1, 2], however, the focus was put 
on the interaction between lining and rock bolts 
and characterization of load carrying capacities. 
Furthermore, previous test setups only considered 

loads in one direction, not enabling redistribution 
of forces. 

In analytical design of shotcrete linings, as 
proposed by Barret and McCreath [3], two cases 
are considered where the bond is either intact or 
not. If the bond is intact, the load is considered as 
rigid and transferred as shear forces in the lining to 
the rock bolts. In the other case, without bond 
between lining and rock, the load is considered as 
distributed and the lining acts as a slab in bending, 
supported by the rock bolts. By considering the 
interface as unbonded between the materials, the 
model is conservative, and the probability of 
overdesigning is high. By investigating the failure 
process of a shotcrete lining subjected to block 
loads and distributed loads from rock mass, a 
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Abstract

Ohnaruto Bridge is a suspension bridge with a total length of 1,629m and has served for 38 years
since opening in 1985. In 2001, flaking prevention work and surface coatings as salt damage
countermeasures were carried out. Also, cross-sectional restorations were applied to deteriorated
sections of the concrete slab. However, after 10 years of the repair work, in 2011, same
deteriorations were observed again. Field investigations revealed that the main cause of the
deterioration was macro-cell corrosion at the boundary between the repaired and unrepaired
sections of the cross-sectional restoration. Impressed current cathodic protection method was
adopted as a result of the verification to avoid the re-degradation and to save life cycle cost. This
paper reports field investigations of the cause of the re-degradation, a study on cathodic protection,
installation work of the adopted protection method, and its maintenance.

Keywords: Reinforced concrete, Macro-cell corrosion, Salt damage countermeasure, Cathodic
protection, Life cycle cost, Impressed current system

1 Introduction

Ohnaruto Bridge (Figure 1) is a suspension bridge
with a total length of 1,629m and served for 38
years since opening in 1985. The bridge is crossing
Naruto strait where corrosion environment is harsh.
In 1996, deteriorations due to the chloride attack
such as spalling and corrosion were observed at the
concrete slab on the 1A anchorage of Ohnaruto
Bridge (Figure 2 (a), Figure 3). In 2001, cross-
sectional restoration, surface coatings and spalling
prevention were applied to the deck [1]. As the
cross-sectional restoration, after chipping off the
deteriorated concrete and removing the rust from
reinforcing bars, anti-corrosion treatment and

primer were applied to reinforcing bars, and
refilled with polymer-modified mortar. However,
same deteriorations were observed again about 10
years after the repair work (Figure 2 (b,c)).
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Abstract 
An analytical study was conducted to examine the differences in design and reinforcement 
effectiveness in patch plate reinforcement using high-strength bolts and studs. High-strength stud 
bolts, which were recently developed in Japan, allow for one-sided installation. From the obtained 
analytical results, it was found that the yield load of the high-strength stud bolt was 13% higher than 
that of the high-strength bolt because of the absence of cross-sectional defects in the main plate, 
and the rate of increase in slip load twice as large. In addition, it was shown that the thickness of 
the patch plate could be reduced by 11 mm, and the ratio of the load transmitted to the patch plate 
was also higher. It has been concluded that the usage of high-strength studs reinforcement is 
desired from the viewpoint of mechanical rationality and economical aspects. 

Keywords: High-strength bolt/ stud bolt; Patch plate; Reinforcement; Load transfer 

1 Introduction 
In Japan, patch plate reinforcement of steel 
members has been adopted in recent years to 
improve the seismic resistance of steel structures 
and increase their load-bearing capacity. The 
reinforcement patch plates are connected to the 
structures through high strength bolted friction 
joints generally. HTB is in accordance with the 
Japanese Industrial Standards (JIS B 1186) which is 
based on International Organization for 
Standardization (ISO). When using high-strength 
bolted reinforcement in closed section members of 
arch and truss bridges, handholes are required and 
high-strength stud bolts has been proposed to ease 
their installation. 

The cross-sectional view of the patch plate 
reinforcement using high-strength stud is shown in 
Figure 1. High-strength stud bolts have been 
developed in recent years and have not yet been 
standardized. Studs are attached to existing 
members by welding, so that no bolt holes are 
drilled in the main plate. As a result, it can be 
installed from the external side of the cross-section. 
On the other hand, high-strength bolts require bolt 
hole drilling and hand-holes. Since the cross-
sectional area of the existing member will be 
reduced, its bearing capacity is reduced and the 
patch plate thickness is increased [1]. 

However, few studies have focused on high-
strength stud reinforcement, and so far, detailed 
comparisons between high-strength stud 
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Effect of Column Studs on Column-Pile Joints in Buildings without 
Underground Beams 
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Abstract 
Column-pile joints without underground beams are becoming a de-facto standard for foundation 
structures of over-track buildings. In the current design guideline, steel column-pile joints are 
constructed by embedding the steel column at the top of a cast-in-place concrete pile, and the joint 
is reinforced by an outer steel pipe. If the joint is to retain seismic performance of the joint with a 
thinner steel pipe, it will need more reinforcement in the form of studs along the sides of the column 
and reinforcing bars. Loading tests were conducted with specimens to evaluate performance of the 
column-pile joint. Specimens with thinner steel pipes and without column studs show smaller 
strength. However, specimens with column studs and reinforcing bars show greater strength than 
specimens with thicker steel pipes. From the findings of the experiments above, column-pile joints 
with thinner outer steel pipes and column studs would seem to be most effective. 

Keywords: column-pile joint, over-track building, column studs, loading tests 

1 Introduction 
In Japan’s metropolitan centers, larger station 
buildings are needed to accommodate the many 
railway users. However, there is rarely enough land 
available to construct new station buildings since 
land in these areas is already developed. On the 
other hand, space above station platforms or 
railway tracks has rarely been used until recently. 
As railway companies give top priority to 
consistency in daily operations, trains are never 
stopped even when constructing a building over 
tracks, adding greatly to construction costs. 

Underground beams are generally necessary for 
architectural structures. It is necessary to support 
tracks with temporary structures when 
constructing beams under a railway track, thus 
construction of underground beams is quite 
expensive. Therefore, in order to utilize over-track 

Figure 1. Image of over-track building pile 
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Abstract 
The grouted corrugated duct (GCD) connection has appeared as an attractive option for joints 
between precast bridge pier segments due to its large construction tolerance and low cost. However, 
the bond-slip relationship between the embedded rebar and the mortar has not been clearly 
established, which underscores the need for experimental investigation. To this end, 24 pull-out 
experimental tests were conducted with/without GCD in this study. The results showed that GCD 
specimens had higher bond strength and plumper bond-slip curve than the specimens without GCD 
connection. Then, an analytical model based on thick-walled cylinder theory was proposed to 
determine the bond-slip constitutive curve of GCD connection. Finally, a modified cohesive model 
was developed at the interface between rebar and dummy rebar in finite element model. The 
proposed bond-slip model, finite element analysis and tested data match well with each other. 

Keywords: Grouted corrugated duct connection; pull-out test; bond-slip; thick-walled cylinder 
theory; finite element model; cohesive. 

1 Introduction 
Over the past few decades, the concept of 
accelerated bridge construction (ABC) has gained 
global acceptance. The ABC technique may not only 
mitigate traffic and environmental disruptions but 
also lead to reduced life-cycle costs, expedited 
construction timelines, and enhanced construction 
quality [1]. In practice, the dependable static 
behavior of joints is a design crux to the 
prefabricated bridge elements and systems. The 
precast component interface is discontinuous, 
constituting structural weak zones [2]. Given the 
increasing popularity of the grouted corrugated 
duct (GCD) connection in numerous bridge projects 
owing to its significant construction tolerance and 
cost-effectiveness, the mechanical characteristics 
of these joints primarily rely on the bond 
anchorage properties of the rebars [3]. Although 
various specifications have provided the bond-slip 
relationship of rebar, the rebar is embedded in 
normal concrete (ENC) directly. The corrugated 
duct will change the bond mechanism of rebar, but 
the relative research is still lacking. Meanwhile, 

compared to ENC connection, GCD connection has 
the following characteristics: 

(1) The diameter of rebar in GCD connection is
larger. The diameters of rebar for most researches
on bond-slip were mostly ranged from 8 mm to 25
mm [4]. However, the diameters of rebar in GCD
connection were always large and ranged from 25
mm to 42 mm [5]. The reason is that the GCD
connection is usually employed in merge structures,
large-diameter rebar is selected to provide
adequate bond anchorage effect.

(2) GCD connection has stronger confinement. The
bond stress of deformed rebar embedded directly
in concrete is comprised of chemical adhesion,
friction and mechanical interaction [6]. For GCD
connection, the extra mechanical interaction is
provided by duct and it will lead to higher
confinement level than the rebar directly
embedded in normal concrete.

(3) The materials in GCD is discontinuous. It could
be found that the GCD connection is comprised of
mortar, duct and normal concrete. As the bond
stress is generated, the mechanics is transmitted
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Abstract 
Sustainability shall be integrated in the structural design from the early conception of the design, 
focusing on the impact on carbon footprint. A holistic approach to sustainability and its influence on 
structural evaluation is key to identify the main factors impacting on carbon footprint. Emphasizing 
the importance of considering sustainability early in the design process, it connects sustainability 
with the structure's conception. The case study of the HS2 project's Victoria Road Crossover Box is 
presented. Initially a standard rectangular box, the final structure evolved into a secant multi-shaft 
design with 5 bubbles, akin to a Caterpillar's shape. The shift challenged the traditional approach, 
enhancing efficiency, sustainability and structural behaviour. 

The impact of the structural efficiency into the sustainability approach is discussed on this paper 
and relevant conclusion are stated on the key design factors governing the sustainability approach. 

Keywords: sustainability; carbon-footprint; high-speed railway; HS2; caterpillar; early design 
engagement. 

1 Introduction 
It is out of any doubt that the sustainable future to 
which our society is committed is driving the 
construction sector to face a deep paradigm shift. 
The conventional way of engineering, struggling to 
optimise the designs to reach highly cost-effective 
infrastructures as the only key factor, is almost 
obsolete nowadays. Today, other aspects, such as 
the environment and the global value for the 
society, need to be considered to overcome the 
challenges of this century. The Sustainable 
Development Goals in 2015, and the European 
Green Deal, have changed the paradigm in the 
construction sector to promote sustainable design 
and practices. 

The European Union has created the frame to 
encourage engineering sector to reassess not just 
economic viability but also alignment with the 
sustainable criteria, influencing the likelihood of 
funding for 'green' projects. As a result, it's driving 
a transformative change in the construction sector, 
promoting innovation and steering away from 
conventional, less eco-friendly methods towards 
more socially responsible practices. Local regional 
governments and private clients have also raised 
the commitment to achieve climatic goals, aiming 
to obtain a certain level of scoring in private 
certification systems, such as ENVISION or BREEAM 
[1]. 

Extensive research has been conducted on 
sustainability matters during the past recent years 
investigating how to enhance the performance to 
overcome the aforementioned design pressures. 
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Abstract 
In the process of multiple storey braced steel frame structure design in the real world, after the 
completion of structural topology design, it is necessary to calculate the cross-section size of the 
member. The cross-section of the member not only affects the index of the member itself, but also 
changes the global stiffness of the structure, thus affecting the global index of the structure. The 
adjustment of the cross-section of the member needs to consider the influence of its own index 
and the global indices. Designers need a lot of repeated calculations to optimize member cross-
section. This paper studies the use of artificial intelligence to replace manual cross-section 
optimization. The training method of the agent adopts the PPO algorithm in reinforcement 
learning, and created a structural generator which randomly generates various structural schemes 
of the plane layout to interact with the agent, so that the agent can accumulate optimization 
experience and improve optimization ability in continuous trial and error. The training goal of the 
agent is to complete the adjustment of the cross-section with the least volume of material and the 
least of computation that satisfy constraints. Compared with manual optimization, agent 
optimization saves more than 95 % of time.  

Keywords: Global Stiffness Constraints, Member cross-section, Reinforcement Learning, Deep 
Learning 

1 Introduction 
The design process of multiple storey braced steel 
frame structure in the real world is generally 
divided into two stages. In the first stage, 
designers need to complete structural topology 
design, including beam and column layout, 
arrangement of brace. The second stage is to 
select the cross-section of the members based on 
the existing structural topology, which needs to 
meet the global constraints of the structure and 
the constraints at the member level. Constraints 

can be divided into driven constraints[1], control 
driven constraints are crucial for structural 
optimization, in this study only considers the 
storey drift, member constraints generally 
includes stress ratio, stability, deformation, etc. 
When select member cross-section in the second 
stage, both of these constraints need to be met 
simultaneously. 

The modification of member cross-sectional 
dimensions not only affects its own indices, but 
also affects the global indices of the structure. 
When designing structures in real life, the 
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Abstract 
There are great advantages in adopting steel structure for tall residential buildings. In order to study 
the mechanical properties of the flat vertical-diaphragm stiffened concrete-filled SHS column joints, 
such as stiffness, bearing capacity, failure mode, and deformation capacity, full-scale tests and finite 
element analysis are conducted based on the actual case in China. Results of cyclic tests are listed 
in this paper. Proper design suggestions and a scientific foundation are provided to the application 
of this kind of joints accordingly. The test results show that the failure mode of specimen FCFST-S-
H is ductile failure due to connection loss and the failure mode of specimen FCFST-C-H is observed 
as connection failure. In both sets of cyclic loading tests, the joint has good energy dissipation 
capacity. The finite element analysis results are consistent with the test results.  

Keywords: vertical-diaphragm stiffened joints; full-scale test; finite element analysis; seismic 
performance; cyclic testing results. 

1 Introduction 
CFST columns, also known as concrete-filled steel 
tube or concrete-filled square hollow sections, are 
being increasingly popular as structural elements. 
Filling the steel section with concrete results in 
increased strength and ductility without increasing 
the section size. (1) The objective technological 
innovation has many potential benefits in 
construction. Consequently, various domestic and 

foreign scholars have conducted numerous 
experimental and theoretical studies. This has led 
to a growing emphasis on the application of CFST 
column-steel beam connection in research. 

Dehghani and Aslani (2) provided a comprehensive 
review and statistical analysis on the available 
experimental fatigue data of CFTS joints and while 
also exploring research gaps in this field. Tort and 
Hajjar (3) carried out a computational study to 
investigate the nonlinear response of composite 
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Abstract 
The shear resistance of concrete beams has been a challenge. This study introduces an innovative 
shear model based on the critical crack model. By incorporating the concept of a local compression 
zone, the shear contribution from the upper edge of the concrete is effectively enhanced. An 
expression for the shear capacity of a concrete beam is derived by assuming an inclination angle for 
a critical crack. The optimal crack inclination angle is determined through an analysis of extreme 
values. To assess the reliability of the proposed methodology, the widely recognized ACI-DAfStb 
database was used. Comparative analyses were conducted between the calculation results obtained 
by the new model and those derived from the Strut-and-Tie model for deep beams and the truss 
model for slender beams. The positive results of these comparisons affirm the efficacy of the 
developed approach in enhancing the accuracy of shear behavior predictions in concrete beams. 

Keywords: shear resistance; concrete beams; critical crack; ACI-DAfStb; 

1 Introduction 
The challenge of addressing shear resistance in 
reinforced concrete girders has been a persistent 
concern in the realm of bridge design [1-3]. When 
subjected to the combined effects of bending 
moment and shear force, concrete girders undergo 
the development of diagonal principal tensile and 
principal compressive stresses. The occurrence of 
critical cracks ensues when the principal tensile 
stress is larger than the material's tensile ultimate 
strength. The formation of diagonal cracks induces 
force redistribution, leading the structure into 
intricate nonlinearities. 

In the early 1900s, truss models emerged as 
conceptual tools for analyzing and designing 

reinforced concrete beams. The earliest truss 
models assumed a parallel chord truss with 
compression diagonals inclined at 45 degrees with 
respect to the longitudinal axis of the beam, 
neglecting the contribution of concrete in tension 
[4]. Subsequently, the Strut-and-Tie Model (STM) 
for deep beams and the truss model for slender 
beams were developed based on these 
foundational approaches [5]. Both methods are 
written into the relevant codes in various countries 
and have become the main design methods 
nowadays. 

Experimental observations have revealed that 
critical cracks occur in concrete beams 
experiencing shear damage. This paper adopts the 
assumption of a single main crack, allowing for the 
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Abstract 
This paper focuses on predicting the seismic overturning of freestanding cylindrical structures. 
Idealized cylinders of different sizes and slenderness are excited by synthetic pulse-like ground 
motions. A total of 245000 results are summarized in the form of the overturning spectrum. The 
obtained spectrum, however, shows large motion-to-motion variability. To reduce the variability, 
the support vector machine (SVM) algorithm is employed subsequently. Three geometry-related 
parameters of cylinders and twenty-five intensity measures characterizing ground motions are 
selected as candidate features. Using the minimum Redundancy Maximum Relevance (mRMR) 
algorithm and forward stepwise feature selection method, the optimal SVM model is determined 
by which model makes the least false-negative misclassification cases, that is, wrongly predicting 
actual overturning as non-overturning.  

Keywords: freestanding cylinder; overturning spectrum; pulse-like ground motion; support vector 
machine. 

1 Introduction 
Past earthquakes have shown the great seismic 
performance of freestanding structures, such as 
classical columns [1] and storage tanks [2]. During 
earthquakes, these structures uplift and rock at the 
base, limiting the inertia forces imposed on 
themselves. Nowadays, rocking is widely 
recognized as a seismic isolation technique and has 
been exploited in designing new structures. 
However, it has been reported by accumulated 
studies that freestanding structures are vulnerable 
to overturning, especially when subjected to pulse-
like ground motions [3].  

Since Housner [4] first published the seminal work 
on the dynamics of a freestanding rigid block, the 
overturning behaviour of rocking blocks subjected 
to earthquake waves [5] has been systematically 
investigated. Nevertheless, it should be noted that 

these studies investigate the overturning in two 
dimensions (2D). Recently, several studies have 
shown that for freestanding structures, the three-
dimensional (3D) effect on their seismic 
overturning is significant[6]. This effect is more 
pronounced for irregular non-structural 
components, such as museum artifacts [7] and 
unanchored equipment [8]. Vassiliou [6] 
analytically investigated the overturning behaviour 
of 3D cylinders subjected to an ensemble of ground 
motions with identical statistics properties. Later, 
the overturning behaviour was emphasized on a 3D 
podium, a slab supported by four rocking columns 
[9]. The results show large motion-to-motion 
variability of the obtained overturning spectra. 
Compared with the aforementioned 2D 
overturning, the 3D overturning of freestanding 
structures is more sensitive to the parameters that 
define it and, thus, more difficult to predict.  
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Abstract 
Setting prestress disc springs at the end of the PC steel bar of DRB (Displacement Restrain PC steel bar Brace) 
can provide “initial story stiffness” to the brace before the story displacement reaches the “initial story 
displacement”. This system with disc springs is called DRBS. We evaluated its resilience using time history 
response analysis under a large-scale earthquake by 10 story-mass system model. In addition, we were shown 
that the result of summarizing the results of story deformation angles, residual deformations, floor response 
accelerations, and floor response velocities. Then, the influence in non-structural elements was described as 
horizontal displacement by the relationship between floor response accelerations and floor response 
velocities. 

Keywords: displacement restrain PC steel bar brace; disc spring; mass system model; time history response 
analysis; story deformation angle; residual deformation; floor response acceleration; floor response velocity; 
non-structural element; horizontal displacement 

1 Introduction 
Japan is an earthquake-prone country. And 
Japanese building structures are designed using 
response control analysis with braces systems. The 
DRB (Displacement Restrain PC steel bar Brace) is 
one of these bracing systems. The DRB is based on 
the conventional brace using the PC steel bar and 
has a predefined stat gap at the end of the bar 
brace. When the relative story displacement 
reaches that state which we call “initial story 
displacement”, the bracing system functions to 
control the displacement [1]. Moreover, setting 
prestress disc springs at the end of the PC steel bar 
of DRB can provide “initial story stiffness” to the 
brace before the story displacement reaches the 

“initial story displacement”. This bracing system is 
called DRBS. After the story displacement reaches 
the “initial story displacement”, both the DRB and 
DRBS fully demonstrate the stiffness of the PC steel 
bar brace [2]. 

This paper reports the resilience of structures 
which braced with DRB or DRBS and BRB (Buckling 
Restrained Brace). Previous research has already 
shown that the story deformation angles of the 
building using the DRBS are less than those of the 
DRB [3]. It means that the “initial story stiffness” 
reduced structural damage and improved 
resilience performance compared to using DRB. On 
the other hand, one of the issues is the lack of 
consideration for non-structural elements. This is 
because the structural target performance is 
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Abstract 
The temperature dependence and heating effect during cyclic loading of high damping rubber (HDR) 
make the seismic design of HDR bearings included isolated bridge quite complicated, particularly at 
low ambient temperature. To elaborate the hysteretic behaviour of HDR bearings, past researchers 
considered the temperature dependant effect, the thermo-mechanical coupling. However due to 
the newest pseudo dynamic and real time hybrid loading tests, it seems need to further 
consideration about thermal conductivity inside the laminated rubber layers and the redistribution 
of deformation due to the difference of the inner temperature. The heating effect and thermal 
conduction are investigated in this research to illustrate the heat transfer mechanism within the 
bearings. A new numerical model involving the temperature dependence of the stress-strain 
relationship of the rubber was incorporated to simulate how the heating and thermal conductivity 
effects works together inside each layer of the bearings. The numerical model is validated by the 
tests of quasi-static cyclic loading and real-time hybrid simulation at −20°C, 0°C and 23°C. 

Keywords: high damping rubber bearing; hysteretic model; heat transfer; heating effect; thermal 
coupling; low temperature. 

1 Introduction 
Rubber bearings have been widely employed as 
highly effective isolation devices worldwide for 
buildings, bridges and other structures [1,2]. The 
high damping rubber (HDR) bearing is regarded as 
the promising cost-effective device for application 

due to its effective and stable isolation properties. 
However, the HDR bearing shows significant 
temperature sensitivity, exhibiting not only the 
temperature dependence leading to higher 
stiffness at low ambient temperature, but also the 
heating effect due to the energy dissipation. These 
factors complicate the time evolution of the device 
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Abstract 
Given the growing requirements for architectural space, large-span and long-cantilever floor 
structures have become prevalent in urban complexes. Large-span and long-cantilever floor 
structures have low fundamental vibration frequency due to weak vertical stiffness, and generate 
greater vertical vibration induced by human activity. Human comfort of the floor vibration becomes 
a determining factor of structural design. To effectively improve the comfort of floor vibration, it is 
necessary to adopt efficient vibration reduction measures that do not affect architectural functions 
and have relatively limited costs. This paper mainly discusses the principle of vibration design for 
long-cantilever floors with vibration rods, as well as the design points in engineering applications. 
Taking the example of the Lingchao Building located in Shenzhen, China, the paper presents a 
theoretical analysis and sensitivity study of vibration rods during the design phase of long-cantilever 
floor structures. Additionally, it describes dynamic testing of floor vibration comfort during the 
construction phase, providing empirical evidence to validate the effectiveness of the vibration rods 
in vibration mitigation. 

Keywords: vibration rods; dynamic testing; long-cantilever floors; human comfort of the floor 
vibration; vibration analysis induced by human activity. 

1 Introduction 
Given the growing requirements for architectural 
space, large-span and long-cantilever floor 
structures have become prevalent in urban 
complexes. Large-span and long-cantilever floor 

structures have low fundamental vibration 
frequency due to weak vertical stiffness, and 
generate greater vertical vibration induced by 
human activity. Beyond a certain threshold, these 
vibrations can induce discomfort and psychological 
distress among occupants. (1) Therefore, in the 
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Abstract 
The influence that engineers and designers have on improving the sustainability outcomes of 
construction projects is well documented, but less focus has been given to those further down the 
supply chain. Whilst the biggest impact on out-turn embodied carbon can be made at the conceptual 
and project definition stage, it should not be ignored that there is room for improvements 
throughout the project cycle. Projects are often passed to fabricators as a completed package: fully 
detailed with no room for influence and improvement by those making the object.  

This paper will examine the benefits that can be extracted by the inclusion of makers and fabricators 
within the design process, and how that closer collaboration can assist in improving the project 
against a series of performance and sustainability markers. 

Keywords: Design; Fabrication; Collaboration; Sustainability. 

1 Introduction 
While collaborative approaches to design and 
construction have improved since the processes 
described in the major reports by Latham (1994) [1] 
and Egan (1999) [2], the immediacy of the climate 
emergency requires redoubled efforts across the 
industry.  

Efforts to reduce the overall embodied carbon 
usage within a project have become mainstream 
over the last five years [3,4] for the primary design 
team. However, extending this through to the rest 
of the supply chain is not a subject that has been 
significantly explored. Some fabricators and 
suppliers are engaged in the behaviours that are 
necessary to address our influence on the climate 
emergency and would value the opportunity to 
offer additional improvements to an engaged 
design team. 

This paper reflects the experience of a small 
fabricator focused on complex and intricate work. 
Different drivers may apply to larger or more 
production-oriented fabricators. By looking at 
recent examples the paper aims to highlight areas 
of improvement that could be made and also 
misconceptions that might occur in the early 
embodied carbon calculation process. It is 
expected that the general principles that can be 
drawn from these examples can be extrapolated to 
larger projects. 

2 Cost does not equal carbon 
The vast majority of fabrication contracts are let to 
the lowest cost tenderer. Whilst some 
consideration is made to baseline quality 
requirements, the consideration of carbon has 
never (in our experience) been a criterion for 
selecting a fabricator. Alternative, fabricator 
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Abstract 
Bridges to Prosperity (B2P) spent the last two decades designing and building trail bridges to better 
lives in rural communities and fight poverty caused by rural isolation, with a current focus in East 
Africa. Accurate carbon factors are crucial for understanding the carbon impact of a structure and 
influencing the supply chain to reduce emissions. This paper outlines the methodology used to 
calculate carbon factors tailored to B2P's supply chain. Analysis of B2P A1-5 embodied carbon data, 
calculated using these factors, is presented to show the relationship between trail bridge span and 
embodied carbon. The paper also discusses how B2P can use this data to make informed decisions 
to reduce their bridge’s carbon impact. This research contributes to the organization’s goal of 
promoting sustainable and environmentally conscious infrastructure development in East Africa. 

Keywords: trail bridges; rural infrastructure; carbon factors; embodied carbon; carbon assessment 

1 Introduction 
When rivers swell in rural communities, walks to 
school, the doctor, work, or the market become 
life-threatening without safe and reliable 
transportation infrastructure. Bridges to Prosperity 
(B2P) envisions a world where poverty caused by 
rural isolation no longer exists. B2P works closely 
with governments and communities to build trail 
bridges in isolated communities globally, 
constructing or supporting over 480 trail bridges, 
serving >1.7 million people, in 21 countries. 

Utilising refined standardised bridge designs and a 
construction process optimised for remote 
environments with manual processes has 
facilitated cost reductions. The cost of a B2P-
designed trail bridge is lower than other traditional 
infrastructure. B2P aims to source materials locally, 
and those that aren’t locally available they then 
look to repurpose material where possible, 
including steel pipe and cable from large 

construction sites and ports. This contributes to a 
lower embodied carbon. When combined with a 
cost-share approach, it is feasible for budget-
constrained governments to invest in their own 
rural infrastructure programs. Several studies have 
shown trail bridges have a high ROI, returning at 
least 6x the cost in increased economic activity [1]. 
Additionally, communities with new trail bridges 
saw a 75% increase in farm profits, a 60% increase 
in women entering the workforce, a 36% increase 
in employment income, and a 30% increase in 
overall household income. 

Carbon assessments had not previously been 
conducted for B2P bridges. This year B2P have 
collaborated with Arup to upskill B2P staff on 
embodied carbon calculations and increase 
understanding of embodied carbon. This article 
presents the initial outcomes of the work and 
discusses how B2P can use this data to drive further 
improvement. 
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Abstract 
This research discusses the load-bearing behavior of prefabricated girder segments produced by a 
concrete 3D printing technology. The segments are joined together with grout and are prestressed 
to form load bearing bending members. Various hollow segments are printed individually where 
intended cold joints were created. Before continuing the printing process, different joint 
reinforcements were installed at the cold joints to improve the shear force transmission between 
the segments. The focus of this research was to observe the segment joints as well as the reinforced 
cold joints within a segment when high shear stresses are applied. The specimens were observed in 
a 3-point bending test. The deflection, cracking and failure behavior is evaluated and described in 
detail based on each specimen’s test results and compared to the numerical and analytical results. 

Keywords: Concrete 3D printing, bending members, prestressing, segmental girder, bending test. 

1 Introduction 
Additive manufacturing technologies, often known 
as 3D printing, are already being used in various 
industries and are helping to open up completely 
new production possibilities. This manufacturing 
method enables cost- and material-efficient 
production of e.g. prototypes, individualized one-
offs or small series without having to provide or 
produce molds, formwork or other special tools. 3D 
printing is already used very successfully in 
industrial processes (mechanical engineering, 
toolmaking etc.) outside the construction industry. 
This makes it possible to economically produce 
parts and components with deviations from 
common standards or geometries [1]. Currently, 
there are also numerous international R&D and 
pilot projects dealing with the use of 3D printing in 
structural concrete engineering [2], [3]. The 
developments, some of which are running in 
parallel, have resulted in numerous approaches to 

solutions, which can be fundamentally 
differentiated into technologies for the 
prefabrication of components or systems for 
construction site production. Common research 
goals of the individual projects can often be found 
in the basic concept of a particular technology: 

• reduction of manual labor,
• increase in material efficiency,
• waste avoidance or
• improvement of customizability.

Especially, the fact that the production of concrete 
- primarily the production of the contained cement
- results in a high proportion of climate-impacting
gas emissions makes targeted material use
desirable. According to studies, this accounts for at
least 8% of global CO2 emissions [4]. Nevertheless,
the demand for concrete has been increasing
exponentially for several decades due to its cost-
effectiveness and broad applicability. If any
ecological aspects are included in the
considerations, concrete should be used more
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Abstract 
Through the lens of embodied carbon, this paper compares two recent projects by a single team, 
for the same client, with similar physical constraints. One has been built, the second is in detailed 
design stage, and the cumulative lessons for future projects are considered. 

Keywords: Footbridges; embodied carbon. 

1 Introduction 
Moxon Architects and COWI have a track record of 
successful bridge collaborations. This paper 
discusses two recent footbridge projects with a 
particular emphasis on the embodied carbon, and 
how lessons learnt from the first project informed 
the second design. Ideas for further improvements 
are also discussed. 

2 Hams Way Footbridge 
Completed in 2020, Hams Way Footbridge carries 
pedestrians and cyclists over the busy Powick 
Roundabout in Worcester, UK. 

The bridge is 220m in length, comprising a 42m 
trussed-arch main span and long approach ramps 
with repeated 12m continuous spans. The main 
span is structural steel supported on leaning 
reinforced concrete piers on piled foundations. The 
approach ramps are also steel, supported on single 
columns on reinforced concrete plinths and 
shallow foundations.  

Figure 1. Hams Way Footbridge, Worcester, UK 

Hams Way Footbridge was designed in 2018, 
before COWI and Moxon routinely quantified 
embodied carbon in their bridge designs. COWI has 
since established a carbon management process 
which includes estimating the embodied carbon 
associated with each new project and selected 
historic projects.
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Abstract 
Bridge designers have a great responsibility to the planet and future generations. When designing 
bridges, we must contribute to addressing the current climate and biodiversity emergency and to 
the industry's awareness of our dual role in causing and addressing this crisis. Bridge designers also 
have a great responsibility to the users and perceivers of these crossings, as their scale, exposure, 
and long life make them have a tremendous visual and social impact. The bridges we design must 
also be functional, appropriately respond to every constraint, meet every technical criterion, and 
have a cost appropriate for their scale and complexity. This is an article on holistic bridge design, 
specifically focusing on how to harmonise, when designing bridges, efficiency from a carbon 
footprint perspective with beauty, so the design of such emotive, prominent, and enduring 
constructions improves the quality of the built world in multiple ways. 

Keywords: holistic bridge design; responsibilities of bridge designers; sustainability; functionality; 
beauty; aesthetics; perception; emotion. 

1 Introduction 
Bridge designers have a great responsibility to the 
planet and future generations. When designing 
bridges, we must contribute to addressing the 
current climate and biodiversity emergency. It is 
part of the designer's responsibility to help achieve 
zero-emission status in their work as soon as 
possible. Also, to contribute to the industry's 
awareness of our dual role in causing and 
addressing this crisis. 

Bridge designers also have a great responsibility to 
the users and perceivers of these crossings. Bridges 
have a tremendous visual and social impact 
because of their scale, exposure, and long life. They 
are crossed and perceived by countless people, 
whose experience will be determined by the 
quality of the work done in their design and 
construction. Designing something that transforms 
the territory for centuries must be aesthetically 

appealing, reflect emotional and cultural values, 
and raise experiences and feelings. 

The bridges we design need to be functional, 
appropriately respond to every constraint, meet 
every technical criterion, and have a cost 
appropriate for their scale and complexity. 

Is this an either-or exercise? Is it necessary to drop 
some of these project aspirations for a bridge to be 
delivered? The author believes that with a good 
team that follows an appropriate project 
methodology, a good client, an appropriate 
procurement route, and a budget and time 
allocation suitable to the characteristics of the 
crossing problem, it is possible to systematically 
design bridges that respond satisfactorily and 
simultaneously to all aspects relevant to the 
project and not only to some of them. 

This article focuses, with a more qualitative than 
quantitative approach, on holistic bridge design, 
specifically on how to harmonise, when designing 
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Abstract 
Opened in 1981, the Humber Bridge (UK) is a suspension bridge carrying a dual carriageway and 
footpaths. It has a main span of 1410 m, and side spans of 280 m and 530 m.  Ensuring that strategic 
bridge crossings remain safe for operation following unforeseen events is essential. Works to the 
side span bearings supporting the steel deck box at the concrete towers and anchorages provide a 
case study of such works. In February 2020, new cracks were identified around rocker bearing welds. 
Lane closures were implemented and repairs of welded steel plates around the cracks were 
installed. Subsequent investigations included structural health monitoring, inspections and non-
destructive testing. While rocking of the A-frames was observed, stick-slip rotation of the pinned 
connections was present with flexure in the A-frames induced. These findings justified and helped 
inform parameters for the temporary replacement of the tower rockers in 2021 and 2022.  

Keywords: suspension bridge; Humber Bridge; articulation; steelwork. 

1 Introduction 

1.1 The Humber Bridge 
The Humber Bridge is an iconic landmark crossing 
the Humber Estuary, connecting Yorkshire and 
Lincolnshire in the UK (Figure 1). Opened by Queen 
Elizabeth II in 1981 it was the world’s longest single 
span suspension bridge until 1997 and remains the 
longest in the UK at 1410 m. It has asymmetrical 
side spans of 280 m and 530 m (Figure 2). A Grade 
I listed structure, as designated by Historic England, 
the bridge plays a vital role in helping the Humber 
region reach its potential. It is owned, operated 
and maintained by the Humber Bridge Board (HBB), 
who collect tolls to finance the crossing. The bridge 
carries the A15 trunk road, north and south, 

utilising four lanes with two additional walkways 
and passes over a main line railway, the A63 trunk 
road and two other minor roads. On average there 
are 33,000 crossings per day. Between June 2022 
and June 2023 an estimated 120,864 pedestrians 
and 74,563 cyclists used the walkways. 

Figure 1. The Humber Bridge, viewed from Hessle. 
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Abstract 
In the past decades great efforts have been undertaken in Germany for saving the existing highway 
and railway infrastructure due to limited financial and natural resources. Sophisticated evaluation 
methods have been established, which take into account the current state of the structure as well 
as the results of the recalculation. Furthermore, many repair and strengthening strategies have 
been developed and applied successfully. In addition, experience with the structure plays an 
important role as well. The recent strategies which are applied in Germany for preserving the 
existing infrastructure are presented. 

Keywords: Bridges; sustainability; recalculation; retrofitting. 

1 Introduction 
Most of the existing highway infrastructure in 
Germany is over 40 years old and those of the 
existing railway infrastructure even over 70 
years old (Fig. 1 and 2).  

Due to the limited financial and natural 
resources, great efforts have been undertaken 
in the past decades to save the existing 
infrastructure in Germany. Many sophisticated 
evaluation methods have been established 
which take into account the current state of 
the structure, the results of the recalculation 
as well as the experience with existing 
structures. In addition, repair and 
strengthening strategies have been developed 
and applied successfully. 

 Fig. 1  Age of the highway bridges in Germany 
[BMVI.de]  Fig. 2  Age of the railway bridges in Germany 

[DB Netz AG] 
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Abstract 
The implementation of Building Information Management in bridge construction and public 
administration continues to progress. As part of the research project "Public Administration 4.0", a 
prototype for digital bridge inspection was developed for this purpose, based on the creation of BIM 
models of existing bridge structures. International studies attest to the method of photogrammetric 
point cloud generation based on drone images, for the intended use of existing bridge modelling, a 
high potential. In the course of a feasibility study, a creation process chain - with the drone to the 
BIM model - could be derived and the results generated could be considered applicable. The 
creation process consists of three sequential phases: as-is data acquisition, point cloud generation, 
and as-is modelling. The generated as-is model of the bridge can be implemented in a BIM software 
and used for digital bridge inspection and additional use cases. 

Keywords: as-is model, BIM, bridge inspection, creation process, drone, mesh, photogrammetry, 
point cloud

1 Introduction 

Building Information Management is becoming 
increasingly important due to the promotion of 
digitalisation both in the construction industry and 
in public administration. The "Public 
Administration 4.0" research project is focussing on 
the development of a procedural and technological 
prototype for carrying out a digital bridge 
inspection, in which damage recording on the BIM 
model plays a central role [1]. The creation of the 
required as-is models proves to be a special task 
due to the often insufficient as-is data and often 
challenging accessibility in bridge construction. 
However, the modelling process based on 
photogrammetrically generated point clouds has 
emerged as a promising solution [2] and will be 
described in more detail in this paper. In the second 
chapter, the basics of the process components are 
described. It starts with the creation of as-is models 
is as a bottleneck in the implementation of BIM for 

existing buildings, as the BIM approach is model-
based. And ends with the main components of the 
creation process: drone, data set, photogrammetry 
and point cloud . In the fourth chapter, the creation 
process is explained in detail and the individual 
process steps are discussed. The last part of the 
research contains a list of further process 
potentials. The final section discusses the results 
and provides a summarised conclusion. 

2 Basics of the process components 

2.1 The bottleneck of BIM-implementation 

Research and working groups around the world are 
focusing on the potential of BIM methodology in 
existing buildings. [3] The research focus is on the 
one hand on the overall process chain and on the 
other hand on finding solutions for individual sub-
process chains. The creation of as-is models can be 
emphasised as a key topic with enormous 
development potential and can also be identified 
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Abstract 
The A52 Clifton bridge is a 6-span post-tensioned concrete bridge, which carries the A52 trunk road 
in the City of Nottingham (UK). The bridge was built in the early 1970’s and comprises two distinct 
bridges: the South Approach Viaduct and the Main Bridge over the River Trent. In February 2020, 
severe corrosion was identified within the external strands inside the South Viaduct. Lane 
restrictions were implemented while further investigations confirmed additional corrosion in the 
prestressing strands for both superstructures. The assessments revealed shortfalls in strength and 
led to the design of a deck strengthening solution using additional prestressing tendons. This paper 
describes the strengthening solution for both superstructures including the construction sequences 
and discusses the destressing works of a selected number of external redundant strands within the 
Main Bridge allowing the new strengthening tendons to be fully jacked to their final specified forces. 

Keywords: bridge; post-tensioning; box-girders; assessment; strengthening; rehabilitation. 

1 Introduction 
The A52 is one of the main trunk roads in the 
National Highways network, joining the A1 towards 
Grantham with the M1 at East Midlands Airport. It 
is a commuter route and access via the bridge is key 
for the city of Nottingham. 

The A52 Clifton bridge (Stage 2) is a 21.6m wide 6-
span concrete bridge, with both internal and 
external prestressing, and it carries the A52 trunk 
road over the River Trent and Clifton Lane. 

The bridge was built in the early 1970’s as part of 
the A52 widening project offering 5 additional 
lanes of traffic over the river Trent, next to the 
original 1950’s bridge (known as the Stage 1 
bridge). The crossing comprises two distinct 
skewed bridges separated by an expansion joint.  

The South Approach Viaduct is 82m long and 
consists of 3 continuous, constant depth box girder 
spans (Spans 1 to 3, 27.457m/27.432m/27.102m).  

The Main Bridge is 159m long and consists of 3 
continuous spans (Spans 4 to 6) with an 83m 
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Abstract 
Corrosion damage in locked coil cables can pose a significant threat to the structural integrity of 
bridges worldwide. This paper presents a comprehensive analysis of the management of corrosion-
related issues in the Galecopper bridge cables to ensure the structural safety of the bridge and 
discusses their implications for other bridges facing similar challenges. The study encompasses the 
detection, assessment, and temporary strengthening of damaged strands. 

Temporary strengthening measures were designed, constructed, and monitored, focusing on the 
most severely damaged strands, to allow time for the design and execution of permanent solutions. 
The findings and lessons learned from the Galecopper Bridge case can serve as a reference for bridge 
engineers and managers facing similar challenges, contributing to the long-term safety and 
maintenance of critical infrastructure. 

Keywords: Locked coil cables, corrosion, Galecopper Bridge, assessment, strengthening, inspection, 
renovation, temporary strengthening. 

1 Introduction 
Corrosion damage in locked coil cables poses a 
significant threat to the structural integrity of 
bridges worldwide. This paper presents a 
comprehensive analysis of corrosion-related issues 

in the Galecopper bridge cables and discusses their 
implications for other bridges facing similar 
challenges. The study encompasses the detection, 
assessment, and temporary strengthening of 
damaged strands. 

Figure 1: Galecopper Bridge 
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Abstract 
Fluid viscous dampers have been successfully and extensively adopted in both existing and new 
structures to improve structural performance under external excitations, namely wind and seismic 
excitations. During excessively large excitations, the failure of fluid viscous dampers can affect the 
structural dynamic performance as the supplementary damping is reduced significantly or 
completely. This study introduces a pressure-adjustment fluid viscous damper (PA-FVD, hereafter) 
consisting of pressure-adjusting devices to limit generated axial force and potentially prevent failure 
associated with its high axial force. Steel structures equipped with traditional FVDs and PA-FVDs is 
presented to compare important structural performance indices including acceleration, velocity, 
and displacement time history; additional damping ratio; and maximum structural internal forces 
under wind and seismic excitations. The analytical results have shown a substantially better 
structural response when the structure is equipped with PA-FVDs. 

Keywords: pressure-adjustment fluid viscous damper; fluid viscous damper; dynamic performance; 
large earthquake; building structure. 

1 Introduction 
A variety of revolutionary technologies has been 
developed to meet the constantly challenging 
demands to provide structures with better 
performance under lateral loads, namely seismic 

and wind loads, and the application of passive 
energy dissipating devices into the structures is one 
of the main solutions [1] as the inherent damping 
ratio of structure is limited and qualitatively small 
[2]. The following sections briefly discuss the 
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Abstract 
Modularity plays a key role in the rationalisation of industrially produced consumer goods and the 
optimisation of their fabrication technologies. With reduced numbers of individual components, 
rationalisation, automation, and digitalisation of involved processes become more feasible, and 
reduction of material quantities and process waste can be achieved. The user further benefits 
from the possibility of replacement and repair of damaged components as well as disassembly and 
reuse of components at the end of life. To transfer these benefits to loadbearing engineering 
structures, the authors propose a modular product family for footbridges using precast segmental 
technology with dry joints and external CFRP post-tensioning. This article describes the applied 
principles and benefits of modularity, the modular footbridge design and the influence of dry 
joints and external CFRP post-tensioning on the bridge’s overall structural performance. 

Keywords: modularity; automation; structural design; footbridge; precast segmental construction; 
CFRP; concrete; precast; dry joint. 

1 Introduction 
On a global scale, continuous population growth 
creates the demand for an ever-increasing rate of 
building and infrastructure construction. However, 
not only population growth in absolute numbers, 
but also the endeavours of billions of people 
around the world to increase their prosperity and 
well-being is leading to a demand for new houses, 
schools, hospitals, commercial buildings, spaces 
for public life, bridges and other infrastructure. 

The delegates of the IABSE Congress 2023 in New 
Delhi had the privilege to become first-hand 
witnesses of the enormous growth in Indian urban 
areas. The organisers of the conference had very 
aptly chosen the theme “Engineering for 
Sustainable Development”, highlighting the need 
for future growth to not only meet the short-term 

needs of society, but to be long-lasting, resilient, 
adaptable to future generations' needs and to 
take into account the protection of the climate 
and natural environment. In many European 
countries, the maintenance of a large and aging 
building stock as well as construction in heavily 
congested urban areas pose further challenges. 

A promising strategy to improve the productivity 
of the construction industry on the one hand, and 
to achieve greater speed and flexibility, higher 
quality and less disruption on construction sites 
on the other, is to utilise the benefits of 
modularity [1, 2]. The principles of modular design 
have been applied for many years in the 
production of consumer goods like cars, 
electronics, furniture, and even software. By 
embracing modularity, the total number of 
individual components within a product family 
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Abstract 
This paper showcases designing, prototyping, and developing the Network Rail FLOW footbridge, an 
innovative composite FRP bridge meant to replace level crossings in rural and semi-rural UK areas. 

The design brief was to create a lightweight, cost-effective, eye-catching modular system as an 
alternative to existing structures in the Network Rail catalogue. 

Adopting a centralised workflow, challenging traditional procurement routes, early involvement of 
fabricators, unconventional thinking, and a positive attitude led to delivering the first full-sized 
prototype in under a year. The final design iteration is now set for large-scale manufacturing.  

The design prioritised user experience, aesthetics, functionality, material quality, cost, and 
structural performance. This comprehensive approach resulted in an innovative and visually 
appealing solution that integrates route-wide repeatability and off-site manufacturing, adaptable to 
local contexts. 

Keywords: FRP; Fiber Reinforced Polymers; Carbon Fiber; Glass Fiber; Flax; Design; Parametric; 
Modular; Aesthetics; User Experience. 

1 Introduction 
In 2010, Network Rail, the railway operator in Great 
Britain, initiated a program to enhance the safety 
of level crossings, aiming to mitigate risks for the 
public and passengers while enhancing the 
network's capability and performance. Notably, 
the network comprises over 6,000 level crossings, 
with more than 2,000 dedicated solely to 
footpaths. 

The most effective strategy for enhancing safety 
and eliminating risks involves eradicating level 
crossings by exploring alternative routes or 
substituting them with alternative structures like 
bridges and underpasses. While these alternatives 
maintain connectivity, their implementation may 

entail significant costs, particularly in remote 
locations, or they may not align with the aesthetic 
preferences of local communities. For those 
reasons, the structures currently in Network Rail 
catalogue often not present a viable business case. 

In response to these challenges, Network Rail 
engaged a multidisciplinary team comprising 
designers and manufacturers in 2020 to develop an 
innovative Fiber Reinforced Polymer (FRP) bridge. 
The primary goal was to create a cost-effective, 
aesthetically appealing, and easily constructible 
structure to address these concerns. 

During the pandemic, the team developed the first 
design iteration within a year, adopting innovative 
processes necessitated by limitations on in-person 
meetings. They showcased a full-scale working 
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Abstract 
Bridge erection by sliding or incremental launching is well appreciated when crossing obstacles like 
heavy-traffic infrastructures that cannot be temporarily closed, difficult-to-access areas such as 
rivers or deep valleys, or even environmentally protected sites. Thanks to casting or assembling of 
structure on a dedicated area with good access conditions, it considerably improves workers’ safety. 

This article describes the development of novel launching equipment featuring sliding material of 
fluoropolymer type, vulcanized to engineered rubber components and placed on mechanical 
articulated supports. Various laboratory tests were performed to validate the solution and define 
friction factors, which were later confirmed during site operations. 

Case studies of application in launching of concrete multi-span double-T deck of Nowra Bridge and 
steel arch bridges of Sydney Getaway are presented.  

Keywords: incremental launching; skidding shoes; heavy loads sliding material; friction test; 
bearings; extension of lifespan 

1 Introduction 

1.1 Introduction to launching of structures 
The traditional principle of incrementally 
launched bridges is to build the bridge deck in 
segments in a casting bed located behind the 
abutments of the bridge, and gradually push the 
bridge incrementally until the superstructure is 
completed [1] [2]. 

This makes incremental launching a good option 
when there is limited access under the bridge, for 

example over water ways or otherwise 
inaccessible terrain.  

The launching technique is used extensively in 
traditional incremental launching of concrete 
superstructures, but also used for launching of 
steel structures.  

Sliding of structures using low-friction materials is 
a key part of construction of bridges in general, 
but in incremental launching it is key to have 
precise and reliable of the friction between the 
sub- and superstructure, to make accurate 
planning and optimize the launching equipment. 
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Abstract 

Two types of reinforcement: GFRP (Glass Fiber Reinforced Polymer) rebars and traditional steel 
reinforcement, have been used in one way reinforced concrete slabs, made of RAC (Recycled 
Aggregate Concrete) where 30% of coarse aggregate have been replaced by high quality industrially 
produced recycled aggregate and NAC (Natural Aggregate Concrete). The results obtained from 
experimental investigation bring information concerning the crack patterns, evaluation of the crack 
force, ultimate deflection and bearing capacity. The aim of the present study is to report and discuss 
the experimental results. Comparisons with a numerical model of the test specimens in ANSYS are 
made. Some peculiarities of GFRP rebars, RAC and their combination are outlined. The details of the 
presented investigation provide further information for the engineering practice and contribute to 
the wider use of alternative reinforcement and RAC in the construction sector. 

Keywords: Glass Fiber Reinforced Polymers (GFRP) rebars, Recycled Aggregate Concrete (RAC), 
slabs, numerical modelling, ANSYS  

1 Introduction 
The problems of structural safety and high 
maintenance costs caused by steel bar corrosion 
have become relevant in the last decades. To avoid 
reinforcement corrosion in aggressive 
environments, Fiber Reinforced Polymer (FRP) bars 
have been proposed. Compared to traditional steel 
bars, FRP bars have the advantages of being 
lightweight, high strength and more resistant to 
some aggressive impacts. The recovery of 
construction and demolition waste contributes 
significantly to the sustainable development In the 
context of sustainability and circularity in 
construction, recycled aggregate concrete (RAC) 
offers many opportunities to improve the resource 
efficiency. RAC lessens carbon dioxide emission, 
land required for disposal of construction and 
demolition waste, and aggregate transportation 

distance by meeting the desire for environmentally 
friendly, low‐carbon, and sustainable production. 

However, due to the porous structure of recycled 
aggregate, its larger use is hindered by some 
durability issues, including those related to faster 
carbonation and bigger permeability and thus 
menacing the passivation of steel rebars in RAC.  

So, the combination of FRP rebars such as Glass 
Fiber Reinforced Polymer) bars (GFRP) and RAC is 
one promising combination for the practice, 
especially in concrete structures subjected to an 
aggressive environment. According to [1], GFRP 
has relatively low cost comparing to other kinds of 
FRPs and makes it one of the most used 
alternatives to the steel rebars in construction 
industry.   
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Abstract 
The multi-petal tower is a favorable alternative type for supertall buildings because of its distinctive 
appearance and high wind-resistant performance. The coupling trusses are the important member 
to connect tower petals to form a stable structural system. The selection of its location and material 
distribution are of great research value. In this paper, the characteristics and application scenarios 
of various sensitivity analysis methods are compared. And the incremental sensitivity analysis 
method is selected to assist determining about the optimal arrangement of the coupling trusses of 
multi-petal tower under the wind stiffness constraint quickly and efficiently. Based on the sensitivity 
rank of each coupling truss, the cross section of coupling trusses is optimized. The structural cost of 
coupling trusses is effectively reduced at the cost of tiny stiffness reduction, which provides an 
efficient and simple optimization method and application case for similar engineering optimization 
needs. 

Keywords: multi-petal supertall building; coupling truss; incremental sensitivity analysis method; 
wind stiffness constraint; structural optimization. 

1 Introduction 
In recent years, the proposal of the multi-petal 
supertall tower reflects the innovation and 
optimization of the supertall building shape, which 
makes the appearance of the building look slender 
and light, and the vertical members concentrated 
in the triangular corner can provide greater 

stiffness for the structure, and the transparent 
space in the middle of the tower petals can allow 
the wind to pass freely, reducing the vibration 
response brought by the wind load to the structure 
(Figure 1)[1].  

The structure system of multi-petal supertall tower 
is complex, which is a good carrier for studying the 
design of supertall building wind resistance. In this 
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Abstract 
Fluid viscous dampers can be utilized to control structural vibration as well as to meet the 
requirements of structural stiffness and strength under both wind and seismic excitations. As they 
can operate with a wide range of excitation frequencies, a double-excitation vibration mitigation 
system is introduced. Moreover, various deformation amplification devices, double dampers 
configurations, and fluid viscous damper parameters are comprehensively analyzed for the system 
selection for wind and seismic excitations. Using the sensitivity analysis method, structural 
optimization with the proposed system is demonstrated in the case study of a tall steel residential 
building. 

Keywords: A double-excitation vibration mitigation system; fluid viscous damper; structural 
optimization; tall steel structure 

1 Introduction 
The steel structure has the characteristics of long 
period and weak stiffness, and the wind vibration 
excitation is often the control load that affects the 
overall performance of the structure. With the 
continuous development of vibration reduction 
technology, the shock absorption design under 
earthquake excitation must be considered in the 
design process. As an effective vibration damping 

device, viscous damper can realize multi-excitation 
and multi-performance vibration damping of 
structures, improve the comfort, stiffness and 
strength of structures under wind excitation, and 
provide additional damping ratio for structures 
under earthquake excitation. 

At present, the viscous damping technology under 
single excitation of earthquake or wind vibration 
has been fully studied. However, there is a lack of 
comprehensive discussion on the design of wind 
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Abstract 
In an ongoing project in Gothenburg, Sweden, challenging soil conditions necessitated a lighter 
bridge than the design with the originally planned steel deck. To address this, a hybrid structure 
with a steel support beam and a Fiber-Reinforced Polymer (FRP) deck was proposed. The steel 
structure was designed by Systra AB in Sweden, while the FRP deck was designed by Royal 
HaskoningDHV in the Netherlands. This cooperation on vital structural components called for a 
collaborative model. A parametric coordination model was created using Rhino/Grasshopper, 
thereby facilitating the generation of calculations in SOFiSTiK and drawings in Tekla Structures. This 
streamlined workflow was accessible to all involved parties, ensuring they worked with the most 
up-to-date design version at all times. The dynamic behavior of the bridge emerged as a significant 
design challenge during the project. Human-induced vibrations posed limitations on pedestrian 
comfort, influenced by the interaction between the steel and FRP elements. Initial calculations 
indicated that merely increasing the bridge's dimensions would not sufficiently address this 
vibration issue. Leveraging the parametric model, a variation study involving over 200 design 
variants was conducted. This approach allowed for the retrieval of relevant data, enabling design 
exploration to select the optimal variant. The chosen bridge design achieved the dual objectives of 
minimizing material usage while adhering to pedestrian comfort and other design criteria. Through 
this collaborative and innovative methodology, the project successfully enhanced the efficiency of 
the bridge design while ensuring optimal collaboration between the two companies. 

Keywords: Parametric, vibrations, pedestrian bridge, design exploration, hybrid, FRP, steel, 
coordination model, collaboration 

1 Introduction 
In Gothenburg, for the first time in 100 years, a new 
bridge over the canal is being built. It is a bike and 
pedestrian bridge designed by architect Malin 
Mirsch of Systra AB. An impression of the bridge is 
shown in Figure 1. After considering various 
options for the bridge, a construction with a steel 
"arch" was chosen, which supports the deck at two 

points at approximately 1/3 and 2/3 of the span. 
The end of the deck is supported on concrete 
abutments.  

Originally, a steel deck was considered. Due to poor 
soil conditions in the area a lighter Fiber-
Reinforced Polymer (FRP) deck was chosen. Dennis 
Schakel of Systra AB took the FRP course at TU Delft 
and had previously been in contact with Kees van 
Ijselmuijden of Royal HaskoningDHV about FRP 
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Abstract 
Donghai Viaduct and Daxu Viaduct as parts of Lianyungang to Xuzhou high-speed railway bridge, are 
both the first high-speed railway continuous girder bridges using short-line precast segmental 
method in China. A big achievement of the project is realizing a high prefabricated proportion of 
99.1% and 98.8% respectively for main bodies of both viaducts. 

The Accelerated Bridge Construction with the precast segmental bridge technology, using the short-
line match casting method and balanced cantilever construction method without closure pour at 
end spans in the Lianxu project, has built up a good basis for future projects. 

This paper introduces several key factors during the construction process of Donghai Viaduct and 
Daxu Viaduct, including precast yards, construction method, geometry control and BIM, providing 
more choices for Accelerated Bridge Construction.  

Keywords: high-speed railway; precast segmental bridge; prefabrication; geometry control; precast 
yard; Accelerated Bridge Construction. 

1 Introduction 
The new high-speed-rail line connects two cities 
Lianyungang (4.4 million peple) and Xuzhou(8.6 
million people), were built to reduce travel time 
from 2 hours to 45 minutes. Donghai Viaduct 
(Figure 1) and Daxu Viaduct (Figure 2), as parts of 
Lianyungang to Xuzhou high-speed railway bridge, 
were selected to be the pilot viaducts for scientific 
research of precast segmental high-speed railway 
bridge. Donghai Viaduct and Daxu Viaduct are both 
the first high-speed railway continuous girder 
bridges using short-line precast segmental method 
in China. 

Realizing the needs of rapid development of high-
speed railway and significant advantages of 
prefabrication technology, as well as facing the 

research blank of precast segmental high-speed 
railway bridge in China [1], this pilot project was 
urgently started in August 2018, aiming at 
providing practice of industrialization technology 
of bridge design, prefabrication, erection and 
construction, and further verifying its feasibility 
and reliability. 

The whole scientific research was officially 
completed in June 2020. 

Donghai Viaduct is a three-span, 113.5m 
continuous rigid bridge with 40 segments, and 
Daxu Viaduct is a four-span, 161.1m continuous 
rigid bridge with 57 segments, both allowing a train 
speed of 350km/h. Short-line match casting 
method and segmental balanced cantilever 
construction method [2] were utilized on the both 
viaducts.  
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Abstract 
Carefully extracting reinforced concrete (RC) elements from soon-to-be demolished structures and 
reusing them as load-bearing components is an emerging circular low-carbon alternative to building 
new structures. As floor construction typically accounts for the most upfront carbon footprint of 
buildings, this paper presents the design, structural verifications and construction process of FLO:RE, 
a new floor system built with reused saw-cut RC slab elements and steel beams. To value all pre-
existing properties, the new system reuses the RC elements in bending, taking advantage of the 
existing steel reinforcement. The life-cycle assessment (LCA) shows that the upfront carbon 
footprint of the reused system can be as low as 5 kgCO2,eq/m2, reducing by up to 94 % compared to 
conventional RC flat slabs. The construction and monitoring of a 30-m2 mock-up demonstrate the 
new-system construction ease and structural performance. This study proves the technical 
feasibility of reusing old RC slab elements in new floor systems. 

Keywords: structural design, component reuse, reinforced concrete floor, life-cycle assessment, 
embodied carbon, circular economy, concrete reuse

1 Introduction 
Concrete is not only the most used construction 
material worldwide, with an estimated yearly 
consumption approaching 30 billion tons (1): it is 
also the most discarded construction material, e.g., 
accounting for about 35 % of Swiss demolition 
waste (2). Today, even if in good condition, 

discarded concrete is crushed and, at best, 
downcycled as aggregates in new concrete mixes, 
where it partly replaces natural stone aggregates. 
Still, this process does not reduce upfront carbon 
emissions as the same or even higher cement 
quantity is needed for these mixes (3), and cement 
is responsible for the main part of carbon emissions 
during concrete production.  

Figure 1. FLO:RE mock-up, made of reused reinforced-concrete and reused steel elements.
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Abstract 
Modular construction and component-based design present significant opportunities to improve 
the efficiency of the design and construction process for bridges.  Development of a lean system for 
the construction of bridges in recent years has driven significant increases in construction 
productivity.  The associated programme savings have led to environmental benefits including 
carbon savings from reduced timescales on site and reductions in associated preliminaries.  The 
system also facilitates reduction in numbers of people required on site. 

A modular system was developed for construction of bridges for HS2 at Birmingham Interchange. 
Here the system resulted in savings of 8 weeks in the construction of bridge abutments, as well as 
an 8% reduction in embodied carbon for the abutments and wingwalls, and a reduction of 
construction labour for the abutments of 84%.  Subsequent schemes have seen further 
development of the system and repeating and increasing benefits. 

Keywords: DfMA, modular, sustainability, concrete, bridges 

1 Introduction 
While components such as precast beams have 
been used for bridge superstructures for a number 
of years, the use of component-based design and 
construction has been less common for bridge 
substructures.  A component-based system was 
used for four new bridges for HS2 at Birmingham 
Interchange, and this has led to significant 
improvements in productivity and reductions in 
embodied carbon.  This challenges traditional 
design methodologies and workflows.  It has also 
enabled learning to be carried through to 
subsequent schemes, driving continuous 
improvement. 

2 Development of modular bridges 
for HS2 Birmingham Interchange 

2.1 Background to modular bridges 
Offsite manufacture has the potential to deliver 
improvements to bridge construction processes, by 
allowing elements to be constructed in advance in 
factory-controlled conditions, thereby taking 
construction activities off the critical path.  It has 
the potential to move work activities from site to 
factory, smoothing labour demands, allowing more 
of the labour force to work close to home and in 
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Abstract 
Flat slab structures have been largely studied over the last decades since its structural behavior 
presents complex phenomenon, particularly the punching shear. The implement of openings near 
the columns is a common procedure and can affect the slab punching shear capacity. The 
high/ultrahigh-performance fiber-reinforced concrete (HPFRC/UHPFRC) has been demonstrated an 
alternative for structural reinforcement and connections. In this context the study of reinforcing the 
shear punching region with HPFRC has been carried out and showed positive results in terms of 
punching shear strength. This research carried out the simulation of a flat slab structure with 
openings reinforced with HPFRC in the punching region. The validation of the numerical model is 
done by comparing it with the results obtained from the experimental test and the behavior of the 
slab in relation to the shear caused by the punching. The numerical model will be developed by the 
commercial finite element software ATENA. Finally, a parametric study was conducted to evaluate 
the influence of the slab opening and the improvement in this behavior with the presence of HPFRC 
reinforcement in the column region. 

Keywords: Reinforced concrete; Flat slabs; Parametric structural design; Punching shear; HPFRC. 

1 Introduction 
Over the past few years, concrete technology has 
been developing different types of concrete with 
the presence of fiber that improve their mechanical 
properties. And among these materials are 
high/ultra-strength concrete with fiber 
reinforcement (HPFRC/UHPFRC), being a new type 
of concrete with unique characteristics, such as a 
low wat-binder ratio, the inclusion of pozzolanic 
materials, high tensile strength and low 
permeability. The use of these concretes with 
advanced characteristics has been used in various 
structural applications aiming to design slender, 
lighter and more sustainable structures due to the 
possibility of minimizing material consumption.  

Due to its high tensile strength and good 
toughness, it has proven to be an excellent solution 
for reinforcing structural elements subjected to 
shear stress, such as slab-column connections in 
flat slabs where there is a high concentration of 
shear stress and bending moments in a small area 
of the structure. Isufi and Ramos [1] carried out a 
study reviewing tests carried out using HPFRC as 
structural reinforcement in flat slabs subjected to 
punching, and a better final performance in the 
ultimate limit state and serviceability of the slabs 
was observed, increasing their capacity of shear 
resistance and better control of cracking in the 
internal region. Recently, Isufi et al. [2] investigated 
the behavior of large flat slabs with the hybrid use 
of normal strength concrete (NSC) and HPFRC. The 
results of these experimental tests showed better 
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Abstract 
Reinforced concrete shearwall structure has been widely used in high-rise and super high-rise 
residential towers because of its high stiffness, high damping, low cost and good adaptability of 
component layout. Shearwall structure assembly are composed of shearwall limbs and coupling 
beam component. The shearwall is generally arranged along the vertical height, the lower part 
extends into the basement, and finally supports on the foundation. In addition, due to the needs of 
the entrance hall at the bottom of the residential tower or commercial functions, some shearwall 
assembly are often converted into frame structures at the bottom of the building, which is called 
frame-supported shearwall assembly. The structural system composed of full-height shearwall is 
called full-height shearwall structure, and the structural system composed of partial full-height 
shearwall and partial frame-supported shearwall is called partial frame-supported shearwall 
structure. The shearwall structure component need to consider both vertical gravity and lateral load 
to design the strength, stiffness and comfort of the structure. This paper studies the design of 
shearwall component of residential towers with a height of 100-200 meters, and adopts sensitivity 
analysis method to analyze the control indexes of components with different heights and positions. 
It is found that the design of low-zone components is usually controlled by the requirements of 
seismic ductility, while that of middle-zone components is usually controlled by the requirements 
of stiffness under earthquake or wind loads. High-zone components are usually controlled by 
structural requirements. On the basis of sensitivity analysis, this paper further discusses the design 
optimization method and flow of shearwall assembly. Finally, the sensitivity analysis and 
optimization design methods are discussed based on a real case of residential tower. The case 
analysis and optimization results verify the effectiveness of the relevant analysis and design 
methods. 

Keywords: Reinforced concrete shearwall residential towers, shearwall assembly, frame-supported 
shearwall assembly,  performance control index, sensitivity analysis, optimal design method. 
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Abstract 
Multi-Core Supertall Buildings is connected by coupling trusses, whose main structural feature is 
significantly different from traditional core-tube structures. The strength of the connection between 
the coupling trusses and the main structure is the main influence factor of the structure index and 
the bearing capacity of the main components. Therefor sensitivity analysis should be conducted on 
the impact of the coupling trusses and adjustments should be taken to control the structure index. 
The paper takes a multi-core supertall as an engineering case to explore the impact of the coupling 
trusses under earthquake stiffness constraints on the structural performance. The case showes that 
sensitivity analysis can comprehensively test the impact of coupling trusses on multi-core supertall 
buildings and the key parts that need to be strengthened, which improved the performance of the 
structure, promoted the rationality and economy of engineering design. 

Keywords: Multi-Core Supertall Buildings, Coupling Trusses, sensitivity analysis 

1 Introduction 
With the development of office buildings, the 
demand for large space is increasing rapidly. The 
frame-corewall structure is one of the most 
commonly used structural system for high-rise 
office buildings. Separating the core tube from the 
frame in order to release the spatial layout of the 
building is becoming an increasingly common 

design method for office buildings. Multi-Core 
Supertall Buildings with large space is the 
separation of the corewall and frame which bring 
new features and challenges to the traditional 
structural system. It has become the focus of 
attention to deal with the irregular layout of the 
structure brought by the building demand. 

Existing literature has summarized theoretical 
research and design practices for Multi-Core 
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Abstract 
Rapid overconsumption of natural resources is a primary driver of climate change. Reinforced 
concrete and steel, the two primary construction materials for bridges, have a heavy environmental 
footprint and can fail prematurely from corrosion. Extending the lives of existing bridge structures 
reduces mining and processing activity needed to produce new construction materials. Thermal 
spray zinc (TSZ) coatings have proven to be very durable for protecting and extending the lives of 
both reinforced concrete and steel bridges. Corroding reinforcing steel in concrete structures can 
be protected using TSZ external anodes. The anodes easily adhere to the contours of the bridge and 
colour match with the concrete. Steel bridges can be protected with TSZ coatings alone or as painted 
‘Duplex’ TSZ coatings.  TSZ coatings can be applied in the factory or in the field, making them ideal 
for the rehabilitation of existing bridge structures showing signs of corrosion.  

Keywords: Corrosion, rehabilitation, thermal spray zinc, external anodes, cathodic protection, 
metallic zinc, duplex zinc coatings, zinc 

1 Introduction 
Reinforced concrete and steel are two widely used 
construction materials. Concrete is a mixture of 
cement, aggregate and water with good 
compressive strength. It is reinforced with steel 
bars to provide better tensile strength. Steel is an 
iron-carbon alloy, strengthened with the addition 
of other elements. In 2020 global cement 
production was 4.2Bmt [1], while crude steel 
production was 1.9Bmt [2].  

The production processes for the main component 
of each material, cement and iron, both have a high 
carbon footprint. In 2020, CO2 emissions for 
cement were reported as 988kg per tonne of 

cement [1]. For steel, CO2 emissions were reported 
as 1,890kg per tonne of steel [2]. 

Based on the high volume of production of both 
materials, the manufacture of cement and steel are 
major contributors to greenhouse gases that 
contribute to climate change. In 2020 global CO2 
emissions for cement production were 4.1Bmt, and 
3.6Bmt for steel. Further emissions will arise from 
production of other components, transportation, 
and installation, all adding to the carbon footprint. 
Extending the life of existing structures will be an 
important way to reduce CO2 emissions from the 
production of new construction materials.  
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Abstract 
Hundreds of Britain’s masonry railway bridges are in the way of Network Rail's electrification programme. 
ElevArch® is a unique method to raise a masonry arch to create sufficient space for the overhead line 
equipment to be installed beneath. The full-scale demonstrator on East West Rail in 2016 proved the method 
was viable by successfully lifting a farm accommodation bridge by 900mm. 

The secret to its success is the careful sequencing of operations to control the arch thrust when the arch is 
cut free from the foundations. The method is cheaper than the two current alternatives of track lowering 
and bridge reconstruction and is, therefore, of interest not just for heritage structures but across the railway 
network. With Network Rail's electrification programme restarting after a long pause, it is time to reconsider 
ElevArch as a viable and cost-effective option. This paper explains ElevArch in detail to enable designers, 
contractors, and asset owners to assess whether the technique could be suitable for their structures. 

Keywords: ElevArch, masonry arch, bridge jacking, railway electrification, route clearance, heritage 
structures, sustainability. 

1 Limitations of existing methods 
Many of Britain’s historic masonry arch bridges are 
in the way of railway electrification schemes 
because there is not sufficient space beneath the 
arch to fit in the Overhead Line Equipment (OLE). 
The two principal solutions for creating 
substantially more headroom are track lowering 
and bridge reconstruction and both can present 
problems.  

Track lowering can cause or exacerbate flooding 
and may require geotechnical works to protect 
bridge foundations, which are often shallow. 
Excavation and re-laying of track typically extends 

over several hundred metres to limit gradients. If 
the structure is close to another asset, such as a 
station, altering the track level might not be viable. 
The method is very disruptive to the rail user and is 
expensive, typically £1,5-2 million per bridge. 

Bridge reconstruction usually involves demolishing 
the masonry arch and installing precast reinforced 
concrete portal beams in its place. There are risks 
associated with demolition and with heavy 
cranage, especially if overhead utilities are present. 
Access for the crane and delivery of precast 
concrete can be problematic. The removal of the 
arch destroys any heritage value. The solution 
usually requires two weekend possessions of the 
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Abstract 
Steel railway bridges in Japan were built in large numbers following the standard design established 
in 1885, and many older steel bridges are still in service today. One standard structure is that of an 
I-beam bridge with an I-beam main girder. One typical damege of these bridges is the fatigue crack,
occurring near the radius of the bottom edge of the girder plate just above the fulcrum, propagating
parallel to the bottom flange in an axial direction. The authors considered welding as a
countermeasure for such cracks, but the guidelines for repair and strengthening of steel railway
bridges in Japan do not provide details for welding steel members of steel bridges manufactured
before 1940. In this study, we examined six bridges constructed in different years between 1889
and 1932, and after confirming their weldability, fatigue tests were conducted on butt welded joints
made from their steel material to confirm fatigue strength.

Keywords: older steel railway bridges; repair; welding. 

1 Introduction 
Steel railway bridges in Japan date back to the later 
part of the 19th century, when a large number were 
built starting with a standard structure designed by 
British engineer Charles Pownall in 1885, and many 
of these older steel bridges are still in service today. 

One standard structure is the I-beam bridge with 
an I-beam main girder, as shown in Figure 1. I-beam 
bridge construction is shown in blueprints and six 
bulletins published by railway agencies from 1897 
to 1931 [1], and in the 1966 National Railway 
Standard Design [2]. These bridges reflect the 
establishment and revision of the Specifications for 
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Abstract 
Seismic reinforcement for steel members employing carbon fiber reinforced plastic (CFRP) bonding, 
which has been recently implemented in the repair and reinforcement of steel structures, can be 
expected. However, no examples exist wherein the superstructure is seismically reinforced using 
CFRP. Therefore, the author's group intends to perform tension loading tests, compression loading 
tests, and cyclic loading tests to examine the suitability of the CFRP bonding technique as a seismic 
strengthening method for axial members with H-shaped or rectangular cross sections in steel truss 
and arch bridges. In this paper, the outcomes of monotonic compression loading tests for H-shaped 
column specimens, with a focal point on local buckling, is presented. 

Keywords: seismic reinforcement; steel truss bridge; steel arch bridge; H-shaped column; carbon 
fiber reinforced plastic (CFRP); monotonic compression loading test; local buckling 

1 Introduction 
After the Great Hanshin-Awaji Earthquake in 1995, 
the seismic design of road bridges in Japan was 
revised, resulting in the standard use of dynamic 
response analysis. Steel members such as the lower 
chords and diagonal members of steel truss bridges 

utilized in various expressway projects have a small 
cross-sectional area. Dynamic response analysis 
judges these members incapable of supporting 
sufficient loads and therefore they undergo seismic 
reinforcement.  

Seismic reinforcement for steel  members 
employing carbon fiber reinforced plastic (CFRP) 
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Abstract 
This paper studies a new kind of irregular-shaped concrete-filled steel tube column to H-shaped 
steel beam joints with inner semi-diaphragm (ICFSTC-Joint), which exhibits excellent seismic 
performance, bearing capacity and stiffness in the engineering structures. Firstly, the experiments 
of four ICFSTC-Joint specimens under cyclic loading are carried out to investigate their hysteretic 
behavior and failure mode. It is found that the axial compressive ratio has significant negative 
influence on the hysteretic behavior of ICFSTC-Joint. Secondly, the finite element (FE) models of 
ICFSTC-Joint are established and verified by the experimental results. The hysteretic curves and 
skeleton curves of FE model are obtained and agree well with the experimental results. Thirdly, a 
parameter analysis on the size of diaphragm is carried out by using established FE model. This paper 
can provide guidance for the engineering design of CFST column to beam joints under earthquake. 

Keywords: Concrete-filled steel tube; Joint; Seismic performance; Hysteretic curve; Finite element 

1 Introduction 
Irregular-shaped concrete-filled steel tube column 
has attracted widespread concern of researchers 
and been used in residential buildings for its 
superiority in spatial shape, which enables it to 
avoid the protrusion of the column relative to 
adjacent wall and increase the available area and 
aesthetic of indoor space [1]. However, for its 
irregular-shaped and multi-cell section, the 
irregular-shaped concrete-filled steel tube column 
to beam joint is complex in terms of construction 
method and mechanical performance, which has 
been a focus of current research in the field of 
building engineering. 

In authors’ previous paper [2-3], we proposed a 
kind of irregular-shaped CFST column (ICFSTC) 

formed by I-shaped steel, U-shaped steel and 
infilled concrete. In this paper, to match the 
proposed irregular-shaped CFST column,proposes 
a new kind of irregular-shaped CFST column to H-
shaped steel beam joints with inner semi-
diaphragm (ICFSTC-Joint), as shown in Figure 1. The 
flange of H-shaped steel beam is welded with the 
outer surface of column wall, and the web of H-
shaped steel beam is connected with the plate 
welded with the column wall by bolts. The inner 
semi-diaphragm is placed inside the joints and its 
three sides are welded with the inner surface of 
column wall. The inner semi-diaphragms stand 
directly opposite to the top and bottom flanges of 
H-shaped steel beam. The inner semi-diaphragm
has two small round holes to facilitate ventilation
during the concrete pouring. The inner semi-
diaphragms can increase the bearing capacity of
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Abstract 
Filler beam decks are a traditional steel concrete composite deck for railway and roadway bridges 
which has been in use since decades without major changes in its configuration. The use of steel-
fibre reinforced concrete (SFRC) as complement to the traditional reinforcement is investigated to 
reach a more optimized, environmental-neutral and resilient structural form. 

In this frame a large experimental campaign has been initiated, whereas in this paper the monotonic 
bending beam tests will be discussed. In term of resistance the major difference is the superior 
ductility of SFRC which permits to fully exploit the resistance of the steel profile. On the other side, 
the presence of the steel fibres highly enhances the tensile properties of the concrete matrix 
contributing to a significantly higher bending stiffness.  

Keywords: filler beam decks, steel-fibre reinforced concrete, high-strength steel, composite bridge. 

1 Introduction 
Fibre reinforced concrete (FRC) is established as 

the solution of choice in several industrial or 
tunnelling applications. The trend is towards an 
increased use in structural applications [4], where 
it can play a significant role both at serviceability 
limit state (e.g. increasing concrete tensile 
properties permit to decrease crack formation and 
width) as well as ultimate limit state (e.g. for flat 
slabs they can be a substitute of traditional 
reinforcement). They may bring also other 
important benefits in specific fields (e.g. reduced 
concrete spalling in case of fire exposure).  

Fibre reinforcement may be realized out of a 
variety of materials. Amongst them steel fibres is 
the solution of choice for standard structural 
applications thanks to their high strength 
(commonly available products over 1500 MPa yield 
strength) and moderate unitary cost.  

The structural behaviour of fibre reinforced 
concrete has been intensively researched over the 
last decades and the knowledge is now mature 
enough to be transferred into design codes ([10]). 
In this sense it can be expected that practitioners 
will increasingly use this product in the future. 

Several research studies were already performed 
(e.g.[3], [4], [5], [6], [7], [8]) but the use of SFRC in 
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Abstract 
In Europe the EN 1317 defines testing and certification procedures for vehicle restraint systems 
depending on the containment level. The monitoring data obtained in these tests can be used to 
determine the accidental loads for bridges in case of vehicle impact. The present study investigates 
which quantile of real-life vehicle impacts the respective test conditions correspond to. Based on 
fundamental mechanical principles a ratio between the results obtained with the parameters of the 
crash test and the statistical parameters for real-life events with different vehicle mass, velocity or 
angle of impact can be calculated. The distribution function of this factor is determined in parallel 
by the orthogonal array and Latin hypercube sampling methods, using the Kolmogorov–Smirnov 
and chi-squared goodness of fit tests. Thus, the quantile corresponding to a given containment level, 
as well as a multiplicator required to reach a chosen level of safety can be determined. 

Keywords: vehicle restraint system; roadway departure accident; impact load; accidental action; 
vehicle mass; angle of collision; impact velocity; orthogonal array sampling, latin hypercube 
sampling. 

1 Introduction 
In Europe the EN 1317-1 [1] and EN 1317-2 [2] 
standards define testing and certification 
procedures for road restraint systems. For each 
containment level the test conditions are specified, 
including the vehicle type, mass, its velocity, and 
angle of impact. In Germany the results of the tests 
and the accompanying measurements are also 
used to determine the accidental loads for bridges 
due to vehicle impact. In this case the question 
arises, if the test conditions specified in the 
standard may be considered as representative for 
vehicle impact in general. The present study aims 
to answer this question, more specifically to 
determine which quantile of real-life vehicle 
impacts the test conditions correspond to. 

2 Background 

2.1 Vehicle Restraint Systems 

The purpose of vehicle restraint systems (VRS) is to 
minimise the consequences of accidents. On the 
one hand, they are intended to protect uninvolved 
persons or areas in need of protection next to the 
road as well as oncoming traffic on two-lane roads. 
On the other hand, they also serve to protect 
vehicle occupants from the serious consequences 
of a roadway departure. 

In Europe, VRS are regulated by the EN 1317 series 
of standards. In EN 1317-2 [2], performance levels 
are specified for the following three key vehicle 
restraint criteria:  
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Rehabilitation of the flood damaged Mhlali River Bridge and 
adaptation for improved resilience to extreme weather events

to improve the superstructure’s resistance to lateral 

infrastructure, a key component of a country’s 

was built in the 1960’s and 
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Abstract 
Carbon Fiber Reinforced Polymer (CFRP) is an advanced material known for its lightweight, high strength, 
corrosion resistance, and fatigue durability, making it an ideal choice for cables in structural engineering. 
However, being an anisotropic material, CFRP faces challenges in anchoring due to its lower transverse 
mechanical properties compared to its tensile strength. In response to this issue, this paper designs and tests 
a self-anchored combined CFRP cable with variations in anchorage type, joint type, and CFRP plate thickness. 
The results reveal that interface shear stress causes delamination failure in the anchorage, leading to lower-
than-expected load-bearing capacity. Through improved design and processing methods, interface damage 
in the anchorage is reduced, enhancing load-bearing capacity and achieving an ideal failure mode of cable 
body rupture. 

Keywords: Carbon fiber reinforced polymer (CFRP); cable; anchorage; Self-anchored. 

1 Introduction 
Carbon Fiber Reinforced Polymer (CFRP) is 
composed of carbon fibers embedded within a 
polymer matrix, showcasing notable attributes 
including lightweight characteristics, elevated 
tensile strength, resistance to fatigue, and 
corrosion resilience. These attributes make it a 
promising solution to address challenges 
encountered by traditional steel cables, including 
significant self-weight, susceptibility to corrosion, 
and fatigue issues. However, CFRP is an anisotropic 
material, exhibiting lower transverse mechanical 
properties compared to its longitudinal tensile 
strength. Consequently, anchoring and connecting 
the CFRP cables have presented formidable 
challenges in past engineering practices [1-3]. 

In addressing this challenge, researchers have put 
forth diverse anchoring solutions, systematically 
classified according to anchoring mechanisms, 
including mechanical-type anchorages, bonded-
type anchorages, composite-type anchorages, and 
self-anchored systems. The first three types 
achieve anchoring through force transmission on 
the surface, but due to the relatively low shear 
strength of CFRP, their efficiency is often 
compromised, and their structures tend to be 
intricate. Self-anchored systems, on the other hand, 
efficiently convert cable tension into pressure on 
the anchoring ring, resulting in a simpler and more 
effective structure. Leveraging the principles of 
self-anchoring, we have introduced a novel self-
anchored CFRP cable system, as illustrated in 
Figure 1 [4]. 



 https://doi.org/10.2749/manchester.2024.1212
Distributed by 1212

IABSE Symposium Manchester 2024 
Construction’s Role for a World in Emergency 

 

Liaseal Design Concept - A new era of more durable and reliable 
segmental post-tensioned construction 

Emil Delport 
Freyssinet Limited, Telford, UK 

Nuno Geirinhas  

Freyssinet International, Paris, France 

Contact: emil.delport@freyssinet,co.uk, nuno.geirinhas@freyssinet.com 

Abstract 
The construction of prefabricated segmental viaducts in the United Kingdom are subject to a ban 
following major incidents (collapse) on structures due to anticipated corrosion problems of internal 
prestressing tendons. On the HS2 project, the Client's specifications opened the possibility of 
deviating from this ban by specifying the highest level of protection against stray current induced 
corrosion to the prestressing tendons according to engineering industry standards such as FIB 
Bulletin 33. 

The highest protection level specified as PL3 requires the non-destructive monitoring of tendons 
against corrosion, by monitoring the impedance current levels of each tendon. To obtain high level 
results, each duct must be completely insulated to any other metallic components of a reinforced 
concrete structure and to avoid any leakage current in the concrete surrounding the tendon ducts. 

The standard solution adopted on the prefabricated segmental viaducts (the use of a foam/silicone 
seals at the joints between segments) and the use of steel corrugated ducts, were therefore not 
suitable for PL3 level requirements because they do not provide an Electrically Insulated Tendon 
(EIT) system. To achieve an ETI system is to use electrically isolating materials not only for the duct 
(normally polypropylene (PP) or high-density polyethylene (HDPE)), but also at the PT anchor head 
using an isolation plate and encapsulating the strand within a plastic duct with an alkaline, cement-
based grout with limited chloride content. 

Freyssinet provided an electrical isolated PT anchor, adopted to connect with the HDPE duct but to 
further ensure continuity between the precast segments developed a duct coupler seal called 
“Liaseal” in compliance with FIB bulletin 75, to ensure a sealed polymer-duct system for internal 
bonded post-tensioning tendons to PL3 requirements. 

Keywords: Post-tensioning; Liaseal; PL3; Electrically Isolated Tendons (EIT); PSV; Freyssinet. 
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Abstract 
In order to build durable and sustainable prestressed concrete bridges and structures, preventing 
the steel components and the tendons from corrosion is key. Accordingly, for bridges with internal 
bonded post-tensioning, polymer duct systems should be used. The article gives an overview of the 
50-years history of plastic ducts in post-tensioning, the selection of tendon protection levels (PL’s)
according to fib bulletin 33 [1] and information for structural engineers regarding design and
detailing of concrete structures with polymer ducts according to fib bulletin 75 [2].

Keywords: post-tensioning; fib bulletin 75, plastic ducts, corrosion protection, fatigue resistance, 
prestressed concrete bridge 

1 Introduction 
Polymer duct systems for internal bonded post-
tensioning enjoy growing popularity as one of the 
key components for corrosion resistant, durable 
and therefore sustainable concrete bridges. fib 
Bulletin 75 “Polymer-duct systems for internal 
bonded post-tensioning” [2] was issued in 2014 
and is considered a cornerstone for technical 
approval process of polymer or plastic ducts. It 
provides information for the structural engineer 
regarding design and detailing of concrete 
structures containing post-tensioning tendons with 
corrugated plastic ducts. 

2 History of plastic ducts 
The use of plastic ducts for internal bonded post-
tensioning began in Switzerland. Between 1968 
and 1974, around 300.000 m of corrugated black 
PE pipes were installed in highway bridges and 
overpasses [2]. 

One of the first major bridge projects to utilise 
plastic post-tensioning duct is the Chillon Viaduct, 
see Figure 1.  

This structure is located at the eastern end of Lake 
Geneva and is part of the Swiss A9 motorway. It 
was completed in 1969 and consists of 23 spans 

Figure 1.  Chillon Viaduct  
© Wikimedia, Zacharie Grossen 
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Abstract 
This paper presents a case study of underpass situated on Säterinpuistontie Street as part of the 
ESKA railway widening project in Finland which facilitates a cycleway, road, and tram tracks passing 
under the railway. Due to the proximity of the water table to the ground level in this area, specific 
design considerations are necessary to prevent structure uplift. The primary objective of the case 
study is to conduct a comprehensive comparison of the material, cost and carbon emissions 
between two distinct design approaches for watertight U-shaped reinforced concrete trough 
structures which involves a gravity structural system using high-density concrete and normal-
density concrete with structure anchored to the base rock using steel anchors. The study aims to 
emphasize design methodology, variations in structural analysis methods employed by these 
approaches and provides a comprehensive understanding of the environmental and economic 
implications. 

Keywords: trough; anchors; reinforced concrete; high density concrete; GWP; carbon; sustainability 

1 Introduction 

1.1 Project Background 

Espoon kaupunkirata (ESKA) railway widening 
project includes construction of two additional 
tracks next to the current tracks between 
Leppävaara and Kauklahti in Espoo, Finland. 
Espoon kaupunkirata is the first phase of the 
Helsinki-Turku high-speed rail project. This will help 
to improve capital region public transport system. 
Along with the track, cycling corridor near the track 
is also planned. This project involves construction 
of Railway and Pedestrian bridges, Underpass, Pile 
slabs and Retaining walls. The focus of this case 

study is on one of these underpasses situated on 
Säterinpuistontie street. This underpass facilitates 
a road traffic, light traffic and tram tracks passing 
under the railway and cycle bridge. It also serves as 
a supporting structure municipal utility pipelines.  

Figure 1. Location of Underpass 
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Abstract 
A novel lap splice connection by ultrahigh-performance concrete (UHPC) was proposed to connect 
bridge columns with footings. The bond strength between UHPC and reinforcement was quantified 
by the genetic programming-orthogonal least squares tool. Then, an approach was advanced to 
guide the design of the proposed connection. Further, a 1/3.5 geometrically scaled bridge specimen 
was designed and tested on shake tables to validate the effectiveness of this connection designed 
by the proposed approach and to analyze seismic responses of the specimen. Test results revealed 
that the precast columns damaged in a flexural pattern reached a drift of 3.2% under the peak 
ground acceleration of 1.4 g. Moreover, most inelastic deformation and damage occurred above the 
column-footing connection segments which, designed by the proposed approach, remained barely 
damaged. Meanwhile, the strain concentration effect at the column bottom was less significant.  

Keywords: accelerated bridge construction; lap splice connection; ultrahigh-performance concrete; 
genetic programming-orthogonal least squares; shake table test. 

1 Introduction 
To date, accelerated bridge construction (ABC) has 
gained popularity in low seismic zones by virtue of 
fast construction, stable quality, and less 
interference in traffic. Meanwhile, the advent of 
ultrahigh-performance concrete (UHPC), which 
owns a compressive strength of as much as 200 
MPa and excellent post-cracking tensile behavior, 
offers opportunities to develop new connections 
for ABC. One of the most prevailing connections is 

the UHPC-based lap splice connection due to its 
friendly tolerance in construction. Nevertheless, its 
most critical problem is guaranteeing enough bond 
strength between UHPC and reinforcement to 
develop an expected reinforcement strength. Thus, 
many studies, including pullout tests [1-4] and 
quasi-static element tests [5-7], have been 
conducted to reach this purpose. Although some 
quantified guidelines have been made through 
pullout tests to develop a certain reinforcement 
strength, this strength is somewhat arbitrary and 
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Abstract 
Cable corrosion has been becoming significant issues for the bridge structures having with cable or 
hanger materials, such as suspension bridges, cable-stayed bridges, tied arch bridges and so on. 
Many of these bridges, which were built in 1980s and 90s, are possibly surviving under the cable 
corrosion.  Existing tied arch bridge was collapsed in Taiwan in 2019. It is reported that cable 
corrosion is the one of the main reasons to trigger the entire bridge collapsed. In this study, the 
numerical bridge model inspired by the Taiwan arch bridge was designed for analyzing the dynamic 
analysis of chain reaction failure considering with the cable corrosion. The corrosion of cable is 
represented by the decreasing of yield stress and breakage strain, and the first ruptured cable which 
is represented by the decreasing tensile force instantly. According to this analysis, if the cables are 
corroded significantly, the chain reaction failure would be occurred. 

Keywords: Cable-stayed bridge; cable corrosion; chain reaction analysis; dynamic analysis; FEM. 

1 Introduction 
Corrosion is one of the most significant issues for 
the steel structures, especially corrosion of the 
cables is critical to the bridges which have cables. 
Anti-corrosion and/or anti-rust are often painted 
on the surface of cables to avoid the cable 
corrosion, however, the painting would be peeled 
off due to aging. These cable corrosions led to 
significant accident including entire bridge 

collapses in many countries, therefore cable 
corrosion should be determined and examined the 
effect to the bridges, especially built in 1980s to 
1990s. For example, a tied-arch bridge in Taiwan 
was totally collapsed, which was reported the 
cause of bridge collapses was due to significant 
cable corrosion. This collapse was also pointed out 
that it was “zipper-type collapse”, which the first 
cable ruptured the second and third cables were 
ruptured one after the other [1]. 
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Abstract 
This study aims to clarify the influence of the variability in the material properties of Glass Fiber-
Reinforced Polymers (GFRP) and the modeling method of GFRP on the slipping behavior of high-
strength bolted frictional GFRP joints. Therefore, study conducted a statistical evaluation of the 
variability in material properties and finite element (FE) analysis. As a result, the initial load-relative 
displacement relationship in the anisotropic model generally matched the experimental results. 
Furthermore, it was found that the Poisson's ratio did not have a significant impact on the slipping 
behavior in any direction. The material property that most influenced the slipping behavior was 
considered to be the shear modulus in the plate thickness direction.  

Keywords: GFRP, high-strength bolted frictional joints, slipping behaviour, material properties, 
variation 

1 Introduction 
Glass fiber-reinforced polymers (GFRP) are often 
applied in civil structures and bridge members in 
harsh corrosion environments owing to their 
excellent lightweight properties and weather 
resistance. In such cases, bolted connections of the 
bearing type are commonly used as mechanical 
joining methods between GFRP members. 
However, these connections face challenges, such 
as low shear strength and elastic modulus. As a 
result, the joint resistance was low and the number 
of bolts increased. Additionally, challenges remain 
in on-site assembly, including the need to align hole 
positions. Therefore, to enhance joint strength and 
improve on-site constructability, high-strength 
frictional bolted joints, which resist the load 
through the frictional force generated by 

introducing axial force to high-strength bolts, have 
been attracting attention. 

In contrast, GFRP underwent creep deformation. In 
practice, when applied to high-strength bolted 
frictional joints, the critical axial force in the 
frictional joint continues to decrease over time 
owing to the creep deformation [1]. Therefore, the 
current situation is that there are few applications 
of high-strength bolted frictional joints with GFRP. 
Hashimoto et al. [2] experimentally demonstrated 
that using steel in the connecting plate can mitigate 
the decrease in bolt axial force, focusing on thick 
hand lay-up molded materials used in civil 
structures. Therefore, our research team has 
experimentally shown that the reduction of the 
bolt axial force can be suppressed by using steel as 
the splice plates for thin GFRP joints and clarified 
the practical feasibility of bolted joints used in 
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Abstract 
The Center of Excellence for Risk-Based Community Resilience Planning (CoE) has begun to provide 
analyses on damage, functionality loss, recovery, etc. at the community level for a suite of possible 
hazard events via the Interdependent Networked Community Resilience Modelling Environment 
(IN-CORE). These analyses are instrumental to leveraging state of the art science in community 
decision-making; however, for this work to be as actionable as possible, the outputs must be 
validated for a range of implementation contexts and communities. The work presented here 
describes a longitudinal study of a series of communities impacted to varying degrees by a tornado 
outbreak in December of 2021 and the way in which this longitudinal data will be used to validate 
models in IN-CORE. This longitudinal study is still underway as it serves to capture recovery data for 
three years following the event.  

Keywords: Interdisciplinary disaster research; resilience modelling; natural hazards; field study; 
social vulnerability  
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Abstract 
The construction industry is behind other industries in productivity. With more large infrastructure projects 
to be built, it is essential that design and construction could be performed with high productivity. This paper 
focuses on how standardisation of bridges can result in higher productivity. A quantitative study was 
performed to examine essential parameters that have potential to increase productivity in the Swedish 
bridge construction industry; it also examines how standardisation could increase productivity; and how 
specific incentives of the three significant actors (contractor, client and design engineer) could be obstacles 
to productivity. The main findings are that the actors believe in standardisation as a way to increase 
productivity. Reinforcement layout was one important parameter to increase productivity. Contractor’s view 
on profit could be an obstacle to productivity. Increased productivity would be more sustainable 
infrastructure delivery and here the client has an important role to play. 

Keywords: Productivity; Standardisation; Parameters; Obstacles 

1 Introduction 
Transport infrastructure is an essential part of 
developing society. The construction industry is 
also a significant contributor to the economy; 
globally, it accounts for 13% of the world’s GDP [1]. 
It is also responsible for a significant part of the 
material resources used, representing 37% of the 
total CO2-equivalent emissions [2]. At the same 
time, it is well-established that the construction 

industry in many countries can be more productive. 
Research shows that productivity has decreased 
[3–5], or at least is much lower than the rest of the 
economy [6–8]. A research study in Singapore 
shows that the annual growth in construction 
productivity was negative in 2 of 7 years, and in 4 
of 7 years, it was below the growth of the rest of 
the economy [9]. A study in Sweden indicates that 
the construction industry has had a cost increase, 
which is twice as high as other industries for the 
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Abstract
A new footbridge was required for the Soho Wharf residential development in Birmingham, UK. The
bridge was to cross an existing canal from the development side and was to meet the far side
through the parapet of a masonry arch footbridge without bearing onto the masonry arch barrel.

A low-cost static cantilever footbridge system was developed with no positive between the tip of
the cantilever and the opposing side. This was in the form of an economic stiff and lightweight truss
held down by a concrete kentledge under the back span. Existing structures were repurposed for
use on both side of the canal.

The vertical deflection was found to be the governing design criterion. Sensibile construction
sequencing and use of designed levelling devices were emoloyed to mitigate the risks associated
construction and any longer-term movement.

Keywords: post-tensioning; cantilever; footbridge; steel; canal; Birmingham;

1 Introduction
The new Soho Wharf residential development has
brought 750 new canal side homes to the city of
Birmingham. During the construction, the

developer, Galliard Homes, had a planning
requirement to discharge to deliver a new
footbridge to connect the development side to the
far side tow path of the Old Main Line Canal.

Figure 1 The crossing in April 2021 with the development side to the left of picture
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Re-use of wind turbine steel towers for pedestrian bridges
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Design and Construction of the Flyover in the Intermodal Ferry 
Terminal in Świnoujście 
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Abstract 
This paper presents various aspects of the design and construction of the flyover in the ferry 
terminal in Świnoujście, which has been recently developed to allow for the intermodal transport 
(by water, rail and road). The expansion of this terminal is the part of the wider transportation 
network development project aiming to improve connections between Scandinavia and Central and 
Southern Europe. In the first part of the paper detail description of the structure is made and the 
design process is briefly discussed. In the second part of the paper few interesting topics related to 
the construction are presented. Finally, topics related to the carbon footprint reduction on this 
project are discussed.  

Keywords: Flyover, double composite, steel, concrete, curved girders. 

1 Introduction 
In the recent years, the “green” focus of Civil 
Engineering has shifted from the sustainability and 
life cycle cost optimization to the reduction of 
carbon footprint. This shift has been driven by 
rapidly progressing climate changes, being caused 
largely by the CO2 emissions resulting from human 
activities. In the current climate situation, the main 
role of the Civil and Bridge Engineering industry is: 

- to support changing transportation infrastructure
such that the use of more environmentally friendly
transport modes is possible and it is preferred by
the users;

- to re-think the approach to building the
infrastructure in the first place and, if deemed
necessary, to refurbish the existing infrastructure
or to design and built new one with the aim of
reducing the associated carbon footprint to the
absolute minimum.

Recently constructed flyover in the Ferry Terminal 
in Świnoujście (Poland) is a part of larger project, 
which main aim was to adapt infrastructure of the 
terminal for intermodal transport and promote 
more environmentally friendly rail transport. 

2 Description of the structure 
The flyover in the Intermodal Ferry Terminal in 
Świnoujście was designed as five span continuous 
structure with the total length of 194,10 m. The 
theoretical span lengths are as follows: 35,00 m + 
50,10 m + 41,00 m + 40,00 m + 28,00 m (see 
Figure 1). The structure is curved in vertical and 
horizontal planes. In the longitudinal profile the 
structure is designed with vertical radius 
R = 800,00 m and straight sections at both ends 
with 9% slope. In plan the structure is designed 
with horizontal radius R = 245,00m (see figure 2). 

The bridge cross section consists of 7,20 m wide 
carriageway, two 0,50 m wide shoulders, one on 
each side of the carriageway, and safety barriers. 
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Abstract 
This paper highlights the challenges faced in large urban bridge infrastructure projects, including 
excessive material consumption and negative environmental impact. It focuses on the optimization 
process conducted for a new pair of railway double-track bridges in Tel-Aviv, Israel, featuring 
continuous prestressed concrete box girders. The design works began in late 2020, with 
construction currently underway. COWI was responsible for the superstructure design packages, 
optimizing the box section, resulting in increased post-tensioning design efficiency and a 30% 
reduction in materials. Through careful planning and teamwork with the contractor, the project 
achieved lower carbon footprint, decreased cost, and increased speed of mobilization. 

Keywords: bridge, railway, post-tensioning, box girder, balanced cantilever, segmental 

1 Introduction 
The infrastructure projects of large and complex 
bridges in urban environments present a significant 
challenge in terms of quantity consumption, 
negative environmental impact around the area of 
the construction site and consequently increased 
carbon footprint of the project. A careful 
assessment of the adequacy of the proposed 
tender design meeting all durability and design 
requirements combined with good construction 
planning eliminating bottlenecks in the 
construction schedule, can result in building more 
economically, more rapidly and with less impact on 
the environment. It is the role of a bridge engineer 
to always consider the above regardless of the 
phase of involvement. 

This paper presents the optimization process 
conducted for the new pair of railway double-track 
bridges BR-05 and BR-06 (total lengths 516 and 762 
m) spanning over a complicated area of the Ein-
Hakore intersection in the southern suburbs of Tel-
Aviv, Israel. Each bridge features a continuous
prestressed concrete box girder of variable depth
(7.2 to 2.6 m), designed as segmental cast-in-place
structure constructed by the balanced cantilever
method. Design works began in late 2020 and
construction of the bridge is currently underway.

2 Design Optimization 
COWI was responsible for the superstructure Value 
Engineering Design and Construction Engineering 
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Abstract 
In response to the Climate Emergency, and to reflect the fact that many practising Structural 
Engineers work on existing buildings and other structures, staff from The University of Sheffield set 
up a new ‘Reuse of existing structures’ module in September 2022.  

The paper describes the rationale behind the module, the module content, the approach to learning, 
teaching and assessment., as well as reflecting on the overall success of the module, taking into 
account the quality of the working submitted and student feedback. 

Keywords: Existing structures; reuse; retrofit; Climate Emergency; education 

1 Introduction 
Many practising structural engineers already work 
on existing buildings or structures, despite this 
topic not being covered in detail at university. Our 
response to the climate emergency means that 
reusing existing buildings and structures will almost 
certainly become an increasingly important part of 
what engineers do in the future. 

In recognition of this, the University of Sheffield set 
up a 15-credit ‘Reuse of existing structures’ module 
for final-year Meng students in September 2022. 
This article discusses our approach and experience 
of introducing this module. 

2 A different mindset 
Although the underlying principles remain the 
same, working with existing structures requires a 
different mindset to designing new structures.  

For a new structure, the structural engineer, in 
conjunction with the design team, has the luxury of 
being able to select the load paths and structural 
materials, but for an existing structure, the load 
paths and structural materials have already been 
determined. 

Furthermore, it can reasonably be expected that a 
new structure will be built in accordance with the 
design intent, but an existing structure may have 
been altered over time (potentially changing load 
paths), while the condition of the fabric may have 
deteriorated.  

Only when all these factors have been investigated 
and understood can new interventions be 
approached with confidence. Even then, the 
engineer must consider not only the behaviour of 
the structure in its final state, but also at every 
stage of construction. 

3 Module overview 
The 15-credit, 12-week module is led by two senior 
university teachers, who have significant industry 
experience of working with existing structures, and 
who deliver the core content. This includes the 
philosophy of working with existing buildings, a 
brief history of building construction, the 
inspection and appraisal process, and testing 
procedures. 

Appropriate calculations are also covered, building 
on previous modules for steel, concrete and 
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Many existing bridges do not have any, or have very little, historical information available. They may 
not have an extensive body of evidence about their change in condition over time. In these cases, a 
considered and pragmatic engineering approach is required. Examples from the UK and Ireland are 
discussed that demonstrate how challenging prior decisions has resulted in a change of outcome for 
existing bridges and enabled them to remain in service. These included challenging the assumed 
condition of structures, scope of inspections, assessment outcomes and decisions, types of intrusive 
investigations, the use of instrumentation and monitoring, and ensuring that touching distance 
inspections were undertaken. Case studies are discussed that capture works associated with existing 
bridges of various forms including: in-situ post-tensioned concrete, precast prestressed concrete, in-
situ reinforced concrete, masonry arch and steel half-through truss. 

Keywords:  existing bridges; inspections; intrusive investigations; assessment; PTSI; deterioration. 

1 Introduction 
It is best practice to use inspections over time 
to create a body of evidence about the 
condition of existing bridges and if / how this is 
changing. Inspections typically comprise a 
combination of routine surveillance, general 
inspections, principal inspections and special 
inspections. Progression of deterioration can 
then be monitored. and operational and 
financial risks and costs managed effectively. 
This type of approach is described in industry 
guidance such as the UK Road Liaison Group 
(UKRLG) Well-Managed Highway 
Infrastructure: Code of Practice [1]. 
While many bridges in the UK and Ireland have 
extensive historical records including design 
records, as-built drawings, inspection reports 
and maintenance records, others do not. The 

reasons for not having extensive historical 
records can be wide-ranging. This situation can 
be particularly prevalent amongst what might 
otherwise be regarded as low-risk bridges (e.g. 
masonry arches on lowly trafficked roads not 
otherwise showing signs of distress) or owners 
of bridges who are not in the transportation 
infrastructure industry otherwise (e.g. 
privately owned bridges). Where there is little 
information available, it can be challenging to 
be confident when making decisions about the 
future works required at a bridge. In some 
cases, a considered approach by experienced 
engineers including targeted inspection, 
investigatory and assessment works can greatly 
aid such decision making. 
This paper discusses case studies undertaken 
by the authors’ employer 
Roughan & O’Donovan. 
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Abstract 
Structural application of impermeable, tensile strain hardening UHPFRC (Ultra-High-Performance 
Fibre-Reinforced-Cementitious Composite) follows two fundamental concepts: 1) Rehabilitation 
and strengthening of existing bridges by adding a layer of UHPFRC, and 2) Construction of new 
bridges in UHPFRC. This paper presents recent UHPFRC project realized in Switzerland using UHPFRC 
for the salvation of deficient reinforced concrete bridges, to improve their structural resistance and 
durability, as well as to extend their service duration. This allows to avoid the common practice 
consisting in the material and cost invasive “demolition-replacement” still largely applied. In this 
way, the UHPFRC Technology using a small amount of a novel building material provides a significant 
contribution towards sustainability since UHPFRC allows to preserve the existing bridge, its original 
materials and embodied energy.  

Keywords: UHPFRC; cementitious fiber reinforced composite material; rehabilitation; structural 
strengthening; existing structures; existing bridges; sustainability. 

1 Introduction 
The problems of insufficient durability of 
reinforced concrete bridges are known for several 
decades already, in particular in regions using 
deicing salts in winter and in marine environments. 
So-called “retrofit” implies traditional repair 
methods, often leading to high intervention and 
user costs as well as limited durability. Novel 
intervention methods are urgently needed to 
improve existing reinforced concrete bridges.  

UHPFRC stands for Ultra-High-Performance Fiber 
Reinforced Cementitious Composite material. 
UHPFRC is composed of cement and other reactive 
powders, additions, hard fine particles, low 
amount of water (W/C≈0.15), superplasticizers and 
very high amount of relatively short and slender 
steel fibers (15/0.2mm). The composition of 
UHPFRC is optimized with respect to compaction of 

particles leading to a waterproof material up to a 
tensile strain of about 0,1 %. The tensile strength of 
UHPFRC typically is about 12 MPa and the material 
shows significant strain-hardening behaviour in 
tension. UHPFRC has compressive strength 
typically of 150 MPa. UHPFRC is nowadays used in 
many countries, mostly in the domain of new 
construction [1]. 

The author and his team have developed the 
UHPFRC rehabilitation and strengthening 
technology over the last 25 years by means of 
scientific research and applications [2,3]. In 
Switzerland (8,7 million inhabitants, area of 41’000 
km2) there are currently more than 400 reinforced 
concrete structures, mainly bridges, that have been 
improved using the UHPFRC Technology, since 
2004. This is the by far highest UHPFRC application 
rate in the world with respect to the size of the 
country.  
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Abstract 
Exe (692m long) and Exminster (302m long) Viaducts were built in 1977 and carry the M5 motorway 
across the Exe Valley in the UK. The deck of both bridges consists of a pair of constant-depth twin-
cell post-tensioned box girders with fully external prestressing tendons. In 2016, corrosion was 
observed in the end-span tendons of Exe Viaduct. A safeguarding solution was proposed comprising 
additional external post-tensioning. In addition, an assessment revealed that the superstructure did 
not have sufficient ultimate capacity in the mid-span regions. The assessment of Exminster Viaduct 
found a similar shortfall in resistance. This resulted in a scheme comprising of external unbonded 
tendon safeguarding in the end spans of Exe Viaduct and internal bonded tendon strengthening in 
all midspan regions for both bridges.  The solution offered a positive environmental impact avoiding 
the need for demolition and deck replacement for these two significant motorway bridges. 

Keywords: bridge; post-tensioning; box-girders; assessment; strengthening; rehabilitation. 

1 Introduction 
The two viaducts discussed in this paper are 
situated just southeast of Exeter between junctions 
30 and 31 of the M5 motorway, which links 
Birmingham in the Midlands to Plymouth in the 
south.  

The structures are separated by a 400m long 
embankment. Exe Viaduct comprises 11 spans 
(53.50m – 9 x 65.00m – 53.50m) over the Rive Exe 
and the Exeter Canal. Exminster Viaduct has 5 

spans (53.50m – 3 x 65.00m – 53.50m) carrying the 
motorway across a double-track railway line.  

The 2.80m deep twin cell concrete box girders (see 
Figure 1) were designed with only external, 
unbonded prestressing. Tendons are up to 170m 
long and pass through saddles cast within internal 
diaphragms spaced regularly within each span. 

Each span contains 16 to 24 tendons (type 6-19 
Dyform) formed from bundled sheathed 
monostrands and with stressing anchorages at 
each end as shown in Figure 2. 
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Abstract 
The many bridges and viaducts in the Netherlands that were built in de 1950s and 1960s are approaching the 
end of their service life. Instead of replacement, which costs a lot of money and resources, reassessments 
and rehabilitation can be used to extend the expected service life of existing structures. For one of these 
structures, Spoorviaduct Uitgeest (a viaduct in the Dutch highway A9), a refined reassessment was requested 
to investigate whether this viaduct is sufficiently reliable. 

In a comprehensive reassessment, performed by Arcadis Netherlands BV, the total viaduct was modelled in 
a 3D FE model. With this FE model, creep, shrinkage, permanent loads, traffic loads and imposed 
deformations were considered. It turned out that the cross-sectional shear checks and the rotational capacity 
were governing. By sufficient use of monitored material properties and refined shear calculations, sufficient 
shear capacity could be proven. Moment-curvature diagrams were used to prove enough rotational capacity. 

Keywords: Prestressed concrete; existing viaduct; reassessment, FE model; rotational capacity; 
shear force capacity. 

1 Introduction 
In 2016, Rijkswaterstaat (the Dutch Ministry of 
Infrastructure and Water Management) had 
applied a quick scan method to investigate the 
structural reliability of structures with prestressed 
T-shape girders. For most of these structures
sufficient resistance against traffic load according
to the current design codes could be proven by
using this quick scan method. For a few structures,
the quick scan method could not prove sufficient
load bearing capacity. One of these structures is
Spoorviaduct Uitgeest. For this viaduct, the quick
scan method resulted in a unity check for the shear

strength verification of 2.04, which means that the 
loads on this viaduct result in shear forces which 
are more than twice the shear load bearing 
capacity of the structure. However, investigations 
on the viaduct did not show any structural damage. 
No single crack had been observed during the 
investigations. This indicates that the structure is 
stronger than the quick scan method implied. It 
was expected that a comprehensive reassessment 
using extended FE calculations could avoid 
replacement or strengthening of the viaduct. The 
FE calculations were performed by Arcadis 
Netherlands BV. 
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Abstract 
Critical infrastructure, such as long-span bridges, is important for the sustainable economic 
development of society.  The safety and serviceability of these structures is highly sensitive to wind 
hazards.  Understanding the risks to the bridges from the wind is crucial to ensuring their resilience, 
particularly with the growing threat of climate change.  In this work, the authors will present case 
studies demonstrating the benefits of early-stage aerodynamic and climate consulting in delivering 
climate resilience for new and existing long-span bridges.  The assessment could enable structural 
engineers to refine wind loads for the design of new long-span bridges, reducing material usage and 
embodied carbon.  For existing bridges, a better understanding of the current performance could 
lead to informed decisions on bridge rehabilitation for climate change adaptation, as part of 
effective asset management, to extend the service life of bridges and reduce user carbon. 

Keywords: bridge aerodynamics; bridge rehabilitation; wind effects; carbon footprint; climate 
resilience. 

1 Introduction 
Bridges – in particular long-span bridges – are 
critical access to the transportation network. 
Under the growing threats of climate change, it is 
crucial to ensure the safety and serviceability of 
both new and existing bridge for the development 
of the economy and society, while reducing their 
environmental impacts.  

Bridges are among the most capital carbon 
intensive elements of the transport infrastructure 
[1].  It is often related to investments required to 
ensure the structures meet usage demands and 
satisfy durability requirements against severe 
environment exposure.  There is little opportunity 
to reduce operational carbon as the majority of 
such activities on bridges are independent of the 
structure itself.  However, well designed and 

managed bridges could remain open during or 
could return to full operation shortly after extreme 
events. This helps reduce user carbon by limiting 
road traffic emission caused by longer journeys or 
travel time due to bridge closure.  Also, well 
maintained bridges have prolonged service life and 
are capable of handling increased usage, without 
the need of constructing new crossings.  

Unlike buildings which are typically designed for 50 
or 60 years, bridges have a longer design life, up to 
a century or more.  Bridges are there more likely to 
experience extreme environmental loads – 
including wind hazards which are predicted to be 
progressively more severe due to the impact of 
climate change. 

In recent years and even more in the last three 
years, it has become apparent that aerodynamic 
studies targeting wind-related performance goals 
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Abstract 
Tied-arch bridges consist in aesthetic crafted structures with efficient design, providing 
opportunities for cost reduction and increased sustainability when compared to other bridge 
configurations. One particular hanger solution, designed by Jacques Berthellemy and implemented 
typically in radial tied-arch bridge configurations, involves a cruciform element with a variable cross-
section along its axis. In this paper the main advantages of using this type of hangers are presented 
and an assessment is shown regarding the response of this unique hanger under wind loading, an 
aspect that is not fully addressed within the scope of the simplified approach prescribed by the 
European standards. The outcome shows that the hanger geometry combines an optimised 
structural behaviour with an efficient performance, not susceptible to significant vibration risks 
arising from vortex shedding phenomena. 

Keywords: bridge hangers; wind resistance; shape factor; CFD analysis 

1 Introduction 
Tied-arch bridges are recognized for harmonizing 
aesthetics with structural efficiency, providing an 
optimal choice for bridges spanning mid-range 
distances [1].  

The primary structural mechanism of tied-arch 
bridges revolves around the interaction between 
the arch and the hanger elements. In the design, 
the arch is in equilibrium subjected to compressive 

forces and the hangers to tensile forces. The 
hangers are attached to the arch at various 
intervals along its length and connected at the 
lower part to the bridge's tie members.  

There are multiple layout options available for  the 
hanger arrangement, offering design flexibility and 
amplifying the potential of tied-arch bridges. 
Simple suspension arrangements, such as vertical 
or fan-shaped hangers, are generally preferred for 
short and medium-span bridges. Radial 
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Abstract 
The new 32-kilometer Bataan–Cavite Interlink Bridge (BCIB) Project in the Philippines is poised to 
be a vital, enduring transportation link over the Manila Bay, providing a major opportunity for local 
economic growth and tourism while supporting the flourishing growth in population.   

The proposed infrastructure will incorporate a marine bridge comprised of two cable-stayed bridges 
with main spans of 900 meters and 400 meters, respectively, and 25 kilometres of marine viaducts 
in tandem with an additional 5 kilometres of approach roads and land viaducts.  

This paper describes how the bridge is being designed for longevity and durability under extreme 
events, including large earthquakes, typhoons, vessel collision, and hydrodynamic forces. 

Keywords: cable-stayed bridges, high seismic zone, tsunami, innovations, long-span bridges 

Figure 1. Bataan-Cavite Interlink Bridge Rendering (Credit: TYLin) 

1 Introduction 
Designed for a 100-year design life and durability 
under extreme events, including large 
earthquakes, typhoons, vessel collision, and 
hydrodynamic forces, the new Bataan–Cavite  

Interlink Bridge (BCIB) in the Philippines is poised 
to be a vital, enduring transportation link over the 
famous Manila Bay. At 32 km in length, including 
two long-span cable-stayed bridges, this project 
significantly reduces travel times, traffic 
congestion, and emissions while providing a major 
opportunity for local economic growth and 
tourism. 
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Abstract 
In order to apply a Modified-VFT (MVFT) steel-concrete composite girder to a continuous bridge, 
this paper investigates the structural configuration of the negative bending moment region of MVFT 
girder. Clothoid shaped composite dowels are designed in the hogging moment zone. Comparison 
studies were made for different geometric parameters of the connection. With the aim to increase 
the crack resistance of the concrete deck in the hogging moment region of the composite bridges, 
Ultra-High-Performance-Concrete (UHPC) is adopted. Wet joints schemes of shear studs and CL 
composite dowels are analysed. 

Keywords: steel-concrete bridges; negative bending moment; MVFT; composite dowels; deck; 
UHPC. 

1 Introduction 
Steel-concrete composite bridges made of 
composite dowels have been widely employed in 
bridge construction in Europe due to their excellent 
mechanical capacity and outstanding economic 
features (1,2). To meet the demand of accelerated 
bridge construction (ABC), the authors proposed a 
small-span prefabricated Modified-Verbund 
Fertigteil Trager (MVFT) steel-concrete composite 
girder, in which the steel girder is made of 
composite dowels in previous work (3). The steel 
girder and the concrete slab of MVFT girder are 
both prefabricated in the mill, with a significantly 
reduced construction time on site (4,5). In order to 

make the MVFT girder suitable for a continuous 
bridge, the structural design and its performance in 
the negative bending moment zone of MVFT girder 
is the objective of this work. 

Girder-to-girder joints are the focus of attention for 
prefabricated bridges (6). The precast concrete 
connection can be classified into dry and wet 
connections according to the construction method 
(7). Dry connection uses welded plates, bolts and 
dowels in the connection zone (8). Compared to 
headed studs, composite dowels provide an 
increased strength. They also show a good 
deformation capacity even in high strength 
concrete (9). In addition, composite dowels have 
an advantageous load-bearing behavior under 
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Abstract 
While ship impact loads for the design and dimensioning of bridges over waterways are adequately 
regulated for a large number of cases in codes, cf. EN 1991-1-7 (2006), [1], there is a lack for the 
approach of impact loads during the construction period. The primary focus here is on the safety of 
the construction site situation with a view to protecting the lives of the construction workers and 
secondarily on avoiding major economic damage. The ship impact load approach from the relevant 
standards would not be feasible in some cases, would be uneconomical and would possibly not be 
implemented. In view of the concept of the remaining service life, which is already used for existing 
structures, [8], the concept was transferred to short periods of time such as construction periods. 
In recent years, BAW, the Federal Waterways Engineering and Research Institute, has developed 
impact loads for construction pits in waterways, protecting structures in front of these pits as well 
as auxiliary supports for bridge structures and has created a concept.  

Keywords: ship impact; bridges; collision model; failure probability; construction pit, temporary 
structure, auxiliary structure, remaining lifetime.  

1 Introduction 
The determination of ship impact loads on bridges 
is sufficiently regulated in relevant codes, c.f. EN 
1991-1-7 (2006), [1], for the design service life of 
the bridge, which often is at least 100 years. Both 
tabled values and methods for determining impact 
forces are available, [1].  

For the construction of a new bridge, however, 
construction conditions are required, such as 
construction pits for bridge piers, which, as 
temporary structures, sometimes have a 
significantly shorter service life than the actual 
bridge structure. To dimension these construction 
pits for an impact load as for a bridge with a long 
service life would be uneconomical and, in some 
cases, not feasible.  

Therefore, a concept for the dimensioning of 
construction pits and also protection constructions 

against ship impact is required. Often, it is not 
possible, to design the actual construction pit 
against ship impact, but a protection structure in 
front of it has to take over this function, which is 
subjected to the same problem. Figures 1 and 2 
show some examples for such construction pits and 
their protection.  

Figure 1 shows as example a topview with a dotted 
construction pit for a new bridge pier and a 
surrounding polygonal-shaped protection 
structure on the right hand side. The existing bridge 
pier of the old bridge is on the left hand side. The 
construction pit is located in the fairway. Figure 2 
shows as example a construction pit of a new 
bridge abutment, in the bottom right corner, which 
is located besides the fairway on the embankment 
where ships can strand in case of an accident. A 
protection structure is located at the edge of the 
shipping lane, in the top left corner of the Figure. 
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Abstract 
In the last few decades, duplex stainless steels have emerged as a candidate material for bridges 
situated in demanding environments. This paper outlines some of the new design rules in the 
Second Generation Eurocode for stainless steel, EN 1993-1-4, which are relevant to bridge 
structures. A main factor in choosing to use stainless steel in bridge building is longevity and very 
low lifetime maintenance requirements. The outcomes of a recent life cycle cost (LCC) comparison 
between a carbon steel and duplex stainless steel road bridge are presented. In recent years the 
carbon footprint of bridges has started to become more important. This paper outlines the current 
state of the art with respect to the carbon footprint of stainless steel production and offers an 
insight into how the use of stainless steel can reduce the carbon footprint of a bridge.  

Keywords: Stainless steel; Eurocode 3; durability; bridge; composite; life cycle cost; carbon footprint 

1 Introduction 
The last decades of the 20th century saw advances 
in steelmaking technology and the development of 
a family of high strength and durable duplex 
stainless steels with properties that are suitable for 
a wide range of structural engineering applications. 
Stainless steel began to emerge as a candidate 
material for bridge construction at the beginning of 
the 21st century. Duplex stainless steels are the 
most widely used stainless steel family for 
structural components in bridges due to their 
superior strength and excellent corrosion 
resistance, weldability and fracture toughness. 
More than 30 bridges have been constructed using 

duplex stainless steels over recent years, including 
the new road bridge at Pooley Bridge in the UK 
(Figure 1), pedestrian bridges in the towns of Haro 
and Aguilas in Spain, and railway bridges in 
Stockholm. For further examples see references 
[1,2,3].  

Although the cost of stainless steel per tonne is 
higher than that of carbon steel, the high strength 
of duplex stainless steel (Fy ~460MPa) allows this to 
be partly mitigated and the high durability is an 
important advantage when considering whole life 
costs.  

In addition to iron, the main constituents of 
stainless steel are chromium, nickel and sometimes 
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Abstract 
The present paper gives insights in the current efforts of the steel industry to reach net-zero in 2050. 
Different steel solutions can be combined to achieve major savings in weight, material, building time 
and costs in construction and infrastructure projects. XCarb® recycled and renewably produced 
steel is already available on the market: by combining scrap and renewable electricity, it offers very 
low levels of CO2 emissions per ton of finished steel. Weathering steel can be used without any 
additional painting of the steel girders – preventing the detrimental impact of the paintings on the 
environment. 

In the paper, the beneficial application of hot-rolled sections in weathering steel (Arcorox®460) and 
XCarb® is shown based on recently realised bridge projects in Poland. 

Keywords: Decarbonization; XCarb®; High strength steel; Weathering steel Arcorox®; Steel-
composite bridges. 
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Abstract 
In Hungary and in the Eastern European region the maintenance of small-span bridges built in recent 
decades – mostly for pedestrians and railways – tends to be less than perfect, so it is not a rare 
phenomenon that structurally adequate bridges have to be demolished well before their theoretical 
100-year design life. Consequently, a critical part of current design tasks is to help our structures
cope with very little maintenance but without reduction in their useful life. In addition, in new design 
tasks, sustainability must be pursued, keeping in mind the principles of environmental awareness
that are increasingly coming to the fore. This can be achieved with smart structural design solutions
and adequate material selection. This paper presents design principles used in recent projects to
create more sustainable bridges supported by LCA calculations.

Keywords: design; weathering steel; short span bridges; corrugated girder; sustainability; LCA. 

1 Introduction 
The Hungarian road network has seen a previously 
unparallelled growth in the recent decades. Several 
roads and motorways have been built with the aim 
of closing up to the European state of 
development. In the course of reaching that 
objective the investors focused primarily on 
keeping the costs as low as possible while 
environmental costs were not considered high 
priority. That attitude shall be revised [1] as the EU 
targeted a 55% reduction in the emission of 
greenhouse gases (GHG). The FIT FOR 55% directive 
stipulates that all member states are set obligatory 
reduction quotas for their emissions, which 
concerns construction industry to a large extent – 
concrete and steel products are especially affected. 
At UNITEF ’83 PLC structural engineers have been 
working on innovative structural solutions for the 
latest challenges and such solutions have been 

effectively used in recent bridge construction 
projects [2]. 

The vast majority of currently existing road, 
pedestrian and bicycle bridges in Hungary are 
reinforced concrete structures. The recent years of 
infrastructure development has also seen the 
dominant application of superstructures consisting 
typically of precast prestressed concrete bridge 
girders and reinforced concrete mass substructures 
based mostly on pile foundations. 

In contrary to the sudden growth, maintenance of 
bridges is not really sufficient or systematic. The 
need for as little maintenance as possible coincides 
with the minimization of environmental effects, 
and is also an important aspect. 

The central objective was to find a way of building 
ordinary bridges using sustainable solutions with 
reduced GHG emission. This paper presents our 
progress through our recent projects. 
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Abstract 
RWDI possesses one of the world's most extensive portfolios of data from structural wind tunnel 
tests.  Drawing upon our wealth of experience, RWDI has carried out studies to compare wind loads 
achieved by undertaking site-specific wind tunnel tests against values obtained using an analytical 
code-based approach.  In one of the studies, the peak overturning moments of ten prominent tall 
buildings in the UK were estimated from wind tunnel tests conducted by RWDI.  Comparing these 
loads against values based on Eurocode and the UK National Annex, wind tunnel testing led to an 
average 35% reduction in wind loads for structural design.  The loading reduction is attributed to 
various important factors that are elaborated further in this paper.  In addition, notable UK and 
worldwide case studies are presented to demonstrate the benefits of wind tunnel testing in 
delivering more optimised structures and contributing to the reduction of embodied carbon. 

Keywords: wind tunnel testing; code-based approach; wind loading; high-rise buildings; concrete 
and steel buildings; structural wind loads; wind-induced accelerations; embodied carbon footprint. 

1 Introduction 
With the increasing cost of construction materials 
and a move towards reducing the construction 
industry’s carbon footprint, there is an increasing 
requirement for a building’s structural system to be 
as efficient as possible.  While accounting for a 
smaller proportion than the operational carbon, 
reducing the embodied carbon associated with 
building materials and construction is critical to 
achieving Net Zero targets.   

Lateral wind loads govern the structural design of 
high-rise buildings in the UK and affect various 

critical elements such as shear walls, cores, and the 
layout of columns.  Having a good estimate of wind 
loads acting on a building that are based on site-
specific conditions becomes more critical than 
ever, to optimising the structural design, allowing 
efficient usage of materials and contributing to the 
overall reduction of carbon footprint. 

Structural wind loads can be significantly affected 
by various parameters, including the building 
geometry and surrounding buildings.  Wind loads 
for the structural design of tall buildings are often 
initially determined using analytical code-based 
analysis, such as the Eurocode (BS EN 1991-1-
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Abstract 
The construction industry is one of the biggest contributors to greenhouse gas emissions and unsustainable 
waste. A circular economy of the existing building stock can contribute to minimising mining of finite 
resources and reducing the construction industry’s waste. However, stakeholders often list lack of 
information about the existing building stock as a barrier against implementing a circular economy in the 
construction industry. This study provides a framework for construction industry stakeholders to combine 
publicly available data sources to obtain probability-based information about the building stock. The study 
analyses existing building data at city level using Bayesian Networks, a probabilistic modelling approach that 
accounts for the missing data consistently in contrast to other methods. The framework can be extended to 
incorporate first principle, data-based and empirical models from disciplines such as structural engineering, 
architecture, and industrial ecology to facilitate a circular economy.  

Keywords: circular economy; probabilistic modelling; existing building stock; residential buildings. 

1 Introduction 
The built environment stock and construction 
industry are among the biggest contributors to 
global greenhouse gas emissions, energy 
consumption, and unsustainable waste. This can 
partly be attributed to the production of building 
materials and components, construction, and 
demolition. In fact, in Europe, one third of all waste 
stems from construction and demolition activities 
[1].  

A circular economy of the existing building stock 
can contribute to minimising mining of finite 
resources and reducing the construction industry’s 
waste. Citywide circular economy approaches aim 
at implementing this approach at the local level. 
This makes it easier to set up a framework for a 
circular economy when working together with 
relevant actors, but also reduces the need for 
transport that can counteract the economic and 

environmental benefits of reusing and recycling. 
However, stakeholders often list a lack of 
information about the existing building stock as a 
barrier against implementing a circular economy in 
the construction industry [2].  

There are attempts to collate information about 
existing buildings from several European countries 
including footprint, height, building type, and age 
[3]. However, not only are there many missing 
entries for these attributes, but also, countries 
such as Norway were not included and important 
information like the main construction material is 
missing. Moreover, there is no suggestion on the 
part of the researchers on how to deal with data 
scarcity.  

Probabilistic modelling is one way to effectively 
capture information on the building stock to 
facilitate circularity, allowing us to deal with an 
increased level of uncertainty due to either random 
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Abstract 
Resource-efficient construction is a decisive factor for the development of sustainable economies 
and a sustainable way of life. In addition to material-saving technologies, the reactivation or 
conversion of existing structures is an effective approach to achieving resource efficiency. 
Particularly in densely built-up urban areas, there is the opportunity to reactivate elements of still 
existing but currently idle excavation pit structures, which belong to existing buildings. Also, 
permanent structural elements of existing buildings, such as basement-walls and base slabs, can be 
integrated into new excavation pit structures. The present paper reports on the experiences from 
construction projects, where elements of existing diaphragm walls as well as elements of existing 
buildings were integrated in the design and construction of new excavation pits.  

Keywords: excavation pit, re-use of existing structures, sustainability in construction 

1 Introduction 
Resource-efficient construction is a decisive factor 
for the development of sustainable economies and 
a sustainable way of life. In addition to material-
saving technologies, the reactivation or conversion 
of existing structures is an effective approach to 
achieving resource efficiency. 

Particularly in densely built-up urban areas, 
underground structures are required for a variety 
of purposes: they serve as structures for 
underground transportation, water supply and 
disposal, rainwater management, and 
underground car parks. Deep excavation pits are 
usually required for the construction of such 
structures. 

Nowadays, often existing robust underground 
structures can be found at the sites of new 

projected buildings. On the one hand, they can be 
found in the form of relics of former excavation 
pits. These can be former retaining walls, such as 
diaphragm walls or remaining sheet pile walls. They 
can appear as remains of former horizontal cut-off 
layers, made for example by jet grouting or 
underwater concrete. On the other hand, they also 
can be found in the form of deep basement 
structures: The traditional single-storey basement 
in masonry construction has made way for the 
reinforced concrete basement, sometimes in the 
form of a multi-storey underground car park. 

The question of resource efficiency inevitably 
arises with respect to excavation pits. As a rule, 
excavation pits are only temporarily used for the 
erection of permanent structures. After 
construction, they remain unused in the ground. 
For reasons of sustainability and economic 
efficiency, it makes sense to reactivate or reuse 

ADDENDUM
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Abstract
The current article would summarize the activities related with the inspection and retrofitting of a bridge
between Bulgaria and Romania across the Danube river, which connects the cities of Ruse (Bulgaria) and
Giurgui (Romania).

The structure is built in the period 1952 - 1954. The main part of the bridge is a steel double deck truss with
160m and 80m spans and it combines 2 types of transport - road and railway traffic. There is a moving part
of the superstructure which could be lifted when there is a high-water level, and the ships has to pass. The
approaches part consists of steel 2T beams united with reinforced concrete prefab elements. The foundation
type used for that structure is caissons. The total length of the bridge is approximately 2,2km. There is a
combination of issues which compromise the road deck - heavy and intense traffic, poor maintenance, sultry
weather conditions and that leads to the need of repair and rehabilitation of the bridge. Some challenges
and new approaches would be described in the following paper.

Keywords: Bridge retrofitting, Inspection methods, Digital twin.

1 Introduction
The Danube Bridge also known as the “Friendship
Bridge” is a steel bridge over the Danube River
connecting the Bulgarian bank to the south with
the Romanian bank to the north and the cities of
Ruse and Giurgiu respectively. It is one of only two 
bridges connecting Romania and Bulgaria, the
other one being the “New Europe Bridge” between
the cities of Vidin and Calafat Figure 1.

Figure 1. Location of the bridge

The bridge was built according to a Soviet project
and was put into exploitation in 1954. Since the fall
of the communist regimes in both countries, the
bridge got the more functional name of “Danube
bridge”. The structure is a double deck steel truss –
upper level for road traffic and pedestrians and
lower level with a one-track railway line. The
central part of the bridge is mobile and can be lifted
for oversized boats passage. 
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Abstract
The current article would summarize the activities related with the inspection and retrofitting of a bridge
between Bulgaria and Romania across the Danube river, which connects the cities of Ruse (Bulgaria) and
Giurgui (Romania).

The structure is built in the period 1952 - 1954. The main part of the bridge is a steel double deck truss with
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Abstract 
The current article would summarize the activities related with the inspection and retrofitting of a bridge 
between Bulgaria and Romania across the Danube river, which connects the cities of Ruse (Bulgaria) and 
Giurgui (Romania). 

The structure is built in the period 1952 - 1954. The main part of the bridge is a steel double deck truss with 
160m and 80m spans and it combines 2 types of transport - road and railway traffic. There is a moving part 
of the superstructure which could be lifted when there is a high-water level, and the ships has to pass. The 
approaches part consists of steel 2T beams united with reinforced concrete prefab elements. The foundation 
type used for that structure is caissons. The total length of the bridge is approximately 2,2km. There is a 
combination of issues which compromise the road deck - heavy and intense traffic, poor maintenance, sultry 
weather conditions and that leads to the need of repair and rehabilitation of the bridge. Some challenges 
and new approaches would be described in the following paper. 

Keywords: Bridge retrofitting, Inspection methods, Digital twin. 

 

1 Introduction 
The Danube Bridge also known as the “Friendship 
Bridge” is a steel bridge over the Danube River 
connecting the Bulgarian bank to the south with 
the Romanian bank to the north and the cities of 
Ruse and Giurgiu respectively. It is one of only two 
bridges connecting Romania and Bulgaria, the 
other one being the “New Europe Bridge” between 
the cities of Vidin and Calafat Figure 1. 

 

 
Figure 1. Location of the bridge 

The bridge was built according to a Soviet project 
and was put into exploitation in 1954. Since the fall 
of the communist regimes in both countries, the 
bridge got the more functional name of “Danube 
bridge”. The structure is a double deck steel truss – 
upper level for road traffic and pedestrians and 
lower level with a one-track railway line. The 
central part of the bridge is mobile and can be lifted 
for oversized boats passage.   
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