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Abstract 
Sustainable engineering (SE) focuses on systems that use energy and resources sustainably, 
addressing economic and climate change challenges (Global extreme weather this year in July is 
"virtually impossible" or "new extreme" in Antarctica without climate change). A radical shift in 
infrastructure planning is necessary to achieve net-zero emissions. Factors such as New 
Developments (NDs), nature-based solutions (NbS), life-cycle analysis (LCA), whole-life carbon (WLC), 
sustainable materials (SM), and green construction materials enable sustainable infrastructure. The 
identification of skills for upcoming infrastructure engineers, intelligent and sustainable built 
environments, IoT, and Integrated Workplace Management Systems (IWMS) are challenges. A 
circular economy approach to managing LC may be a more efficient and reliable means of achieving 
zero emissions. 

1.0 Background: Role of Engineering in SD  

Sustainable engineering (SE) focuses on systems 
that use energy and resources sustainably, 
addressing economic and climate change 
challenges (Global extreme weather this year in 
July is "virtually impossible" or "new extreme" 
in Antarctica without climate change). A radical 
shift in infrastructure planning is necessary to 
achieve net-zero emissions. Factors such as 
New Developments (NDs), nature-based 
solutions (NbS), life-cycle analysis (LCA), whole-
life carbon (WLC), sustainable materials (SM), 
and green construction materials enable 
sustainable infrastructure. The identification of 
skills for upcoming infrastructure engineers, 
intelligent and sustainable built environments, 
IoT, and Integrated Workplace Management 

Systems (IWMS) are challenges. A circular 
economy approach to managing LC may be a 
more efficient and reliable means of achieving 
zero emissions. 
 

2.0   Strategies:  
2.1. Factors enabling better infrastructure: 
Carbon emissions have transitioned from being 
an optional to  
becoming a critical in the built environment and 
explore how to assess design options against 
one another as part of a net-zero design 
process and how emissions could be reduced 
through material specifications. This includes 
digital optimisation to achieve material and 
economic efficiency. Challenges and its 
aspirations for the future NDCs and LCA, as 
shown in Fig 1. 

Fig 1 : Life Cycle Analysis(LCA)    Source: Weidema BP. Market Information in Life Cycle Assessment. 
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One of the reasons of above described situation is 
global warming caused by rapidly increasing 
amount of greenhouse gasses in the atmosphere. 
Due to these global warming effects the Arctic sea 
ice and glaciers are rapidly melting, sea-level rise 
may be accelerating, and forests (important to 
carbon capture) are being transformed. The 
impacts of climate include warming temperatures, 
changes in precipitation, rising sea levels, and 
increases in the frequency or intensity of some 
extreme weather events [3].  

At the same time, human population faces 
accelerating number of extreme social 
phenomena, like social unrest, instability of states, 
wars and increasing number of man-made 
disasters like terrorist attacks. As a consequence of 
natural and man-made disasters and socio-
economic situation, human migration increases. 
This all results in enormous economy impacts and 
causes extensive humanitarian crises, influencing a 
quality of human life on the Earth.  

Over 54 % of people across the globe were living in 
urban areas in 2014 [4]. The number of people 
living in cities will almost double by 2050 reaching 
around 6.4 billion people. It will change much of 
the world into a global city. 

Due to rising and aging human population, all these 
above-mentioned effects threaten more people. 
The world population exceeded 8 billion in 2022. 
This represents 3.2 x population increase since 
1950. During the same period CO2 emissions 
increased more than 6 times, world average 
temperature was increased by 1 oC and number of 
recorded natural disasters increased 15 times [5]. 

Entire society, all nations, should take an action to 
slow down this process and to adapt themselves 
for new natural as well as social conditions. To 
achieve these goals, it is crucial to implement 
sustainability and resilience as the most important 
objectives in any humans’ activities and actions. 

2 Sustainability – integrated 
approach 

Structures should be designed in order to support 
sustainability development, it means to reduce 
negative impacts and to increase positive affect on 
the society, environment and the economy. This 

could be achieved through enhancement of 
performance of structures within entire life by (i) 
enhancement of design methods, (ii) 
developments of new composite materials and 
structural components, (iii) upgrade of technology 
for production, (iv) development of integrated 
design procedures for the different systems and 
technologies in buildings and infrastructures (v) 
innovations in construction techniques, (vi) 
assessment and re-design of existing structures 
and associated life-cycle management processes 
and (vii) by innovations in maintenance, repair, 
demolition and recycling processes. 

 
Figure 2. General framework of integrated 

approach to design and construction of structures 

Figure 2 presents a general framework of 
integrated approach to design and construction of 
concrete structures covering three pillars of 
sustainability. Exceptional natural or man-made 
actions and disasters affect entire system and its 
performance and thus resilience is interrelated 
with all three pillars of sustainability [6]. 

3 Sustainability and resilience   
The World Summit on Social Development 
identified sustainable development goals, such as 
economic development, social development and 
environmental protection. Due to changing 
environment and increasing number of natural and 
man-made disasters, it is urgent to modify 
principles of structural design and construction 
technology for development and maintenance of 
all built environment to be more resilient.  

3.1 Resilience 

Resilience is the capacity to resist a shock or a 
stress condition and recover quickly after the event 
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Abstract 
Humanity faces increasing depletion of energy and material resources and an increasing number of 
natural disasters. Buildings, infrastructure and entire built environment should be better prepared 
for changing climatic conditions – as they should be sustainable and resilient. The energy consumed 
during operation of built environment is one of the most significant sources of CO2 emissions. 
Considering these development trends, it is necessary to modify existing principles and methods of 
building and infrastructure design and adequate techniques of construction to enhance them to 
guarantee comfortable and safe operation for the whole population in the future. The buildings and 
infrastructure for sustainable future should be better prepared for the new conditions; they should 
be sustainable and more resilient. 

 

1 Introduction 
Earth existed long before humans developed and 
will exist long after the conditions on the Earth will 
not be suitable for human life. Sustainability is 
about preservation of environmental, social, and 
economic conditions on our planet in the form 
which will enable survival of biological diversity 
(including humans) and productivity on the Earth as 
long as possible [1]. 

Changing of the climate on the Earth is innate and 
everlasting process; environmental conditions are 
continuously changing due to continental drift 
followed by volcanic and seismic effects. Human 
life conditions are modified – and therefore 
biodiversity is irrecoverably changed. This process 
was in previous periods very slow, enabling 
consecutive adaptation of life forms (incl. humans) 
to changing environmental conditions. However, 
nowadays environmental conditions are changing 
faster, particularly caused by human activities.  

Recently the world faces increasing number of 
natural disasters and increasing economic and 

social problems and challenges. New research 
results have shown how global climate changes are 
happening faster than anticipated. Generally, the 
impact on different regions of the World differs 
considerably. Floods, tropical storms, hurricanes, 
tornados, wildfires, heat and cold waves, longer 
periods of drought etc. are more and more 
frequent and with higher intensity. Because of the 
increasing risks due to climate change the 
probability of natural disaster is now nearly 5 times 
higher as it was in the 1970s, (Figure 1, [2]). 

 
Figure 1. Increasing number of disasters by hazard 

type since 1970; data source WMO [3] 
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Abstract 
Conservation of listed heritage buildings and infrastructure in a city or a town is typically mandated 
by byelaws and regulations in several states in India unless such properties are protected by central 
or state archaeology departments as national or state monuments under the AMASR Act (Ancient 
Monuments and Archaeological Sites and Remains Act). Although grading and listing may exist in 
some towns and cities, many heritage buildings and infrastructure are still not protected through 
necessary legislation. Whatever the legal status, under the growing pressures of infrastructure 
development and renewal in a developing economy such as ours, the debate between conservation 
and demolition is at an important crossroads. Application of guidelines developed in the western 
world (e.g., ICOMOS principles) may be debatable without due consideration of context, constraints, 
and aspirations in large developing economies. 

What do the UN's Sustainable Development Goals (SDG) 2030 have to say about conserving 
and revitalizing existing infrastructure, with or without cultural (or heritage) value? What is the basis 
for such an approach? And what are the criteria to verify whether it is logical to conserve or to 
demolish and redesign and rebuild. How should we consider the tangible and intangible elements 
of built heritage? The current paper attempts to examine this pertinent problem, often faced by 
primary stakeholders, conservation professionals (architects and engineers) and lawmakers, from 
the key perspective of structural safety and structural rehabilitation or retrofit. In an era, when 
sustainability, ecological and environmental awareness and cost-effectiveness together are 
emerging as determinants of development, how do they impact conservation of built heritage? 

Keywords: Built heritage; conservation; SDGs. 
 

1 Built heritage conservation 
framework in India 

A large developing nation such as India, with a long 
and complex history presents a vast and varied 
stock of built heritage, which must be preserved 
alongside a burgeoning economy with massive 
infrastructure growth and renewal. The country 
has 3696 nationally protected monuments under 
the care of the central government’s 
Archaeological Survey of India (est. 1862 AD) 

including 42 World Heritage Monuments and Sites 
as on date. Several heritage structures are 
protected by the Central Public Works Department 
(CPWD) and by the Armed Forces. Similarly, 
different state governments safeguard 
archaeological monuments and numerous heritage 
structures through institutions such as the State 
Departments of Archaeology, Municipal 
Corporations, Religious Endowments Departments 
and PWDs. There are several thousands more of 
heritage structures across the country that are yet 
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Abstract 
We live in a world of ultimately limited resources and as engineers we are responsible for the most 
efficient use of those resources. The needs of the societies we serve change and our infrastructure 
is under constant pressure to adapt to new requirements. Many of these demands are about 
capacity and drive a desire to replace existing structures with bigger and seemingly better designs. 
And whereas it's always nice to start with a clean sheet when preparing a design it is an obligation 
upon us engineers to make the most effective use of what is already there. Only in this way can we 
start to tackle the sustainability challenge brought upon us by the climate emergency. There are 
many ways that existing infrastructure can be used and repurposed so that the changing demands 
can be met. 

The keynote paper will address the way in which existing bridge infrastructure has been adapted 
and expanded to meet the requirements of greater structural capacity.  

Keywords: Refurbishment, widening, strengthening, sustainability, . 
 

1 Introduction 
Bridge engineers have created some beautiful and 
effective structures that have stood the test of 
time.  There is a real attraction to creating a bridge.  
It is more than just a structure, it is means for 
bringing communities together, to promoting trade 
and cooperation, to ending divides. Once they are 
built, they become a vital part of our infrastructure 
and we and we are reliant on them. 

At the same time, the benefits of increased flow of 
people and goods may place further demands on 
the infrastructure and the capacity may become 
too little and throttle additional development.  We 
have seen this with many crossings where radical 
intervention is required to increase capacity and 
meet this demand. 

Historically, we designed structures for what we 
needed at the time.  We built then to last for 100 

years but only as far as durability is concerned.  
With a few notable exceptions, we rarely 
considered future capacity. 

What usually stops this planning for the future is 
economics, but this can be a false economy; the 
cost of twinning or extensions to bridges run at 
many times the original cost.  However, if capital is 
limited and there is uncertainty then there is some 
justification for such reticence.  A case in point is 
the clever engineering for the Auckland Harbour 
Bridge.  This was built in the early 1950s and the 
design made allowances for providing additional 
capacity in the form of the "clip-on" attachments to 
the deck which were added in 1969 to increase the 
capacity of the bridge.  This work, planned at the 
original design stage, successfully resulted in a 
doubling of the traffic able to cross the bridge. 

 

 
Figure 1 Installation of "clip-ons" to Auckland 
Harbour Bridge 

It is worth pausing to consider this case.  The cost 
saving of building the original four lane bridge 
instead of an eight lane bridge was small but given 
that the original bridge construction was some 
7.5% of the city's GDP [1], all savings were 
worthwhile for this was a massive investment at 
the time.  Fast forward 15 years and although the 
incremental cost of the clip-ons was significant, the 
economic boost to Auckland of the original bridge 
was huge such that the subsequent cost was only a 
very small part of the city's GDP. 

We can look at bridges such as Severn Bridge and 
Forth Bridge in the UK and can see how the original 
structures were able to encourage and facilitate 
growth and how ultimately, additional capacity was 
required in the form of new bridges. 

Severn was unique in that some very clever 
engineering resulted in a doubling of the live load 
capacity of the structure for a very small fraction of 
additional steel tonnage.  In this case, the number 
of lanes was not changed, simply that the vehicles 
considered at the time of the design had increased 
dramatically by the 1980s resulting in traffic having 
to be restricted on the bridge.  Dramatic changes 
were made to the method of support of both  
bridge, all of which was carried out while the bridge 
remained open to traffic which was a remarkable 
achievement [2]. 

However, for all the success of Auckland, Forth and 
Severn, traffic forecasting and political intrigue do 
not always work to pick up the synergies that we 
hope a bridge might bring.  For Severn and Forth, 
there will always be bridges like Humber Bridge, 
the longest span bridge in the world when built.  

However, the traffic did not come and its tolls 
never paid off the construction loans which were 
largely written off in 2012, some 30 years after 
construction. 

The need for growth must be part of the planning 
of any bridge structure and it is incumbent on the 
owner and the designer to consider this when 
contemplating a new structure - what might the 
future bring and what can we do to facilitate it? 

This paper is in three parts.  The first looks at the 
widening of existing bridges and sets down the 
stages of the design process that need to be 
considered.  The second reviews the considerations 
necessary in planning for future expansion of 
bridges and what aspects need to be considered to 
ensure that future works have a high chance of 
success.  The final part looks at a specific example 
of a bridge, the EJ Whitten Bridge, where future 
development was planned to a significant level  at 
the design phase and how the extension of the 
bridge was carried out over thirty years after its 
first design. The paper assesses the original 
assumptions and evaluates their success.   

2 Extending existing bridges 

2.1 First thoughts 
The process of extending the capacity of an existing 
bridge will depend upon the type of structure and 
the nature of the extension. There are many 
different types of bridges and there are, naturally, 
many different requirements for extension. 

The obvious solution for adding capacity is the 
simple twinning arrangement where a new 
structure is built alongside the first.  This may be 
easy and may make traffic management in 
construction the simplest but it is the hungriest in 
terms of overall resource and will be the least 
sustainable. 

The most sustainable solution, however, is always 
to look to make the best reuse possible of the 
existing structure and to make use monitoring, 
inspection and testing to its best advantages to find 
the hidden reserves within the structure.  This is 
where the ingenuity of the engineer can really 
develop schemes with a difference. 
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Abstract 
The construction sector being responsible for about 42% of the final energy consumption and about 35% of 
global greenhouse gas emissions, plays a central role in the global effort for decarbonization and mitigation 
of climate change. However, despite worldwide policies and investments to make the building sector more 
efficient, no clear structural changes have yet occurred to reduce energy demand or cut carbon emissions.  

Sustainability is a mindset that should be embraced by all professionals in the construction sector, to drive 
positive changes towards a more sustainable and decarbonized future. In this regard, a code for the 
sustainability of buildings is crucial to set target values for carbon emissions and other environmental 
problems, and to provide clear guidelines on how to comply with such values, across the life cycle of 
buildings. In this paper, a performance-based approach for sustainability assessment of structures is 
presented, based on the limit state approach that is familiar to most structural engineers. The harmonization 
of structural and sustainable design fosters a mindset that considers environmental impacts alongside safety 
and functionality, allowing structural engineers to become key players in the larger quest for a sustainable 
built environment.  

 

Keywords: sustainable structures, decarbonization, limit state of sustainability, code for 
sustainability. 

1 Introduction 
The world is currently living in a state of climate 
emergency and urgent measures are required to 
control the temperature rise and mitigate climate 
change effects.  

The impacts of the construction sector on energy 
consumption and greenhouse gas emissions are 
significant. In fact, this sector is responsible, at the 
EU level, for about 42% of the final energy 
consumption and about 35% of global greenhouse 
gas emissions (EEA, 2022). This highlights the 
sector's central role in the global effort for 
decarbonization and mitigation of climate change, 
and efforts toward enhanced construction 
practices could have far-reaching effects on these 
numbers.  

As part of the European Green Deal (EC, 2019), the 
recently published European  climate law  aims for  

 

a net-zero balance of greenhouse gas emissions by 
2050, and the intermediate target of reducing 
emissions by at least 55% by 2030 compared to 
1990 levels (Regulation (EU) 2021/1119). Hence, 
climate neutrality became legally binding in the EU. 

However, despite this and other worldwide policies 
and investments to make the building sector more 
efficient, no clear changes have yet occurred within 
the buildings sector to reduce energy demand or 
cut carbon emissions.  

In fact, the operational energy consumption in 
buildings and associated carbon emissions had an 
increase of about 3% and 2%, respectively, in 
relation to pre-pandemic values, in 2019, as 
illustrated in Figure 1 (UNEP, 2022).  

Hence, a stronger effort is required by the 
construction sector to implement sustainable and 
energy-efficient approaches. By doing so, the 
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Abstract 
 
The indiscriminate use of natural resources since the development of civilization particularly their 
exploitation in the last one century or so in the process of industrialization and in the pursuit of 
comfort-at-all-cost, has resulted in a situation of almost no return.  Under the circumstances, 
‘Sustainability’ is the mantra and saviour of civilization.  The most important aspect in achieving 
sustainability is to address the cardinal principles of sustainability of reduce, reuse and recycle with 
due consideration to sustainability objectives in respect to space and time.  The comprehensive 
approach demands that, in respect to space, the approach should start from larger context 
globally coming finally to the scale of a building or a local built environment.  Meaning thereby that 
an isolated building cannot be regarded as sustainable product unless it is a part of overall 
sustainability scenario in a larger context.  Similarly, a time duration needs to be kept in mind over 
which the sustainability is sought to be achieved.  For example, what can be sustainable for a 
limited period of time may prove to be otherwise on a longer span of time.  At the same time, 
sustainability cannot be seen for a period till eternity.  This is particularly true because of cost 
implications and likelihood of paradigm shift in materials, technologies and developmental 
requirements during different times.  Thus, sustainability needs to be largely concentrated on a 
scale of our planet and human life scale of periods such as 500 years.  The comprehensive 
approach then would require to deal with all aspects relating to siting, form and design; external 
development and landscape; envelope optimization; selection of appropriate materials; water and 
waste management; building services optimization; constructional practices including selection of 
appropriate technologies; and commissioning, operation, maintenance and building performance 
tracking.  The objective is not only to ensure that the facility is built sustainably using optimum 
embodied energy but also requires optimum operational energy and least maintenance.  The 
progressive thought requires that the building and built environment should not be designed only 
to reduce the adverse effect to the environment but should intend to cause positive effects to the 
environment, economy and the society at large. This paper discusses approach to sustainability, 
with a view to making appropriate decisions during conceptualization, planning, design, 
construction, operation and maintenance stages of the built facility. To facilitate the 
understanding and implementation of the approach, a Sustainability Model has been 
attempted which may be suitably modified, extended and detailed for better understanding 
and application. 
 
Keywords: Sustainability; built environment; energy conservation; National Building Code of 
India 
 
1   Introduction 
 
Ancient civilizations used to build edifices 
using locally available materials, with great 
skill, and in harmony with nature.  Basham 

in ‘The Wonder that was India’ describes 
how palaces in Mauryan dynasty in second 
century B.C., were exquisitely built from 
carved wood of local deodars.  In later years 
the monasteries, temples and 
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New modular construction method for multi-span concrete bridges 
with reduced material consumption

 

in “Bridge 
Deck Erection Equipment”
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The Practice of Forensic Structural Engineering in IABSE Member 
Countries: preliminary review of survey 2022

 

various countries. The response of ‘forensic 

engineers’, where the designation exists, to 
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Abstract 
Transportation systems offer opportunities to connect rural communities with economic possibility. 
Intentional infrastructure interventions connect citizens with resources and reduce travel time 
between remote and urban areas – creating sustainable value for entire economic regions. Remote 
infrastructure presents a tension between creating social value without destroying environmental 
value.  

Presenting two multi-bridge infrastructure projects in Norway and South Africa, Dissing+Weitling 
explores the opportunity for a design team to partner with local authorities to provide aesthetic 
interventions that align with environmental protection goals, increase connectivity for rural 
communities, and balance social value creation with the preservation of landscapes with high 
natural value.  

Keywords: rural; remote; logistics; biodiversity preservation; landscape; large-scale; environmental 
impact; social value creation; national authorities; integrated planning  
 

1 Introduction 
Infrastructure is vital in connecting urban and rural 
environments within geographically disperse and 
diverse countries. Regional planning teams must 
respond to the tension between biodiversity 
preservation, environmental impact mitigation, 
local stakeholder engagement within a change 
process, and maximization of economic impact.  

For rural communities, new road systems create 
gateways to access and economic vitality – while 
simultaneously challenging long-standing ways of 
living, working, and being in community with each 
other and nature. A key challenge for the 
development of remote infrastructure is to 
respond to these trade-offs and tensions – and to 
use the architectural design process as a gateway 

to maximize sustainable value creation across the 
triple bottom line.  

Dissing+Weitling offers two multi-bridge remote 
infrastructure projects in South Africa and Norway 
to demonstrate how design team partnership and 
stakeholder engagement can strengthen project 
outcomes. In embracing the site-specific contexts 
of each unique bridge – mobility architecture offers 
a pathway to ensuring sustainable infrastructure: 
aligning with environmental protection goals set 
forth by national authorities and providing 
economic empowerment to remote communities 
by strengthening their connectivity to urban 
centres.  
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Designing on Existing Bridges: A Paradigm of Sustainability Applied to 
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Abstract 
The new bridge over river Brahmaputra connecting Guwahati and North Guwahati is currently in 
the advanced stages of construction. Designed to be an iconic bridge with state-of-the-art aesthetic 
features, it is being built at a cost of INR 26 billion (USD 316 million).  This mega project includes not 
only the river bridge over the mighty river Brahmaputra but also long elevated viaducts and 
approaches on both sides. The project is being executed in EPC mode.  The paper brings to the fore 
the culture of proof checking generally performed in infrastructure projects in the country and 
describes the unique feature of IDC performed in this specific project. The author draws on his own 
experience as well as published information to illustrate the importance of establishing a culture of 
independent checking everywhere to add confidence and mitigate the risk of failures. 

Keywords: Extradosed Bridge, Stay Cables, Well Foundation, Pile Foundation, Segmental Box Girder, 
Proof Checking. 
 

1 Introduction 
Proof checking of structural design may not be as 
glamorous and as exciting a job as detailed design, 
but it is a task, which is vital and necessary for our 
profession of structural engineering. This is 
particularly so for mega projects like this bridge 
across the river Brahmaputra at Guwahati. For a 
project of this significance, the Client has rightly 
included the services of an independent design 
checker (IDC) for which the author was associated. 
IDC in this case is employed by the contractor with 
the approval of the Employer. The scope of IDC 
included structural and geotechnical verification of 
the entire project, and providing certification of the 
construction design pack which includes technical 
drawings, work specifications, working drawings, 

and all other associated documents. IDC 
certification includes the commitment that the 
work has been independently checked and verified 
and complies with the Employer's Requirements.  

2 Project Highlights 
2.1 Location & Background 
Guwahati, earlier known as Pragjyotishpur, is the 
capital of Assam. It is a very ancient city that dates 
back thousands of years. The epics and the Puranas 
witness the mention of Guwahati in their historical 
scriptures and compositions. There are a few 
temples that have existed in this place for ages such 
as the Kamakhya Temple, Basistha Temple, and 
Navagraha Temple. Guwahati, with its cardinal 
points at 26˚10′ North latitude and 92˚49′ East 
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Abstract 
A new Tower Vertical Lift bridge on Pamban Island (India) replaces the existing “Scherzer” Rolling 
Bascule bridge within the railway line that connects the island to the Indian subcontinent across the 
Palk Strait. The lift span of the new bridge consists of a 77.5 m simply supported structure composed 
of two lateral steel Warren trusses of variable depth and a platform 10.3 m wide, holding two 
railway lines. The lift movement of the bridge is carried out through two sets of electromechanical 
systems placed in two towers 40 m high, located at the ends of the lift span, which hold the 
machinery in their upper part. The choice of this system responds to the criteria of reliability and 
robustness. Also, the high incidence of marine corrosion in the bridge location has been decisive in 
the design. The existing bridge is a national icon in South India; therefore, the aesthetic has been a 
fundamental condition. 

 

Keywords: movable bridge, vertical lift, tower drive, steel structure, Warren truss, railway, deep 
foundation 
 

1 Introduction 
The historic Pamban Bridge is an unelectrified 
single-track railway viaduct with a length of 
approximately 2 km, connecting Pamban Island to 
the subcontinent in Tamil Nadu (India), spanning 
the Palk Strait. The construction works of the 
bridge began in 1911 and ended in December 1914. 
Since then, the connection between India and Sri 
Lanka has remained constant through this rail 
service that reaches the island of Pamban and, 
from there, continues to the town of Talaimannar 
in Sri Lanka via ferry. 

The existing bridge comprises 145 12.2-m spans 
formed of simply supported steel beams and a 

Scherzer Rolling Bascule section with a 66.5-m 
span, composed of two movable lateral steel 
trusses, transversal beams in correspondence with 
the lower nodes of the truss, and two longitudinal 
stringers. 

The Scherzer Rolling Bascule system [1][2] has a 
characteristic curved geometry of the lower chords 
of the lateral steel trusses at its butt-end, forming 
two-quarters of a circumference for each leaf 
called "segmental girders". During the opening or 
closing operation of the bridge, these circular 
elements roll on the corresponding back rails, 
establishing a rotation of the leaf accompanied by 
its horizontal movement backwards or forwards 
during the manoeuvre. 
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Abstract 
Anchor channels are a common fastening system for attaching highly loaded base plates of 
non-structural and structural components to reinforced concrete structures using channel bolts. The 
reliability and robustness makes this fastening system also popular for seismic applications. An 
innovative gap filler set was developed to eliminate the gap between the base plate and the channel 
bolt as well as between the channel bolt and anchor channel, and thus to further improve the 
seismic performance. Following the introduction of anchor channels and channel bolts in the 
context of seismic loading, some background information is provided, and qualification as well as 
design is addressed. Finally, monotonic (static) and cyclic (seismic) tests on channel bolts installed 
without and with gap filler are presented and discussed to demonstrate the benefits of gap filling. 

Keywords: Anchor channels; channel bolts; static and seismic performance; concrete fastener. 
 

 

1 Introduction 
Channel bolts installed in cast-in anchor channels 
enable the sound connection of non-structural and 
structural components to reinforced concrete 
structures. Anchor channel-channel bolt-systems, 
also simply known as anchor channels, reliably take 
up monotonic and cyclic loads even under extreme 
conditions to be anticipated in seismic regions. This 
is particularly relevant for critical infrastructure 
such as high speed railway bridges (Figure 1). 

 

 

 

 

 

 

 

Figure 1. Taiwan Highspeed Railway viaduct in a 
seismically active country 

THSRC 
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Experimental and analytical investigations on the shear capacity of pre-
stressed concrete bridges
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The Evolution of the Indian Standard IS 1893 Focusing on Base Shear 
Values of Seismic Forces for a Forty-Three-Storey Reinforced Concrete 
High-Rise Building Using the Response Spectrum Method
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Influence of train composition on crack propagation at structural 
components of welded railway bridges 

; Paris’ law

 

described by the Paris’ law. The risk of brittle 
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Addressing Climate Resiliency in Long Span Bridges Through Early 
Stage Aerodynamic and Climate Consulting 
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Climate Change: Latest on the Wind Speed at the Coastal Regions of 
India

 pacts are unavoidable and will hit the world’s 

report also says that more than 40% of the world’s 
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Influence of Design Practices and Climate Change Effects on the Seismic 
Fragility and Life-Cycle Cost of Highway Bridges
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Understanding social engineering and disaster resilience of the rural 
roads sector for sustainable development
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infrastructure that can act as a “buffer” to internal 
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Modular Steel Panel Bridges for Optimal Emergency Response to 
Distressed Bridges on National Highways in India.
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Material Selection for Minimum Carbon Footprint in Structural Design  
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Abstract 
For quantification of the environmental impact of a project, life cycle assessment is the common 
and suitable approach, allowing comparison of different design solutions and selection of the most 
advantageous option. However, as data on environmental impact is typically presented relative to 
arbitrary reference units, e.g., volume for concrete or tonnage for steel, direct comparison of 
structural performance versus environmental impact cannot be directly read from the available 
data. Particularly in the conceptual stages of structural design, material selection should be 
understood as a multi-objective optimization, where typically a wide range of criteria must be met. 
These criteria include structural performance such as strength and stiffness, physical properties such 
as density and thermal conductivity, economic factors such as local availability and cost, and now – 
in recent decades under the emerging thread of climate change – environmental impact and carbon 
footprint. For the identification of the most climate-friendly material choice for any given set of 
structural requirements, the authors propose a systematic approach using graphical representation 
of the required data of building materials commonly used in structural engineering. Analysed 
materials include various types of concrete from normal strength to ultra-high-performance-
concrete, steel sections and strands, various types of timber, natural stone and industrially 
manufactured masonry units, as well as fibre reinforced polymers. Presented data is based on a 
thorough review and selection of life cycle assessment data, addressing gaps of knowledge in 
existing databases as well as systemic risks in the use of industry-average or product-specific data. 
With the presented graphical tools for material selection for minimum carbon footprint in structural 
design, the authors aim to provide the reader with a helpful tool for identification of the most 
climate-friendly structural solution for their given design problem. 

Keywords: structural design; material selection; carbon footprint; global warming potential; life 
cycle assessment. 
 

 

1 Introduction 
It is no easy task to put into words the urgency, 
with which humanity has to tackle the causes and 
challenges of climate change. Presenting the latest 
report of the Intergovernmental Panel on Climate 
Change (IPCC) [1], UN secretary general António 
Guterres found the following words: “This report is 

a clarion call to massively fast-track climate efforts 
by every country and every sector and on every 
timeframe. Our world needs climate action on all 
fronts: everything, everywhere, all at once.” 

The report by scientists around the world explains 
that by merely adhering to currently implemented 
policies, we are on a path to reaching 1.5° Celsius 
global warming by the end of this decade and ~3.2° 
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Abstract 
In this experimental analysis, conventional Self Compacting Concrete (SCC) of M30 grade was 
compared to SCC mix prepared with Magnetic Water of 0.8 Tesla in its fresh and hardened states. 
The Magnetic Water improved workability of concrete by 9.95% and compressive & tensile 
strength by 12.61% & 12.91%. It also reduced the dosage of viscosity modifying reagent by 13.04% 
for the same water-cement ratio, improving the efficiency of concrete and there by reducing the 
cost of concrete. The efficiency of Magnetic Water is further improved with the use of sustainable 
replacement materials. Copper slag improved compressive & tensile strength by 19.4% & 19.63% 
at 30% replacement of sand; while Glass powder improved strength by 14.16% & 14.47% at 20% 
replacement. Copper slag was more effective than glass powder in terms of strength and economy. 
Fly ash as a cement replacement improved compressive & tensile strength by 17.02% & 17.31% at 
30% replacement. 

It is evident that improved technique with Magnetic Water coupled with sustainable materials 
resulted in a more sustainable, efficient and cost-effective concrete production with  better 
workability and strength, resulting in less energy, material waste and lower carbon emissions, giving 
better long-term performance and fewer repairs. 

Keywords: Self Compacting Concrete (SCC); Magnetic Water; Sustainable Concrete; Partial-
Replacement; Super Plasticizer; Copper Slag; Glass Powder; Flyash. 
 

1 Introduction 
Self-compacting concrete[1] (SCC) is the concrete 
that flows through the reinforcements and 
compacts under its own weight without any 
external compacting forces. A well graded SCC is 
highly flowable in nature which aids to its filling 
ability, passing ability and resistance to 
segregation. In recent years a variety of materials 
have been used to partially replace the 
constituent materials of SCC and have been tested 
so as to make the mix more sustainable - both in 
monetary and environmental aspects. In this 

experimental analysis we intend to test the SCC 
mix made with Magnetic Water[2] in which 
cement is partially replaced  with Flyash[3] at 10, 
20, 30, 40 & 50% while sand is replaced with 
Copper Slag[4] at 10, 20, 30, 40 & 50% and Glass 
Powder[5] at 5, 10, 15, 20 & 25%. 

1.1 Magnetic Water 
Magnetic water is the water which is passed 
through a magnetic field. The term Magnetic 
water does not mean that the water has gained 
magnetic properties. It merely means that the 
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Steel Fibre Reinforced Concrete for Sustainable Construction

SFRC in today’s Finnish construction industry, highlighting its benefits but also the challenges. This 

 

 

let’s take an example of 3
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Abstract 
This paper describes the results of the NAKI II project of the “Methods for Achieving Sustainability 
of Industrial Heritage Steel Bridges” which has been carried out over the last 5 years. It deals with 
the diagnostics results presents the overview of the load tests done and assessment results, 
including the coating application. The strengthening methods are presented, with the focus on the 
SMA materials. It is shown, that we have still many hidden reserves in the load capacity of heritage 
bridges, and if proper methods are chosen, the durability can be much longer, then predicted 100 
years.  

Keywords: Industrial heritage, steel bridges, load test, fatigue. 
 

 

1 Introduction 
Bridges are part of every route, whether for rail, 
highway, cycle or pedestrian traffic. They are large 
structures that complement the landscape or 
urban character of cities. The second half of the 
19th century brought a boom in railway transport 
in the Czech republic. It was at this time that many 
railway bridges were built. They were stone or brick 
bridges with small spans. For larger spans, steel 
bridges were made. Some of them are still in use 

today. Mostly they are found on local lines or less 
frequented routes. 

Approximately 400 bridges are protected, four 
bridges are national cultural monuments and 
others within urban heritage protection areas. 
However, age has left its mark on many bridges, 
particularly in the form of corrosion or the 
development of cracks. Many valuable metal 
bridges are not listed and, as a result of their 
rapidly declining physical integrity, an important 
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Revitalization of the historical bridge over the Mała Panew River in 
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1 
The royal “Malapane” steelworks in Ozimek near 

Laasan (Łazany) in the vicinity of Żarów in Lower 

neighbourhood of Oławska Gate. However, prior 

on Mała Panew River, a need arose for a modern 

current of Mała Panew river on the Graff Renard 
Straße, leading from Opole to Dobrodzień, and 
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Figure 14. The bearing cable with additional 

strengthening steel cables.  
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Prussia “Malapane” Steelwork in Ozimek (in 
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Conference “Preservation of Cultural 
Heritage” (BASA’ 2016), Bulgarian Academy 
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Femtosecond pulse laser cleaning for the preservation of the Sydney 
Harbour Bridge
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Conservation of caves cut in volcanic breccia, Jogeshwari, Mumbai
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How an Architectural Gem from 1900 Became “Building of the Year 
2020”: Alter Wall 2-32 at the Heart of Hamburg, Germany

“Building of the Year 
Award” in 2020.

 

immediate vicinity of Hamburg’s City Hall and Stock 

traditional merchants’ office buildings from the 

originally used as merchants’ offices and later by a 
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Bridge Management Analytics Focused On Sustainability And Economic 
Growth 
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Abstract: 
The transportation sector in various countries are facing the daunting challenge of sustainable 
development. In recent times, bridges on the network are experiencing failure. Sufficient data is 
available for analysis and comparison between different bridges. Very little data is available on the 
contribution of the existing bridge towards economic growth over the years. Life cycle cost analysis 
[LCCA] for bridges is carried out before actual construction to decide on the commercial viability of 
bridge construction. LCCA also needs to be carried out to reflect the changes in the scenario 
emerging from dynamic behaviour in bridge structure. This dynamism of the bridge is captured 
within Global Analytics for Bridge Management [GABM]. GABM is oriented towards fulfilling the 
objectives of sustainability, the process also ensures economic growth. GABM has maintained the 
focus on rehabilitation intervention which helps in evaluation of impact on sustainability. Tangible 
and intangible IRR ensures sustainability is maintained without compromising economic growth.  

Keywords: Global Analytics for Bridge Management, Unified Bridge Management System, LCCA, 
Sustainability. 

1 Introduction 
The life-cycle cost analysis (LCCA) approach is used 
to calculate the overall cost of infrastructure 
ownership. Bridges, within the array of 
infrastructure projects are the focus of this 
research. LCCA includes all expenditures associated 
with purchasing, owning, and disposing of a bridge 
structure. It is notably beneficial for comparing 
project options that meet the same performance 
criteria but differ in terms of initiation and 
operation expenses; to choose the one that 
optimizes net savings. The goal of LCCA is to 
evaluate the total costs of project choices and to 
select the design that ensures the infrastructure 
has the lowest overall cost of ownership while 
maintaining quality and function.[1,2]  To reduce life-
cycle costs, LCCA should be performed early during 
the design process, when there is still time to alter 
the design. The first and most challenging task of 
an LCCA, or any economic evaluation technique, is 
to assess the economic implications of alternative 
structure and its system designs and to quantify 
and describe these impacts in monetary terms. One 

of the primary objectives of the Bridge 
Management System [BMS] is to optimize 
expenditure utilization by maintaining a balance 
between preserving a sustainable environment and 
managing the economic benefits of bridge 
constructions with a longer life length. It should 
ensure that the sustainability qualities of any 
bridge project are maintained throughout its life 
cycle, including maintenance, rehabilitation, 
restoration, and replacement.[3,4] The application 
of Life-Cycle Cost Analysis [LCCA] provides 
sustainability management throughout 
infrastructure design and maintenance. LCCA is 
used to analyze the overall financial cost of bridge 
project choices and to select the design that 
ensures the bridge has the lowest cost of 
ownership consistent with its quality and function. 
If the advantages of Social, Economic, and 
Environmental aspects of the bridge project are 
also considered, LCCA becomes more viable. Global 
Analytics for Bridge Management [GABM] enables 
bridge management teams to achieve the delicate 
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Sustainability and Innovation in Design of Major Bridge Substructures
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Halsafjorden Suspension bridge on floating foundation.
Design and CO2 emission.

 



https://doi.org/10.2749/newdelhi.2023.0404 Distributed by 

404

A comparison of the resource-efficiency of different reinforcement 
concepts motivated by tunnel segments

 

 



https://doi.org/10.2749/newdelhi.2023.0411 Distributed by 

411

Environmental assessment of road construction projects in India: A 
novel approach 

 

consequences on India’s climate and 
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Abstract 
Innovative structural forms for medium span bridges are a challenging effort for bridge design 
engineers especially in built-up area locations, where social impact plays a crucial role. Box girders 
are flexible forms compared to conventional ‘I’ girders, in the sense that they can have curved plan 
as well as varying shape of cross sections. Padaharam bridge at Alappuzha district of Kerala state is 
such a bridge planned, designed and under construction with superstructure having 
walkways/pedestrian way underneath cantilevering box girder. This ensued less land acquisition, 
environmental and social impact. In this paper, the planning, design, and construction of this bridge 
are introduced. The cross-sectional features of the box girder, the structural analysis of the 
superstructure and its constructional techniques are discussed in this paper. 

 

Keywords: Box girder; Land acquisition; National Water Way; High Embankment; Land Span. 

1 Introduction 
There have been relentless efforts from Bridge 
Engineers to provide cost-effective structural 
solutions. Box girder bridges are a type of bridge in 
which the main beams comprise girders in the 
shape of a hollow box. Box girders are efficient 
form of construction for bridges because it 
minimizes weight, while maximizing flexural 
stiffness and capacity. The box girder normally 
comprises prestressed concrete, structural steel, or 
a composite of steel and reinforced concrete. 

Analysis and design of box-girder bridges are very 
complex because of its three-dimensional behavior 
consisting of torsion, distortion and bending in 
longitudinal and transverse directions. The 
longitudinal bending stress distribution in wide 
flange girder is distributed non-uniformity 
throughout the width. 

Waterway transportation play a vital role in Kerala 
as the inland navigation system encompasses 41 
east to west flowing rivers along with backwaters 
in north-south  coastal line of Arabian sea. The 633 
m long west cost canal includes the 163km National 
Waterway-3 (NW3) from Kollam to Kottapuram. 
This paper presents the design features of 
Padaharam bridge across Pampa River under 
construction across the NW3 at Alappuzha having 
peculiar box girder form for superstructure 
reducing overall width and the aesthetic features. 

2 Challenges in Planning the Bridge 
As per the norms of Inland Water Authority of India 
(IWAI), a vertical clearance of 6m above high flood 
level and a horizontal clearance of 40m between 
piers is mandatory for bridges to be constructed 
across NWW in Kerala. Box-girders are cost-
effective for spans range above 30 metres. As a 
result, there was a demand for constructing high 
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Abstract 
Road Network of Himachal Pradesh, a northern state in India requires number of long span 
bridges across valleys and rivers due to its hilly terrain. One such bridge across river Beas at 
Hanogi has a total length of 119.2m. Proposed span arrangement at the location of this bridge is 
97.2m + 22m. National Highway (NH-3) runs perpendicular to the bridge. The bridge is located in 
a constrained location with approach road on one side and a hillock with NH-3 at its toe on the 
other side. It was proposed to build an extradosed bridge of span 97.2m with pylon only on 
abutment A2 side and back stay cables anchored in hillock formed of rock.  

This paper presents design aspects of the extradosed superstructure and cables, back stay 
anchors, Abutment A2 and staged construction analysis. The construction of the bridge is carried 
out by cantilever method with form traveler. This paper also covers construction methodology 
of the superstructure, ground Improvement and stability check at abutment A2 and Hillock where 
the stays are anchored. 

This is one of the unique extradosed bridge where long span on one side is supported by cables 
on single pylon and back stay cables are anchored to the rock. 

Keywords: Extradosed Bridge, Rock Anchored, Ground Improvement, Cantilever Construction. 
 

1 Introduction 
Roads are a very vital infrastructure for rapid 
economic growth of any state/country. In fact, 
the development of important sectors of 
economy such as Agriculture, Horticulture, 

Industry, Mining and Forestry depends upon an 
efficient road network. Social activities such as 
education, health, family planning and promotion 
of tourism also depend upon an efficient road 
network. 

Road Network of Himachal Pradesh requires 
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Innovation in the design and construction of Temburong Bridge, 
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Wind Tunnel Testing and Aerodynamic Consulting for Indian Bridges 
Today

 

In support of the development of India’s transport 
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Abstract 
This paper discusses the seismic design policy and the design results for a novel pier-pile integrated rigid 
frame bridge, herein, denoted as the Pier-Pile Integrated Structure. The novelty of the structure lies in 
its foundation as the footing is eliminated leading to reduced substructure size, in turn, leading to 
reduced cost, construction time, and the need for topographic modification. The traditional design 
methodology for foundations with the assumption of fixed support or a rigid member at the footing does 
not hold for these structures. Hence, a novel seismic design methodology is proposed that considers the 
ambiguity in the failure mechanism and the ductility performance of ERW SKK 490 steel. Additionally, 
the seismic response and performance objective are set according to related past studies to form a 
comprehensive seismic design methodology for practical design. The proposed methodology is then 
applied for design of a road bridge and a comparison to the conventional design philosophy is presented.   

Keywords: Pier-Pile Integrated Structure; M-φ model; Beam on Nonlinear Winkler Foundation; SKK 
steel; non-linear dynamic analysis; seismic design. 
  

1 Introduction 
The multipolar rigid frame bridge (Fig. 1), is a bridge 
structure with its substructure consisting of pier-
pile integrated structure supported directly on soil 
and superstructure consisting of transverse and 
longitudinal beams, all connected by rigid joints. 
Such bridges have been adopted throughout the 
world as pedestrian bridges, as port facilities 
consisting of multiple piers, and as multipolar rigid 
frame structures without footing for emergency 
roads in mountainous areas. These structures can 
be designed as economic, easy to construct and 
easy to maintain structures requiring minimum 
topographical alterations because of the absence 
of a footing and shorter construction periods. 
These features are especially advantageous in 
narrow mountainous regions along evacuation 
routes.   

The traditional design methodology for 
foundations with the assumption of fixed support 
or a rigid member at the footing does not hold for 
the pier-pile integrated structures. Rather, the 
behaviour of these structures is governed by the 
effective buckling length of the pier elements, by 
the relative rigidity of the super- and sub-structure 
that dictates the failure mechanism. In such a case 

 
Figure 1. General arrangement of a multipolar 

pier-pile integrated structure 



https://doi.org/10.2749/newdelhi.2023.0483 Distributed by 

483
 

For further economy, a joined pier-pile system may 
be adopted that uses pipes of different thickness at 
different depths to balance the demand [8]. In the 
current case, a thinner section could be designed in 
the pile part against the lower seismic demands. 
However, caution is advised for the design of pile 
sections as there can be cases of concentration of 
curvature demands at locations with sudden 
changes in soil stiffness or a softer intermediate soil 
layer like an alternating rock and weak clay stratum.  

8 Conclusion 
This paper discusses the design methodology for a 
steel multipolar pier-pile steel bridge where the 
member slenderness is more than 0.4 and SKK steel 
is used. An advanced design that could reflect the 
related recent research and knowledge was 
achieved. The design took into consideration the 
properties of SKK steel, effect of slenderness ratio, 
effect of soil-pile interactions, and achieved 
desired collapse mode based on the results of the 
non-linear dynamic analysis.  

Compared to the conventional design that covered 
a limited range of slenderness ratio, did not have a 
target collapse mechanism, and did not consider 
the dynamic soil-pile interaction, an accurate 
seismic design could be achieved using the 
proposed design methodology. The information 
presented in this paper will be helpful for practical 
designers to design similar structures in the future. 
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Table 3. Factor of safety comparison using conventional and proposed design procedures with Type II 
ground motion for the same structure 

  

𝝓𝝓 / 𝝓𝝓𝒂𝒂 𝜹𝜹 / 𝜹𝜹𝒍𝒍 
Pier Pile Pier 

Near A1 
P1~P6 

At center 
P7~P15 

Near A2 
P16~P21 

Near A1 
P1~P6 

At center 
P7~P15 

Near A2 
P16~P21 

Near A1 
P1~P6 

Near A2 
P16~P21 

Longitudin
al 

Conventional 0.34 (P6) 0.10 (P15) 0.41 (P21) 0.51 (P3) 0.26 (P15) 0.41 (P21) 0.10 (P1) 0.15 (P21) 
Proposed 0.53 (P6) 0.57 (P15) 0.82 (P21) 0.25 (P3) 0.45 (P15) 0.33 (P21) 0.77 (P1) 0.73 (P19) 
  1.5 5.8  2.0 0.5 1.8 0.8 7.7  4.8  Transverse 

Conventional 0.10 (P6) 0.11 (P15) 0.70 (P21) 0.29 (P3) 0.31 (P15) 0.86 (P21) 0.07 (P1) 0.21 (P21) 
Proposed 0.87 (P6) 0.42 (P15) 0.71 (P21) 0.37 (P3) 0.37 (P15) 0.26 (P21) 0.23 (P1) 0.41 (P19) 
  8.0 3.8 1.0 1.3 1.2 0.3 3.5  2.0 

*  𝜙𝜙𝑎𝑎 as per eq.  (1) for conventional and eq. (4) for modified design; 𝛿𝛿𝑙𝑙  as per eq. (2) 

A longitudinal isolation system with elastoplastic cables for single-
tower cable-stayed bridges
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Seismic Analysis of Integral Abutment Bridge – Comparison of Framed 
Abutment with Fixed Base and Hinged Base 
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Study on Mechanical Properties of a Negative Poisson's Ratio 
Structural Bridge Block
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Abstract 
Air conditioning systems account for bulk total energy consumption in buildings. The major 
phenomenon behind thermal insulation is the conservation of energy. In this paper, 
experimental analysis on the thermal performance of concrete sandwich wall panels (SWP) 
was studied by varying the core insulation material and was compared with conventional 
concrete wall panels (CCWP). Insulation materials used for analysis include expanded 
polystyrene (EPS), air cavity, paper boards, and wood sawdust.  

 

In the laboratory, the thermal conductivity of core insulation materials was quantified using 
Lee’s disc apparatus. The thermal conductivity values of SWP specimens are entirely 
dependent on the thermal conductivity of core insulation materials. Field thermal 
performance is measured with the help of an infrared thermometer.   

 

It is found that the outer surface of SWP experienced high temperatures compared to the 
outer surface of CCWP. In the inner surface, the temperature increase is gradual in SWP and 
about 4⁰C less compared to CCWP at maximum temperature.  

 

Keywords: Thermal conductivity, Sandwich wall panels, Expanded Polystyrene (EPS), 
Conventional Concrete Wall Panels (CCWP), Lee’s disc apparatus, Infrared thermometer 
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MINIMASS: a new approach for low-carbon, low-cost 3D printed 
concrete beams
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Material efficient WAAM Steel Construction Details
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Abstract 
The pursuit of sustainable growth in the construction sector needs a precise forecast of material 
characteristics to optimize resource consumption. This research focuses on utilizing the capabilities 
of well-known XGBoost regression algorithms to forecast the compressive strength of High-
Performance Concrete (HPC). In this study, 2171 datasets were collected from literature containing 
input parameters that influence concrete strength, thereby creating a robust predictive model. The 
performance indices were assessed using root mean squared error (RMSE) and R2 score. The findings 
indicate that the XGBoost model outperforms standard statistical techniques in predicting accuracy. 
This research intends to improve the precision of compressive strength estimation, facilitating the 
development of more durable and sustainable construction practices. 

 

Keywords: High-Performance Concrete (HPC); Machine Learning; Prediction; XGBoost Regressor; 
Optimization Techniques; Compressive Strength; Sustainable Development. 
 

1 Introduction 
In recent years, the construction sector has seen a 
considerable paradigm change toward sustainable 
practices and environmentally responsible 
approaches. Concrete, being the most extensively 
used construction material, is critical in shaping 
modern infrastructures systems [1-4]. As the 
worldwide focus shifts to decreasing the 
environmental imprint of infrastructure projects, 
developing novel methods for optimizing building 
materials becomes critical. High-Performance 
Concrete (HPC) is vital due to its remarkable 
mechanical attributes and potential for improving 
construction durability and lifetime [5]. The 
compressive strength of HPC is an important 

measure of its quality and performance, impacting 
the structural integrity of many applications. 
Accurate prediction of HPC compressive strength is 
critical for optimizing material utilization, assuring 
structural integrity, and reducing environmental 
impact. Traditional compressive strength 
prediction methods may incorporate time-
consuming and resource-intensive experimental 
approaches [6,7]. However, the development of 
data driven techniques has opened up new 
opportunities for forecasting material qualities 
quickly and effectively [8-10]. Several Machine 
learning approaches have proven effective in 
various engineering domains, including concrete 
strength prediction [11-13].  XGBoost Regressor 
and Random Forest have emerged as prominent 
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Abstract 
Considering current trends in the Netherlands with regards to sustainability, there is a strong desire 
at Delft University of Technology to incorporate sustainable structural design strategies in the civil 
and structural engineering curriculum. Based on literature study and own experiences in practice, a 
coherent approach was developed, that can help students and practitioners to increase 
sustainability in their projects. The approach consists of a roadmap with 4 key strategies: increase 
lifespan of existing structures by reusing them, increase lifespan of existing structural elements by 
reusing them, design future proof and with a long-life span, and optimise the design for 
environmental impact. The strategies are explained and illustrated with examples. 

Keywords: sustainable structural design, environmental impact, carbon footprint 
 

1 Introduction 
Over the past century, humanity has been 
responsible for releasing large amounts of CO2 (in 
this paper we will use CO2, for all greenhouse 
gasses, although CO2equivalent (CO2e) might be 
more appropriate). As CO2 levels in our 
atmosphere have risen, so has the global 
temperature. Our planet is now approximately 1 
degree Celsius warmer, compared to pre-
industrialization levels. Since 1975 the 
temperature increased with approximately 0,15-
0,2 degrees per decade [1]. This temperature rise 
has manifested itself through floodings, droughts, 
hurricanes and fires, leading to large damages on 
multiple facets. 

In 2015 many countries signed the Paris 
agreement. These countries agreed that global 
warming should be limited to 2 degrees, preferably 
1,5 degrees Celsius, to avoid inevitable, 
catastrophic, and hard to control consequences. It 
is evident that a change of behaviour is needed  

across the whole of society  to limit CO2 emissions 
and get us anywhere near the set target of 1,5 
degrees Celsius. To cite the Intergovernmental 
Panel on Climate Change (IPCC): “… unless there 
are immediate, rapid and large-scale reductions in 
greenhouse gas emissions, limiting warming to 
close to 1.5°C or even 2°C will be beyond reach” [2].  

To appreciate the importance of sustainable 
structural engineering, it is important to realize 
buildings and construction together account for 
approximately 36% of global final energy use and 
39% of energy-related carbon dioxide (CO2) 
emissions [3, 4]. On the other hand, the sector 
continues to grow at unprecedented rates. Over 
the next 40 years, the world is expected to build 
230 billion square meters in new construction, 
adding the equivalent of Paris to the planet every 
single week. 

The last decades, emissions during use of buildings 
have been reduced significantly, further 
accelerated by the energy crisis of 2022. In a 
current best-practice building, the construction 
phase is accountable for approximately 50% of 
construction and use related emissions [5]. The 
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Abstract  
The efforts of the national states to significantly reduce co2 emissions will have a major impact on the 
construction industry. In particular, production of gypsum, which is mainly obtained by flue gas 
desulfurization, will decrease. A replacement of gypsum by sustainable lime-paper, mainly produced from 
secondary raw materials, is considered for various applications. In this paper, the mechanical properties of 
components feasible with lime paper are investigated and compared with the requirements of the 
construction elements.  

Keywords: lime-paper, secondary raw materials, replacement materials, sustainability, strength. 
 
1 Introduction  
Climate change and the efforts of states to 
significantly reduce CO2 emissions require 
considerable efforts in the construction industry. In 
general, about a third of CO2 emissions can be 
attributed to the construction sector.  

Interior components in particular offer the 
potential to test new building materials due to the 
low requirements for building law, statics and 
building physics.  

Gypsum is an essential finishing material, especially 
in the form of plasterboard.  

More than 50% of the gypsum available on the 
German market is FGD gypsum. This is a cheap 
byproduct during the flue gas desulfurization of 
exhaust gases from coal-fired power plants.   

Due to the German cut of coal-fired plants, around 
5 million tons of gypsum will be missing from 2038. 
This results in a clear deficit in the raw material 
availability of gypsum and the building products 
obtained from it, such as plaster boards, gypsum 
plaster, gypsum blocks. Even an increasing 
production of natural gypsum cannot replace the 
missing FGD gypsum.  

It is therefore urgent to replace the loss of FGD 
gypsum by alternative products with similar 

mechanical properties, that can be produced at 
similar cost and in an adequate volume worldwide. 
In addition, however, these building materials must 
also  be  compostable,  non-toxic 
 and  meet sustainability criteria.  This  is 
 a major  and responsible task in the 
construction industry.   

2 Gypsum Alternatives   
With the foreseeable shortage of FGD gypsum, it is 
expected that in order to secure the gypsum 
quantities, in addition to increasing the mining of 
natural deposits, great efforts will be made to 
improve the recycling rate. improved recycling is 
one way to achieve greater sustainability and is 
definitely to be welcomed.   

There are also efforts to replace gypsum. However, 
this is currently proving difficult, as no suitable 
recycled gypsum substitute products exist to date. 
In [1] the authors comprehensively describe the life 
cycle assessment of traditional building materials 
like gypsum and gypsum plasterboards and 
furthermore the aspect of increased application of 
recycling materials for replacing the gypsum for 
interior fitting uses.   
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Replacement of gypsum plasterboard with sustainable secondary raw 
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Abstract 
From ancient civilizations to thriving industrial cities, mobility infrastructure provides safe crossings 
and promotes economic vitality within both urban and rural communities. Bridges provide rituals of 
movement connecting users to key parts of our collective cultural identity. Built heritage is a form 
of placemaking – and the preservation of built heritage creates both environmental and social value.  

Dissing+Weitling presents three unique projects to illustrate how cities can balance infrastructure 
and public safety demands with cultural heritage.  Scotland’s Queensferry Crossing, Canada’s 
Samuel De Champlain Replacement Bridge, and Switzerland’s Zweite Hinterrheinbrücke provide 
examples of how bridge architecture can reinforce cultural heritage while adapting to modern safety 
and user needs for safe crossing – whether through ensemble, replacement, or expansion of 
heritage infrastructure.  

Keywords: built heritage; cultural heritage; replacement bridge; ensemble bridges; stakeholder 
engagement; transformation; train infrastructure; pedestrian bridge; cultural identity  
 

1 Bridges as Built Heritage 
Mobility infrastructure is built to last: with 
intended lifespans of centuries rather than 
decades, it is an inevitability of bridge design to 
consider how local communities will not only 
functionally benefit but also find cultural relevance 
and pride within their routine crossings.  

Where local planning authorities must balance 
competing demands to accommodate increased 
traffic volume, public safety, and environmental 
impact – mobility architecture can provide a 
complementary pathway to socially sustainable 
value creation. By incorporating cultural heritage 
considerations into the evaluation of a project’s 
stakeholders, function, and form, infrastructure 
development can be seen as a placemaking effort.  

A variety of approaches can be taken to integrate 
infrastructure into the built cultural heritage stock: 
new infrastructure may be developed with the 

stated intent of having a design that can be 
embraced as a landmark – but ensemble and 
replacement bridges can also provide 
opportunities for infrastructure to adapt to 
changing user needs while still respecting the 
legacy of existing crossings.  

Dissing+Weitling presents three unique cases to 
demonstrate how infrastructure development can 
create social value through the lens of cultural 
heritage. Each project exemplifies how 
considerations of built heritage can widen the 
scope of a project’s community relevance beyond 
economic vitality and assurance of public safety. 
Scotland’s Queensferry Crossing provides 



https://doi.org/10.2749/newdelhi.2023.0640 Distributed by 

640

Conservation discourses in technical education, India

USM’s KRVIA & ES; 

for a ‘new India’, urban and infrastructure growth has been a

Indian heritage has a huge potential of contributing to the liveability index and UN’

 



https://doi.org/10.2749/newdelhi.2023.0649 Distributed by 

649

− 

− 

− 

− 

− 

− 

− 

− 

− 

− 

− 

Improving of (energy) performance of existing (heritage) buildings

–

–

 

 

 

• 
• 
• 
• 
• 



https://doi.org/10.2749/newdelhi.2023.0657 Distributed by 

657

 

 
 

 –

 las aus China … für die 

 
–

 

it’s 



https://doi.org/10.2749/newdelhi.2023.0666 Distributed by 

666

Lime red mud binders for repair of heritage structures and for CO2 
sequestration
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Abstract 
The importance of sustainability in transport infrastructure continues to gain momentum. Policymakers 
and planners play a vital role in integrating sustainability into transport infrastructure, so sustainability 
assessment should begin with decision-making.  This paper highlights the use of the Multi-criteria Decision 
Analysis (MCDA) technique: Analytical Hierarchy Process (AHP) to compare bridge design options in terms 
of sustainability. AHP can be a user-friendly assessment tool in developing countries where incorporating 
sustainability is not prioritized yet. The project "Design and Build of Bridges along Narayanghat-Mugling 
Highway" in Nepal is selected as the case study.  Using AHP, a monolithic concrete arch bridge was 
compared with a two simply supported spans of prestressed concrete bridge. Criteria such as economic, 
environment, construction ease and maintenance were incorporated in the AHP. The results of AHP show 
that the Arch bridge is a more sustainable design option. 

Keywords: Analytical Hierarchy Process (AHP), Multi-criteria Decision Analysis (MCDA), Sustainable 
design, Arch Bridge, Transport Infrastructure. 

 

1 Introduction 
The sustainable solutions, tools and techniques 
in the construction sector have long been 
discussed. Policymakers have a great influence 
on the sustainability performance of an 
infrastructural project, so sustainability 
assessment should begin with decision-making 
[1]. Traditionally in developing countries factors 
such as economics and functionality are 
prioritized over sustainability and carbon 
emissions in the design and planning of 
infrastructure. With rising awareness toward 

sustainable development, changes in 
governmental policy and contractual 
requirements are being observed. But the 
pressing question remains- “How to compare 
and select sustainable infrastructure design 
option?” Decision makers are in search of tools 
and techniques to assess sustainability in various 
life stages of infrastructure projects [2]. 

In this research, Multi-Criteria Decision Analysis 
(MCDA) technique Analytical Hierarchy Process 
(AHP) has been used to compare and select 
sustainable bridge design option. In this paper, 
"Design and Build of seven bridges along 
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Abstract 
The multi-span cable stayed bridge over river Wainganga near Ambhora, Maharashtra, has an 
overall length of 705m and deck width of 15.25m to accommodate 2 lanes of vehicular traffic and 
3m+3m footpath for pedestrians. The structural arrangement of the bridge comprises 2 modules, 
with Module 1 of 420m and Module 2 of 280m length with span arrangements of 
70m+140m+140m+70m and 70m+140m+70m respectively. The superstructure is cable stayed with 
RCC deck with an RCC pylon height of 30m above deck level. The pylon P3 at the center of the bridge 
is also proposed with Viewing Gallery 40m above deck level which is structurally independent from 
the main bridge. This paper discusses the construction aspects of the bridge along with the details 
of a special travelling formwork (form-traveller) used to enable the cantilever construction of the 
spans over deep waters. The Module 1 of the bridge is constructed by cantilever method for pylon 
P2 and anchored span method for pylon P1 and P3. The Module 2 of the bridge is constructed 
entirely on staging. This is one of the very few cable-stayed bridges in India where all 3 methods of 
construction of a cable stayed superstructure are adopted in the same bridge. 

Keywords: Cable stayed bridge, Multi-span, Cantilever construction, Travelling Formwork, Form-traveller 

 

1 Introduction 
The reservoir of Gosekhurd Dam is one of the 
largest by storage capacity in the draught prone 
Vidarbha region of Maharashtra state, India. 
Opened in 2008, the reservoir’s high FRL meant 
most of the bridges upstream on the Wainganga 

river get submerged every monsoon season, 
cutting off the links between the already under-
connected Nagpur and Bhandara districts of the 
state. State Highway 254 of Maharashtra, which 
connects the southern and south-eastern parts of 
the Nagpur district to the city of Bhandara bares a 
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calculations. After the completion of each 
construction cycle (i.e., all activities of one deck 
segment), the forces in the stay cables, the 
deformations of the deck and the pylon are 
measured and compared with analytical values. 

 

6 Conclusions 
The cable stayed bridge over Wainganga River at 
Ambhora is one of the very few bridges where all 
state-of-the art construction methods available for 
river bridges are simultaneously adopted. Behavior 
of the cable stayed bridges during cantilever 
construction employing various method is 
thoroughly studied. The form-traveller design 
offers versatility in terms of its utility. Not only the 
construction cycle time is shortened, but also the 
system is flexible enough to be used for many other 
bridges of similar carriageway widths and spans. 
The form-traveller design offers a swift way of 
profile correction without having to adjust the cup 
locks at every segment. Considering the 
Government of India’s emphasis on interlinking of 

the country’s massive rivers to create an inland 
waterway infrastructure, it is certain that many 
long multi-span cable stayed bridges will be built in 
India. The work on this project enriches the 
knowledge on the design and construction of such 
bridges. 
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First Time Use of LRB for Seismic Isolation of a Major Bridge in India - A 
case study 
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Abstract 
This paper presents first time application of Lead Rubber Bearings (LRB) in one of the Bridges in 
India, presently under construction and located in high seismic zone (Zone IV). LRB is adopted as a 
Seismic Isolation device for reduction of seismic demand. LRBs have found wide application 
worldwide because of their simplicity and combined Isolation-energy dissipation function in a single 
unit. Its components include a lead core and a laminated rubber bearing. In addition to withstanding 
a strong horizontal and vertical load, the lead core also has the ability to absorb energy through 
plastic deformation via hysteretic damping. LRB enhances flexibility of the structure and thereby the 
natural time period of structure defers with the natural time period of ground motion. LRB being 
the most viable option in high seismic zone, it was decided to use it in one of the projects, namely 
the viaduct approach spans of the 4-lane bridge over river Ganga at Patna, Bihar (Parallel to the 
Existing Mahatma Gandhi Setu). The project is being executed on EPC contract Mode.  

Keywords: Lead rubber bearing (LRB), Seismic Isolation, stiffness, system analysis, lead plug, 
hysteresis damping, time period, energy dissipation, Euro codes. 

 

1 Introduction 
Lead Rubber Bearing (LRB) is being used as a 
seismic isolation device in Viaduct of Mahatma 
Gandhi Setu for the first time in India. Key features 
of Viaduct are as follows: 

The approach Viaduct to the main bridge has a 
length of 1565,1 metres. The span arrangement 
comprises of several modules of spans, ranging 
from 2 span modules (2 x 33,3m), 3 span module 
(3x33,3m) and a few 4-span module of similar span 
range. The structural scheme of 18m wide deck 
superstructure comprise of five numbers 
pretensioned girders with in-situ RCC deck slab and 
diaphragms. Continuity is established through deck 
slab only within a module. Each span is supported 
on eight nos LRBs. The deck structure is resting on 

pier cap with single pier. The pier is in turn 
supported on bored-cast-in-situ piles. Soil strata in 
the area is such that loose filled-up soil is 
encountered up to 15m depth from ground level. 
To cater for large forces arising due to high seismic 
forces and poor soil conditions, LRBs have been 
resorted to in this project as this type of bearing 
cum isolation device reduces seismic demand 
considerably. Fig.1 and Fig.2 shows the Elevation 
and Cross-Section of the viaduct. Fig. 3 shows the 
photo of under-construction Viaduct. LRBs used in 
Viaduct are multi-directional to allow translation in 
any horizontal direction. This paper gives salient 
technical details of the LRBs used in this project.   
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3.5.6 Test on steel plates 

Rolled steel plates were tested for chemical and 
mechanical properties in addition to ultrasonic 
examination. It was observed that plates were free 
from any recordable internal discontinuity. Hence 
material was ultrasonically acceptable as per ASTM 
A 435. 

3.6 Comparison of carbon footprint 
Table 4 shows a comparison of carbon footprint 
amongst LRB, Elastomeric bearing and metallic 
bearing. 

Table 4: Quantities/Equivalent of pile, pile cap and 
pier in a typical 3 span continuous module 
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1 Lead rubber 
bearing 

1091 82 224 (64%) 

2 Metallic 
bearing 

1511 117 311 (89%) 

3 Elastomeric 
bearing 

1689 150 350 (100%) 

GWP*: Global warming potential values  

Assumed Values of carbon footprint: Concrete: @ 
350 kgCO2e/m3, Steel: @ 260 kgCO2e/ton 
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4 Conclusions 

Use of LRB for dissipation of earthquake energy and 
for isolation is an effective method for mitigating 
seismic risk. This project has proved that use of LRB 
has not only helped in improving the seismic 
performance of structure, but also helped to 
optimise the design and assisted in achieving 
sustainable development. As per Table 4, carbon 
footprint of a typical module with LRB is only 64% 
and that with metallic bearing is 89% when 
compared with Elastomeric bearing. Above 
information demonstrate sustainability and 
economy of bridge structures. Testing protocols 
(mentioned above) ensure that LRBs are able to 
withstand seismic forces and provide effective 
seismic protection to Viaduct. All-inclusive, LRBs 
are reliable and effective solution for mitigating the 
adverse effects of earthquakes and the same have 
been successfully validated with the help of full 
scale and prototype testing on LRB which are used 
in Viaduct. 

5 References 
[1] European Standard EN 15129:2018 for ANTI 

SEISMIC DEVICES, European Committee for 
Standardization, November 2018. 

[2] IRC: SP:114-2018 – GUIDELINES FOR SEISMIC 
DESIGN OF ROAD BRIDGES, IRC Publication 

[3] Trevor E Kelly, R. Ivan Skinner, Bill (W.H.) 
Robinson Seismic Isolation for Designers and 
Structural Engineers. NICEE Publications; 
2012 January 

Double-Decker - Nagpur Metro Flyover with Spine & Wing 
Superstructure 

 



https://doi.org/10.2749/newdelhi.2023.0744 Distributed by 

744

Study of A Monumental Stair Susceptible to Excessive Vibrations Due 
to Human Movements

 



https://doi.org/10.2749/newdelhi.2023.0752 Distributed by 

752

Designing World’s Tallest Statue for Wind: Statue of Unity 
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https://doi.org/10.2749/newdelhi.2023.0760 Distributed by 

760

488 University Avenue - Toronto: Redefining possible in the vertical 
expansion of buildings

 

The developer’s 

To the authors’ knowledge, 488 



https://doi.org/10.2749/newdelhi.2023.0770 Distributed by 

770

 

Research on creep and shrinkage effects of steel-concrete-Ultra-High 
Performance Concrete (UHPC) composite structure under different 
construction methods 
Deng guomin,Shi shudong 
Shang hai Pudong Road & Bridge(group) co., Ltd, Shanghai, China 

Ma xiaogang, Zhang dawei 

Shanghai Pudong Architectural Design & Research Institute Co., Ltd, Shanghai, China 

Guo songsong, Liu chao 
Tongji University, Shanghai, China 
 

Contact: dengguomin520@126.com 

 

Abstract 
The shrinkage and creep effects of concrete is an indispensable calculation content in the design of 
concrete bridges and composite bridges. Based on past experience, the deformation of concrete 
slabs is constrained by steel plate. As a special concrete material, the shrinkage and creep 
mechanism of UHPC is similar to that of ordinary concrete. However, the shrinkage and creep rate 
of UHPC is different. This paper mainly calculates and analyses the shrinkage and creep effects of 
steel-concrete-UHPC composite slabs under two different construction conditions (cantilever 
construction and full framing construction). Firstly, the solid finite element method is used to 
simulate the shrinkage and creep effects of composite slabs. Then, the stress and deformation of 
each component in the composite slabs under the two construction conditions are compared and 
analysed. Finally, the influence of construction methods on the shrinkage and creep performance 
of the steel-concrete-UHPC composite slabs is revealed and summarized. 

Keywords: Steel-concrete-UHPC composite slabs; Cantilever construction; Full framing 
construction; Shrinkage and creep effects. 

 

1 Introduction 
In order to relieve the traffic pressure within the 
urban area, and taking into account the existing 
construction conditions in the meantime, the 
application of the City elevated in the urban area is 
gradually increasing. The main bridge is the 
continuous steel-concrete composite girder bridge 
with a length of 140m, a span arrangement of 
40+60+40m and a width of 16.5m. The composite 
slab is a steel-concrete-UHPC composite slab with 
the thickness of slabs varying linearly from 
cantilever end to root, which is from 270mm to 

370mm. And the thickness of bottom steel plate is 
8mm. The concrete is connected to the steel plate 
by means of studs and steel ribs. And the concrete 
is connected to the UHPC layer after the surface of 
concrete has been chiselled. 

 

 
Figure 1Cross section of main bridge 
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Butt-jointed reinforcement bars in the longitudinal joints of tunnel 
segments: Experimental investigation 
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Abstract:

Large span continuous rigid frame bridges often suffer continuous deflection of the middle span in 
the service. In this paper, the rigid frame-suspension composite bridge is proposed in which main 
cables and hangers are adopted to support part of the beam weight at mid-span. A 70+130+80m-
span bridge was selected as the case study and its finite element model was built using the software 
of Midas. In comparison with continuous rigid frame bridge, the rigid frame suspension composite 
bridge suffers significantly lower creep deflection. As the tensile force of hanger rod increases, the 
upper deflection value increases. The results obtained have certain reference value for the design of 
such composite bridges.

Keyword: rigid frame suspension composite bridge; numerical modeling; the mid-span deflection of 
main beam

1 Introduction

(1) 
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Digitalization of bridge inventory via automated generation of BIM 
models

 

 
According to the “Master Plan BIM Federal 
Highways (Masterplan BIM Bundesfernstraßen)” of 
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GABM - Empowering the Micro Bridge Inventory Owners
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. The resultant application “Global Analytics for Bridge 
Management” [GABM] is aimed at empowering micro bridge inventory owners fulfi
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An Overview of the BIM implementation on Chilean Bridges
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A machine learning based methodology of integrating loading data 
and load effect data for long span bridge assessment
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Bridge construction using decommissioned wind turbine blades as a 
poverty alleviation centric technology: possibilities and 
implementation example
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Mobility Architecture as a Driver of Social Sustainability Outcomes  

Poul Ove Jensen, Jesper Henriksen, Tine Holmboe, Catherine Merlo  
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Abstract 
From small footpaths to large ocean spans, bridges connect people, reduce travel time, and 
generate economic opportunity. Successful mobility solutions strengthen social cohesion and 
provide a strong sense of place to local communities. Today’s infrastructure must deliver an ever-
increasing list of ESG outcomes. Within complex infrastructure value chains, architects can 
collaborate with engineering partners to prioritize social sustainability and centre the human user 
within the design process.   

Dissing+Weitling presents three bridges across a spectrum of functions to demonstrate how design 
can be a key driver of social impact and sustainability outcomes. Together, the Great Belt Bridge, 
Køge Nord Station, and Copenhagen Bicycle Snake present a case for bridge design as social value 
drivers through landmark placemaking, improvement of urban life, and universal design.   

Keywords: social cohesion; social impact; suspension; bicycle bridge; placemaking; user centred 
mobility; universal design; cultural heritage; sustainable transportation   
 

1 Introduction  
A bridge is an opportunity: a functional solution to 
a mobility problem, a safe crossing for human 
users. This holds true regardless of scale or 
geography – the smallest pedestrian bridges can 
fundamentally transform both individual and 
communal rituals of movement just as 
meaningfully as a large ocean crossing.  

Increasingly, design parameters speak to the 
severity of the polycrisis. Investment in new 
infrastructure must deliver economic returns – 
driving efficiency for the flow of goods and raw 
materials and increasing connectivity between 
regional partners. At the same time, new bridge 
developments balance negative impact trade-offs 
necessary to ensure public safety. Raw materials 
resource intensity and the environmental impact of 
construction are key considerations for national, 
regional, and local planners. Alongside these 
concerns lies the opportunity to catalyse social 
value creation. 

Mobility architecture drives social impact by 
centring the human user. In striving for long-lasting 
infrastructure that provides focal points for good 
experiences, bridges hold the potential to be 
socially sustainable across scales and geographies.  

Regardless of modality, the act of crossing a bridge 
contributes to a user’s sense of place: good 
experiences, visual access to urban or natural 
landscapes, and the ability to develop meaningful 
connections with both the self and the surrounding 
environment. A strong sense of place strengthens 
the social cohesion of communities, develops the 
cultural heritage stock, and can incentivize the 
adoption of sustainable behaviour as a part of a 
just, green transition.  

The nature of a bridge’s potential for social value 
creation is embedded within the mobility problem 
it seeks to solve. Therefore, architects facilitate a 
collaborative discovery process with the entire 
project development value chain. A comparison of 
three Danish bridges – Great Belt Fixed Link, Køge 
Nord Station, and the Copenhagen Bicycle Snake – 
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SUSTAINABILITY OF HERITAGE STRUCTURES ;  
CONSERVATION ISSSUES & CHALLENGES  

Dr. N. C. Pal  
OSD-cum-Engineer in Chief (Civil), Public Works Department, Govt of Odisha, Bhubaneswar, India  
Contact : drncpal@gmail.com 

Abstract 
 Conservation of heritage structures for their sustainability requires an interdisciplinary approach. The 
challenges  in understanding the structural behaviour and the ability to make correct decisions for structural 
intervention become complex and tedious due to non availability of exact documents and drawings, data 
regarding actual use of materials and methodologies , constructional techniques, processes of decay and 
damage, present safety level & possible risk of consequential distress. Present article briefly explains some 
of these challenges in conservation of heritage structures while emphasizing  their sustainability aspects. Two 
case study examples are presented describing the historical, structural and architectural investigations, 
condition assessment, safety evaluation and structural intervention to highlight these issues.  

Keywords: Heritage Structures, constructional techniques, condition assessment, safety evaluation, 
structural intervention, structural risk, challenges. 

1 Introduction 
Heritage Structures by their very nature and history 
(material and assembly) present a number of 
challenges in conservation, diagnosis, analysis, 
monitoring and strengthening. Knowledge of the 
history of architecture, material characteristics, 
instruments and techniques for investigations, 
diagnosis and restoration are all vital aspects for 
correct understanding of structural behaviour and 
the ability to make correct decisions for repair and 
strengthening / retrofitting. The conservation 
challenges and possible risk for structural 
intervention as investigated in case of two  
historically important heritage structures located 
in the state of Odisha, India are briefly presented in 
this article.  

2  Case Study  
Lord Jagannath Temple located at Puri and Sun 
Temple located  at Konark constructed during 12th 
Century are two majestic heritage structures of 
Bharat (India) declared as National Protected 
Monument with conservation and maintenance 
responsibility under Archaeological Survey of India 
(ASI).   Sun Temple at Konark is also UNESCO listed 
heritage structure. A cluster of various  

geometrically shaped stone masonry structures are 
found in the premises of both the above two 
temple complex. The case study pertains to the 
structural conservation challenges of the pyramidal 
shaped stone masonry structures inside the temple 
complex, popularly known as “Jagamohana or 
Mukhasala (i.e the Prayer Hall) as per the local 
Kalinga style of temple Architecture ( Shilpa Sastra).  

2.1    Jagamohana (Mukhasala)  of  Lord 
Jagannath Temple at  Puri, Odisha 

JAGAMOHANA Structure (Mukhasala) , refereed as  
the “Prayer Hall” of the Puri JAGANNATH temple 
complex,  is an integral part of this  900 year old 
historical  monument of Odisha. It is a living temple 
with complex rituals through out the year with  
restriction on time of work. Similarly, ritualistic 
restrictions prohibit on use of certain modern  
materials and machineries for any investigation / 
diagnosis / construction /conservation purpose, 
which is another major challenge. The original 
construction was made in ashlar stone dry masonry 
with blocks of Khandolite (a local stand stone) laid 
in courses. For the construction, no mortar has 
been used. Instead the stones have been jointed 
with help of wrought iron U-shaped clamps or 
dowels and have been supported one over another 
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Structural Rehabilitation of Viaduct Cernicchiara

’s analysis and 

was started when “ –
” asked a better  solution to  solve 
“Cernicchiara Viaduct” Structural 

“Valori Scarl – Consorzio Stabile”, thanks to its 

In 2018, it won the Framework Agreement “ANAS 
– Lotto 5 Calabria” for the “special 

”, for a total amount of €

Cernicchiara Viaduct’s decks and impost blocks.

The viaduct’s structural improvement was realized 

viaduct’s transversal axis. The entire viaduct was 
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Bridges – A catalyst as well as a driver for sustainable development

own operations and in delivering client’s projects we strive to deliver 

 

live and towards achieving the United Nation’s 
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Abstract 
Bicycle infrastructure creates environmental, social, and economic value in urban environments 
across cultures. Cities that invest in bicycle infrastructure reduce the number of cars on the road, 
save on infrastructure maintenance costs, and preserve greenspace within development plans. A 
bridge must not only solve specific traffic challenges but catalyse value creation and incentivize 
sustainable urban transport.  

Exploring the intersection of architecture and user experience across bicycle bridges in Copenhagen, 
Denmark and Xiamen, China - Dissing+Weitling demonstrates how cycling infrastructure is a 
powerful tool for cities to incentivize sustainable urban mobility.  

Keywords: bicycle; cycling infrastructure; urban mobility; user experience; social value; site-specific; 
traffic solution; public health; commuting  
 

1 Introduction  
Bicycle infrastructure can incentivize citizen 
adoption of socially and environmentally 
sustainable mobility. To be a driver of sustainable 
value creation, bicycle bridges and larger urban 
cycling systems must be contextual, dynamic, and 
deliver a joyful riding experience.   

The benefits of moving onto two wheels are many-
fold. For the user, higher levels of physical activity 
can increase wellbeing through the physical and 
mental health benefits. It is an active form of 
commuting – and by decreasing the amount of 
sedentary travel can result in better public health 
outcomes.  Open air commuting can contribute to 
a citizen’s sense of place – with dynamic views and 
time spent outdoors strengthening the user’s 
relationship with the environment and urban 
fabric.  

Bicycles are a key tool in reducing reliance on fossil 
fuel heavy modes of transportation – and an 

investment in cycling infrastructure can be an 
urban and regional planning strategy to reduce the 
number of vehicles on the road. Cycling bridges 
often have lower maintenance burdens compared 
to traditional roadways – and their scale can be 
more easily manipulated to ensure mobility 
infrastructure developments respond directly to 
existing traffic challenges.   

Infrastructure is developed to be used – and when 
designing for slow mobility (cycles, but also 
pedestrian and public transit), it is essential to 
focus on the user experience as a key to unlocking 
enjoyable travel. Here mobility architecture – 
through optimizing alignment, slope, and spatial 
feeling – can create better social value.  

What makes cycling infrastructure a true change 
catalyst is the designed user experience. Mobility 
architects’ partner with engineering and civic 
planning teams to ensure crossings are not only 
functional but enticing. Bicycle bridges can be 
scaled from small crossings to large systems – and 
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should feel safe. Dissing+Weitling believes that 
mobility architecture is this catalyst for good 
experiences as it moves people through space and 
across distance – and unlocking social value 
creation for all.  
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Net Zero implementation on transportation projects

 

component of the earth’s atmosphere after 

earth’s temperature. In other words, Its overarching goal is to hold “the 

industrial levels” and pursue 
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– “our waste is somebody else’s resource”
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Abstract 
The most dramatic development in the field of urban infrastructure in recent times has undoubtedly been 
the introduction of the metro as a transportation system in many cities across India. Apart from providing 
the predominant mode of travel, the metro has been instrumental in reducing pollution and making a 
significant contribution to the improvement of quality of life for the citizens.  

In the urban environment underground construction is always preferable instead of the alternative of 
employing elevated viaducts that would eventually remain a permanent part of the city’s skyline, resulting 
the severe restrictions on planning for developments in the future.  

This paper discusses the challenges experienced during the design and construction of underground 
structures for the Metro constructions in some of the heavily built-up areas in cities where the authors’ 
company has worked. Some typical situations encountered and the engineering solutions that were evolved 
will be discussed in this Paper. 
 

Keywords: Secant Pile; Guide wall; Tunnel; Underground Metro; Concrete Decking; Trench cutter; Struts; 
Rock Anchors; Temporary utility. 
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83.92 m Wide Rail Over Bridge – Chipiyana, Gautam Buddha Nagar, 
UP, India 

Satyam Gupta 
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Contact: satyamgupta@bsecpl.in 

Abstract 
The paper deals with the planning, design & construction of the widest Rail Over Bridge (ROB) at 
Railway km. 1429/6-8 between Ghaziabad & Maripat Railway Station on NH-24 at km. 20+213 at 
Chipiyana, Gautam Buddha Nagar, Uttar Pradesh, India. This ROB is a part of package-II of India’s 
widest, 96 km long, access-controlled Delhi-Meerut Expressway (DME). There is an existing ROB of 
width 23 m & 60o skew to the main expressway alignment. To provide additional lanes of 
expressway, new bridges are constructed on the left and right sides of existing ROB. Existing ROB 
will serve as the carriageway for DME leading to sustainability by utilizing the existing resources. 
The ROB comprises four new carriageways with three long spans consisting of 115 m steel truss, 
74,410 m (61,574o skew) & 66,375 m (58,352o skew) SCC superstructures. This ROB has achieved 
various milestones such as Launching of 76 m long steel girder assembly, the fabrication & 
launching of 115 m long steel truss and the construction of 50 m wide portal frame type 
substructures in an exceptionally high skew angle of around 60o. 

Keywords: DME; ROB; Existing Railway Tracks; Steel Truss (Pratt-type); Steel Concrete Composite 
(SCC); Profile Sheet; HSFG Bolts; Sustainability; Planning, Design & Construction. 

1 Introduction 
Rail and Road transport in India are the principal 
mode of conveyance for people as well as goods 
and plays an important role in the development of 
industries and agriculture in the country. Indian 
Railway is the 4th  largest railway system in the 
world, with a total route length of approximately 
68,103 km. The Road network in India is 
approximately 59,00,000 km and is 2nd  largest road 
network in the world after the United States of 
America. Whenever new highway or expressway is 
constructed, they often cross the rail track at one 
or more places and necessitating the construction 
of a Rail Over Bridge (ROB). In India,  Steel Concrete 
Composite or Steel structures such as Trusses, Bow 
String are extensively used for ROB structures. 
Being Costlier than RCC & PSC, Structural Steel have 
its independent advantages such as: 

a). Steel is a highly durable/tensile metal. It can 
withstand a considerable amount of external 
pressure with a good load carrying capacity. Steel 

structures weigh 60% lesser than concrete. Hence, 
steel structures are earthquake resistant.  

b). The construction process is faster with steel 
structures as they are easy to fabricate (off-site by 
professional steel fabricators and then assembled, 
disassembled and replaced at the site), transport, 
erect & mass produce. This contributes to faster 
project completion.  

c). Steel structures are an eco-friendly option as 
are easily recyclable with a good scrap value & 
versatility.  

This paper deals with the planning, design and 
construction engineering of the ROB which was 
constructed by NHAI adjacent to the existing ROB 
between Ghaziabad & Maripat Railway Station on 
NH-24 at km. 20+213. This ROB is the part of the 
DME corridor. The ROB have several unique 
features, most notable amongst them is the 
fabrication & launching of 115 m long steel truss 
weighing around 2300 t and the launching of 76 m 
long steel girder assembly weighing around 215 t. 
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Optimal Solution for shallow tunnel at Dwarka expressway

 

“Shallow Tunnel”.



https://doi.org/10.2749/newdelhi.2023.1058 Distributed by 

1058

Comparative Study of the Statistical Methods of Fragility Curve 
Generation
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VULNERABILITY ASSESSMENT OF MRT 205:1994 BUILDING and formulated a program of “Minimum 
Difference Method” using python. This study shows the reliability of “Minimum Difference Method” 



 
Fragile means “easily broken” and Fragility means 
the “tendency of getting broken”. Fragility Curve 

The objective of this paper is to “Compare the 

”

• 
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An Evaluation of Human Bouncing Force Excitation

of people in which the person’s

 

movement of people in which the person’s feet do 

to the audience’s rhythmic bouncing 

behavior subjected to people’s bouncing forces 

was close to the platform’s natural frequency 

α
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The smart FRP panel for bridge redecking – development and 
experimental validation of “panel – panel” and “panel – girder” 
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Digital Initiatives (BIM, Artificial Intelligence, 3D Printing) 

Integration of BrIM in Bridge Management - Enhanced Predictive 
Functionality 

 

. Most of the current BMS’s are based on 2D 
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Abstract 
Concept of service-life is elaborated at the outset in the realm of life of structure, which includes 
terminologies such as, intended design life and physical life etc. Implication of service life and 
consequent repair frequency on life cycle performance of structure is highlighted. Annual bio-
capacity (BC) of the earth although has been increasing, but at a much slower rate than annual global 
ecological foot print (EFP) of human consumption. As a result human being, as a species, has been 
consuming the reserved resources available in the mother earth at a faster rate. Hence at current 
consumption rate human needs more than one earth annually to sustain itself, thus throwing serious 
challenges to future generations on their sustenance. Contribution of concrete in structure to EFP 
during its life includes the land, i.e., crop land the structure occupies, forest land used up for mining 
the raw material and fossil fuel for energy and the land attributed to carbon foot print etc. The structure 
would contribute to EFP of construction year(s) and later, on recurring basis during repair whenever 
undertaken. Service-life implies repair age, hence contributes to recurring EPF, thus to sustainability. 
Satisfactory functional performance throughout intended design life of structure without repair or 
with less frequent repair may need higher effort during construction but shall lessen the overall life 
cycle EFP. The importance of life cycle analysis in this context is highlighted. Taking the issue 
forward, in the tropical climatic condition of Indian subcontinent with marine environment of long 
coastline and varying rainfall induced wetting and drying, an approach to service life estimation is 
presented for sustainability at the and conclusions are summarised.           
Keywords: service life, concrete, sustainability, ecological foot print, bio-capacity, 
 

 

1 Introduction 
Serviceability limit states are important concerns 
for structures like bridges and buildings, in addition 
to limit state of collapse. Repair and rehabilitation 
can often take care of serviceability limit failures 
without complete replacement or reconstruction 
of structures. Repair and rehabilitation may be 
undertaken several times during the period when 
structure remains functional. Each time when such 
an exercise is undertaken, there is consumption of 
resources and generation of wastes. Both 
consumption and waste generation leave a foot 

print on ecology, i.e., repair and rehabilitation for 
maintaining functionality of structures leaves an 
ecological foot print (EFP). The earth has a fixed 
bio-capacity (BC), bounded by fixed surface area 
comprising of land mass plus oceans and annual 
energy budget it receives from the sun. There is a 
natural annual balance of energy with net zero 
deficit and surplus [1]. Maintaining this balance is a 
necessity for mankind to avoid detrimental 
consequences. In this article concepts of life of 
structure are elaborated in the next section, with 
the focus on service life of structures. Sustainability 
is linked to ratio of EFP to BC, and this linkage is 
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Abstract 
This study concerns the application of a water-saving cement additive that can appreciably better the 
hardened properties of a cured product of a cementitious composition over a long time period. This 
advanced cement additive is a Nanotechnology based advanced material also known as Nano Materials at 
varying dosages by weight of ordinary Portland cement (1 part by weight) in a dry mix with river sand 
constituting 3 parts by weight of cement. Nanomaterials are insoluble in water so it’s dissolved in a 
polymeric compound of Polycarboxylate Ether through ultrasonication.7.07cm cubes are cast with this 
mixture with water adjoined as per IS:4031 Standards under the fixed water/cement(w/c) at 0.4. After 
casting the cubes are cured at room temperature and they are tested for 3 Days, 7 Days, 28 Days, & 365 
Days for compressive strength. Not only the results when compared are found to be superior to that of the 
ordinary cement composite cubes but also were found to be much more economical when compared to 
Silica Fumed cement compositions. 

Keywords: Cement; Composite; Nano; Water 
 

1 Introduction 
Nanomaterials are possessors of unique 
nanostructures within the 1 to 100 nanometers 
range and were recognized as early as the late 
1800s. Doping of these nanomaterials within a 
cementitious composite matrix can provide 
advantageous properties to the cement 
composites which could not be achieved hitherto 
using the corresponding bulk materials. In light of 
the recent advances in Nanosciences, the use of 
nano additives has unlocked new vistas in the civil 
products industry. Moreover, the cementitious 
products industry is at present facing a 
tremendous challenge from a sustainability 
perspective due to the huge amount of carbon 

dioxide(CO2) emitted from cement plants[1].To 
reduce the amount of CO2, modern approaches 
prescribe the use of SCMs as has been advocated 
by Indian Standards like IS:456 & IS:10262. The 
most commonly used SCMs in concrete mixtures 
are fly ash (Type C, Type F), slag cement, and, to a 
lesser extent, silica fume though in a broader 
sense natural pozzolans & LC3 systems are also 
included [2]. These materials are by-products of 
various industries: Fly ash-burning coal in power 
plants; Slag cement-smelting iron ore; Silica fume-
alloying silicon or ferrosilicon. 

The better performance of SCMs is attributed due 
to their high specific areas & fineness leading to 
researchers’ search for more ultra-fine materials. 
Nanomaterials have their dimensions in the 1 to 
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ABSTRACT 
For decades, research has been carried out with a focus on concrete structures during curing to 
mitigate the risk of thermal cracking. Computer programs and aids/tools have also been developed 
to assess stress and cracking risk analysis of concrete structures during curing. However, today with 
the recent introduction of low-carbon concretes to reduce the environmental impact of 
constructions, the reliability of the tools and working procedures, i.e. concrete characterization, is 
questioned, and a roadmap for research and innovation is called for. The project's primary purpose 
is to investigate the need for research and innovation regarding upscaling the usage of low-carbon 
concrete. The nature of the study is based on an industry-focused workshop with specialists from 
Scandinavia. Increased knowledge of hardening concrete's cracking risk-related properties is of the 
utmost importance for the construction industry as the need for its understanding has recently 
increased. 
 
Keywords: Low-carbon concrete; Material design; Construction, Lab testing; Concrete crack control. 

Introduction 
The construction industry faces challenges with 
adopting low-carbon concrete (LC-concrete). 
Challenges that become obstacles to a fast 
development and implementation rate are so 
much needed for the industry to meet the climate 
goals of Society. The challenges need to be 
understood from a sector-wide perspective, and 
consensus regarding the needs, driving forces 
(carrots and sticks), and risks is paramount for 

finding a way forward. This study addresses these 
questions from an industry-wide and Scandinavian 
perspective. 

A brief background to the research and 
development on concrete structures during 
curing and risk of thermal cracking in Scandinavia 

The research area on concrete structures during 
curing and the risk of thermal cracking started in 
Sweden in the 1940s [1] by a project initiated by 
Vattenfall [2]. In the 60s and 70s, several projects 
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Structure as Symbolism: Pylons as Tools for Cultural Expression in the 
Asia-Pacific Region 

Poul Ove Jensen, Jesper Henriksen, Tine Holmboe, Catherine Merlo  
Dissing+Weitling, Copenhagen, Denmark  
 

Contact:jhe@dw.dk; cme@dw.dk 

 

Abstract 
In supporting both the deck and cable weight within suspension and cable-stayed bridges, the 
essential function of pylons provides architectural opportunity. Dissing+Weitling presents three 
case studies from China, the Philippines, and Australia to demonstrate how pylons can be 
transformed into design drivers of a bridge’s aesthetic symbolism.  

Recognizing the role infrastructure can play in engaging with local and indigenous user groups, this 
paper examines how design choices regarding colour, negative space, lighting design, and the 
physicality of pylons can reinforce cultural identity. In recognizing the symbolic potential of pylons 
– a structural necessity – mobility architecture can provide iconic, culturally responsive, and locally 
meaningful infrastructure.  

Keywords: pylon; cable-stayed; suspension; illumination; cultural heritage; cultural expression; 
indigenous stakeholders; social cohesion; placemaking  
 

1 Introduction 
Infrastructure is an investment in community. At its 
most reductive, a bridge is a safe crossing – and yet 
the potential for each individual infrastructure 
development to reflect and reinforce cultural 
values cannot be understated. Mobility 
architecture provides an opportunity to infuse 
infrastructure development with cultural 
iconography. Across scales and geographies, a 
bridge design can provide a physical and 
metaphorical platform of expression.  

The common thread within the wide variance of 
motivations for infrastructure developments is a 
specific, functional need. Key to understanding a 
project’s intended function is engagement with 
users – the local stakeholders who will be crossing 
over, building around, and living alongside a new 
structural intervention. While the level of 
stakeholder engagement and local user 

involvement may vary depending on the scale of a 
new development – it is the responsibility of the 
mobility architect to ensure these perspectives are 
considered and to the greatest extent possible 
incorporated into the aesthetic expression of the 
project together with the structural need.  

Key to achieving this is consideration of how 
structural necessities can expand in scope. This 
paper considers the role pylons can play in 
maximizing cultural responsiveness in 
infrastructure. In recognizing the architectural 
potential of pylons to broaden a bridge’s visual 
impact – a project’s overall aesthetic expression 
can directly engage with cultural iconography 
speaking to its community and most frequent 
users.  

1.1 Pylons As Design Driver  
Pylons are incredible tools for mobility architects to 
design culturally responsive infrastructure. They 
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Pacific region to embrace, reinforce, and expand 
cultural heritage.  

The Longmen Suspension Bridge sees 
monumental-sized H-Pylons embrace visual 
similarity with the traditional architectural form of 
a Chinese gate – a concept carried through into the 
coloration, detailing, and illumination plan. The 
Cebu-Cordova Link Expressway leverages the 
structural design of the pylon to create a 
waymarker. Embedding a cross within the bridge – 
while simultaneously placing and illuminating a 
cross spatially above Magellan’s in the sky – the 
CCLEX sees two landmarks coexisting within Cebu 
City. Swan River Causeway presents an argument 
for the power of co-creative design and centring 
the voices and priorities of indigenous 
stakeholders. In transforming the pylons and 
structural elements of the bridge into symbols with 
rich community meaning, the act of crossing is an 
experiential connection to the traditions of 
Whadjuk Noongar people.  

Pylons are the key to unlocking visual impact – and 
when combined with an aesthetic idea that centres 
local histories can be used as a tool for ensuring 
culturally responsive structures. Where 
engineering may view pylons as design parameters, 
architecture embraces them as design drivers. 
Together with clients, project stakeholders, and 
users – mobility architects can leverage the 
physicality of pylons and the centralizing role they 
play within the aesthetic expression of a bridge to 
ensure new infrastructure actively contributes to 
the cultural heritage of the built environment.  
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Indian Institution of Bridge Engineers (IIBE) for Sustainable 
Construction of Bridges 

Vinay Gupta 
Managing Director, Tandon Consultants Pvt Ltd, New Delhi, India  
 
Contact: vinayash88@gmail.com 

Abstract 
IIBE (Indian Institution of Bridge Engineers) has been proactive in the field of promoting 
sustainable bridge engineering for the past 33 years in India. In fact, IIBE is the only 
professional body dedicated to bridge engineering only. Among the various knowledge 
dissemination events, it has been organizing webinars, conferences, panel discussions, 
workshops, technical visits, etcetera. One of the annual flagship events of IIBE is BRIDGExxx 
(Year no). First one of its series was started in 2018 in Lucknow (BRIDGE 2018) with over 300 
participants. Later in Patna with over 400 participants in 2019 (BRIDGE 2020). In the years 
2020 and 2021, they were organized as webinars. In 2022, it was organized in Pune (BRIDGE 
2022) with about 300 participants. BRIDGE 2023 is held in Hyderabad. One of the main focuses 
is reduced construction time, reduced carbon footprint, conservation of natural resources, 
conservation of environment, etcetera all leading to sustainable construction of bridges.  

Keywords: knowledge dissemination, sustainability, carbon footprint, speedy construction 

1. Introduction 
We live in the world of finite resources. And a 
large quantity of infrastructure construction has 
to take place in the country for its development. 
Therefor the construction has to be economical, 
speedy, make use of alternative materials, 
incorporate advanced technologies, aesthetically 
pleasing, reduce carbon footprint & greenhouse 
effect, conserve our natural resources, energy 
efficient, etc. All these aspects require a common 
platform for knowledge sharing. In their isolated 
pockets, technocrats do a lot of research / 
innovation, but most of it does not reach the 
needy. Hence, IIBE provides this common 
knowledge sharing platform through 
conferences, seminars, lectures, exhibitions, etc. 

2. IIBE Promotes Bridge Engineering 
Leading to Sustainable 
Construction 

 

IIBE is the professional body dealing exclusively 
with bridges for promoting bridge engineering in 
the country. India being a large country needs 
variety of techniques to construct the large 
number of bridges. Established in 1989, IIBE has 
been organizing various conferences, seminars, 
exhibitions, lectures, panel discussions, etc.  It 
celebrated its Silver Jubilee in the 2014 wherein 
the Chief Guest was Honorable Minister Road 
Transport & Highways Shri Nitin Gadkari ji. In 
order to encourage bridge engineers involved in 
pioneering works, IIBE organizes award functions 
from time to time. Even during the Covid period, 
IIBE continued with the trend of knowledge 
dissemination through digital platform. Even the 
annual flagship events BRIDGE 2020 and BRIDGE 
2021 were held online which received excellent 
response from delegates, speakers, and 
sponsors. In other words, life never stops. These 
annual flagship events were started in the year 
2018, BRIDGE 2018 held in Lucknow, followed by 
BRIDGE 2019 in Patna. After BRIDGE 2020 online 
event, BRIDGE 2022 was held in Pune. And 
BRIDGE 2023 in Hyderabad. Figures 1 to 4 
indicate brief of the events: 
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With the government allocating ₹111 lakh crore 
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Design of Tall Railway Bridges in North Eastern States, India  

Sumantra Sengupta 
B&S Engineering Consultants Pvt. Ltd. 
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Abstract 
Northeast Frontier railway (NFR) intends to connect Manipur, Mizoram and Nagaland with rest part 
of India. The railway lines pass through eastern trail of Himalaya resulting construction of large 
number of tunnels and bridges. The entire area is under seismic zone V. The heights of the piers vary 
from 20m to 141m with maximum length of bridges 700m.  The configurations of the bridges were 
finalized taking into consideration of the parameters like span, location of the pier on the hill slope, 
constructability, maintainability, safety and economy. Multi modal analysis using site specific 
spectrum, spectrum compatible time history analysis and spatially varying time history analysis was 
performed to understand the behaviour of the structure under seismic and deformed shape of the 
continuous rail on the superstructure for safety of the train movement. Wind tunnel analysis was 
performed to understand the behaviour of bridge under wind force.  

Keywords: Tall piers, High seismic zone, Slope stability, Site specific spectrum, Spectrum compatible 
time history analysis, Pushover curve, Spatially varying time history analysis, Track movement, Wind 
tunnel test. 

1 Introduction 
Indian Railway intends to connect the capitals of 
the four North-East states, Manipur, Mizoram, 
Nagaland and Arunachal Pradesh with Assam by 
railway link. The work of Manipur and Mizoram and 
Nagaland has been started and the designs of 5 tall 
bridges in Manipur and 6 tall bridges in Mizoram 
are already complete and 3 tall bridges in Nagaland 
are in progress. Construction in Manipur is almost 
complete and the first stretch of 60km length has 
already opened to traffic in which the tallest bridge 
is having 100m height of pier. Construction in 
Mizoram and Manipur is progressing in full swing. 
The piers are being constructed using slip form 
technology and the superstructures are being 
launched by cantilever erection method. The 
length of railway line in Manipur is about 125km, 
that of Mizoram is about 60km and in Nagaland is 
about 80km which are under construction now. 
The alignments of the railway lines pass through 
steep rolling hills of Patkai region, eastern trail of 
Himalaya, and as a result large number of tunnels 

and bridges need to be designed and constructed. 
While the high mountains are penetrated by 
tunnel, the deep gorges between the mountain 
ridges are connected by tall bridges. The tallest of 
such bridges spans over a gorge at about 140m 
above its bed level with an overall length about 
700m at rail level.  With extensive study and 
discussion on possible alternative span 
arrangement of the bridges, considering the 
parameters like the length of span, type of span, 
location of the piers, constructability, 
maintainability, safety and economy it was finally 
decided that main superstructures would be steel 
open web through type girders of span up to 
103,5m (c./c bearing). The piers are of RCC hollow 
type with the tallest piers of 141m height. Other 
piers on the slope of the hills vary from 20m to 
120m height. The foundations were designed with 
1,5m diameter piles that penetrate into rock layers 
with maximum length of 30m. The critical issues of 
analysis and design involve preparation of site-
specific spectrum for seismic design of the bridge, 
spectrum compatible time history analysis and 
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3.10 Inspection, Maintenance, Illumination, 
Ventilation 

The inspection and maintenance of the structures 
are one of the most critical issues in design. For the 
inspection of the condition of the outside of the tall 
piers, rail arrangements at top of pier shafts for 
hanging inspection trolley have been envisaged. 
For inspection of the insides, steel ladder has been 
provided which are supported on steel platforms 
cantilevered out from the inner face of the pier 
walls and on the intermediate hollow diaphragms 
placed about 20m interval along the height. Doors 
at top and bottom of the pier shafts has been 
provided for entry to the pier shafts. For 
illumination electric power supply arrangement 
has been envisaged. Forced ventilation 
arrangement shall be considered during inspection 
operation. Adequate instrumentation schemes 
shall be applied for monitoring the deflection of the 
members of the structures. 

4 Conclusions 
The design of the bridges is critical in many respects 
due to the undulated terrain, tall and varying 
height of the piers, large length of the bridges, 
position of the piers on the hill slopes, the presence 
of severe-most earthquake zone and the high 
response acceleration spectrum of the particular 
site as obtained from the site-specific seismic 
vulnerability study. Tension bearings for 
transferring high seismic forces generated from the 
superstructure to the substructure and robust 
seismic arresters to prevent dislodgement of the 
superstructure during seismic made a special 
feature of the design. The construction 
methodology of the bridges, transportation of the 
materials particularly in view of the winding 
approaches, the limitation of the size of the 
fabricated steel chord of the superstructure and 
erection of the superstructure affect the design 
aspect. All the above issues have been taken in to 
consideration with due importance to each issue 
and an effort has been made to achieve safe and 
sound structures with optimum cost.  

5 Reference 
[1] Chopra, Anil K., (1995) “Dynamics of 

Structures” published by Prentice Hall 

[2] Park, R. & Paulay, T., (1975) “Reinforced 
Concrete Structures’, published by John 
Wiley and Sons 

[3] IS 1893 (Part 1): 2016 

[4] Seismic code for Earthquake Resistant 
design of Railway Bridges – 2020 

[5] Caltrans – 2013: Seismic design Criteria 

[6] Kent, D.C. and Park, R., (1971) “Flexural 
members with confined concrete”, Journal 
of Strctural Div. , ASCE, Vo. 97, ST7, July 
1971, pp 1969-1990 

[7] Mander, J.B., Priestly, M.J.N. & Park, R. 
(1988) “Theoretical stress-strain model for 
confined concrete”. Journal of structural 
Engg., 1988, 114(8) 1804-1826 

[8] Basu Dhiman, Rodda Gopala Krishnan, 
(2017), ‘Spatial variation and conditional 
simulation of seismic ground motion”, Bull 
Earthquake Eng 16:4399-4426 

[9] Karabalis, Cokkinides, Rizos & Mulliken, 
(1999), “Simulation of earthquake ground 
motion by a deterministic approach”, 
Advances in Engineering Software 31 (2000) 
329-338, ELSEVIER 

6 Acknowledgement 
The authors acknowledge the contribution made 
by various agencies that include 

• NF Railway Engineers 
• TAG formed with acknowledged 

experts 
• IIT, Guwahati who was responsible for 

proof checking 
• IIT, Kharagpur for site specific 

spectrum generation 
• IIT, Kanpur for Aerodynamic model 

analysis 

 

Residual Fatigue Strength Assessment & Rehabilitation of Rajendra 
Setu, Mokama, India-Case Study

–

 



https://doi.org/10.2749/newdelhi.2023.1303 Distributed by 

1303

 

 

 

 

 
 

 
 

 

 

 “
–

evision)” 

 “
–

evision)” 

Design and construction staging of a 300m steel bridge renovation
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Analysis, Research and Standardisation 

Seismic Isolation Design for Achieving Post-Earthquake Functionality

achieving “Collapse Prevention” within acceptable limits, at the expense of inflicting damage to 

 

procedures based on “ductility” concept have 

“collapse” so that human lives would be protected

world has remain unchanged; i.e. “Collapse 
Prevention”. The 2010 Mag. 8.8 earthquake in Chile 

accomplished the basic objective of “Collapse 
Prevention” as only 22 buildings collapsed amongst 

from “Collapse Prevention” to “Damage 
Prevention”. The world of automotive industry has 
already started shifting from “Occupant Safety” to 
“Collision Prevention” with the integration of smart 
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Constructing for post-earthquake functionality 
according to the SIS is a proven, practical, and 
economical alternative to designing and 
constructing ductile structures for only collapse 
avoidance.    
Seismic isolation was invented to minimize 
earthquake damage for maintaining post-
earthquake functionality. The seismic 
performance for achieving functionality is a 
result of the design criteria and the isolator 
standard implemented. Just using an isolator 
does not automatically achieve functionality. 
The proven performance of isolated structures 
designed in accordance with the Seismic 
Isolation Standard demonstrates the importance 
of the design criteria and isolator standard for 
maintaining post-earthquake functionality. 
From the seismic performance of some isolated 
structures worldwide, it appears that either 
intentional or honest mistakes can happen at 
various points in the design or construction 
process—and they aren’t revealed unless 
something like a massive earthquake comes 
along. The February 6th Magnitudes 7+ 
earthquakes have clearly shown that seismic 
isolation when implemented correctly can 
maintain post-earthquake functionality for 
saving human lives. The Adana Hospital 
performed as designed and as expected 
remained fully functional and treated thousands 
of people injured during the recent Turkey 
earthquakes. 
Structural engineers are society’s guardians for 
minimizing earthquake deaths, loss of use, and 
economic losses. As a profession we need to go 
beyond providing designs for minimum cost for 
minimum code compliance, and protect our 
clients and society by minimizing earthquake 
damage and deaths.  Implementing 
functionality designs with seismic isolation not 
only achieves owner’s expectations, but also 
satisfies our professional and social 
responsibilities. 
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Image analysis of concrete surface for investigating the influence of 
aggregate distribution and load induced damage on the chloride 
permeability of concrete measured using RCPT (ASTM C1202) 

 

in the corrosion initiation. Chloride’s concentration 

concentration gradient. Fick’s law describes the 
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Sustainable and Green Construction Technologies in India

Sanjay Kumar Nirmal 

 

 

to India’s greenhouse gas (GHG) emissions and is 
responsible for 14 percent of India’s total 
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Special Session: New Indian Guidelines on Cable-Stayed Bridges 

 and Extradosed Bridges 

A new IRC Guideline for Design, Construction and Maintenance of 
Extradosed Bridges in India 
 
Alok Bhowmick 
Managing Director, B&S Engineering Consultants Pvt. Ltd, Noida (U.P), India 
 
Contact:bsec.ab@gmail.com 

 

Abstract 
Initiated by the Indian Roads Congress (IRC), the official body that is responsible for developing 
standards and codes for Roads and Bridges in India and an institution which represents the think-
tank on the subject, IRC constituted a body of experts under the aegis of the B-9 Committee 
'Specialised Bridge Structure including Sea-Link', to formulate a guideline for the design, 
construction, and maintenance of extradosed bridges.  Currently, there are more than 30 
extradosed bridges existing or under construction in India. Many more are in the pipeline, in bidding 
stage. This paper highlights the salient features of the provisions in the guideline that is recently 
published by IRC. 

Keywords: Extradosed Bridges, Stay Cables, Pylon, deck, Anchorage, fatigue, corrosion protection. 
 

1 Introduction 
The extradosed bridge form is eminently suited to 
spans in the range of 100m to 250m. This is a span 
range, which is too long for girder bridges and too 
short for cable-stayed bridges, to be cost-effective. 
Currently, the longest span extradosed bridge in 
the world is the Wuhu Yangtze River Bridge located 
in China, which was completed in the year 2000. 
The main span length of this bridge is 312 m. In 
India, the maximum individual span length 
achieved to date is 234m for an extradosed bridge 
over Durgam Chevuru lake, Hyderabad. India holds 
the record for the world’s longest multi-span 
extradosed bridge, which is a bridge over river 
Ganga at Bihar. The length of the navigable portion 
of this mighty river, which is covered by extradosed 
spans is 1920m. 

The concept of an extradosed bridge (EDB) dates 
back to 1988, when Jaques Mathivat, a French 
engineer presented the concept by taking the 
external tendons outside the structural depth of 

the deck to take benefit of the increased lever arm. 
Since then, this structural type has been evolved 
and used worldwide. The first extradosed bridge 
was the Odawara Blueway Bridge, completed in 
Japan in 1994. Today there are more than 200 
bridges of this type around the world. In India, the 
first extradosed bridge came into existence in 
2006, which was a river bridge at Coorg, Karnataka 
(Span arrangement 28m+56m+28m). This was 
closely followed by another ROB at Pragati Maidan 
for Delhi Metro, (Span Arrangement: 
24.7m+31.25m+93m+24.8m+22.6m). Since then, 
nearly 30 bridges are constructed/are under 
construction, with this concept. 

Extradosed bridges are often described as mix of a 
conventional prestressed concrete girder bridge 
and a traditional cable-stayed bridge because most 
extradosed bridges are built to combine a 
prestressed concrete superstructure with stay-
cable technologies. However, this simple definition 
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4 Conclusions  

The proposed guideline in the making on EDBs is 
going to be a useful document in the toolbox of 
Bridge Engineers since it is going to provide a 
rational method for the design of extradosed 
bridges.  While the authors and the Committee 
recognize that standards alone do not eliminate all 
problems associated with design and construction, 
this standard is intended to provide minimum 
criteria for safety and performance.  
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Fig. 16 : Various possible detail of Extradosed Cable 
Connection at Deck Level (Source : VSL Catalogue) 
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Abstract 
The Indian Roads Congress (IRC), the official body that is responsible for Roads and Bridges in the country 
and represents the think tank on the subject, constituted a body of experts to formulate Guidelines for 
the design and construction of Cable-Stayed Bridges. This paper summarizes the contents of the 
Guidelines. Currently, there are some 38 Cable-Stayed Bridges existing or under construction in India and 
most of them feature in one way or the other in the Guidelines. Brief details of these bridges appear in 
the Appendix of the Guidelines. 
 
Keywords: Cable-Stayed bridges, deck, pylon (tower), stay cables, aerodynamic, seismic, design, 
construction technology. 
 
 
1. INTRODUCTION 

The Indian Roads Congress (IRC), the official 
body that is responsible for formulating codes of 
practice for Roads and Bridges in the country, 
constituted a team of experts to make new 
guidelines for Cable-Stayed Bridges. The work 
covered various aspects of design, construction 
and maintenance, and was carried out under the 
overall supervision of the B9 Committee dealing 
with Special Bridges and is currently in print.  
 
This paper gives an overview of the contents of 
the Guidelines. As on date, there are some 38 
Cable-Stayed Bridges existing or under 
construction in India and many of them feature 
in one way or the other in the Guidelines. Brief 
details of these bridges appear in the Appendix 
of the Guidelines. 
 
2. SCOPE 

The Cable-Stayed Bridges are well suited for 
span range of 200m to 1200m (main span) from 
the economical point of view. However, 
examples of small to medium spans in the range 
of 27m to 150m also exist [1]. 
 
The scope of the Guidelines shall be applicable 
for cable stayed bridges with maximum main 

span lengths as follows: 
Concrete…….…………………………………….upto 350m 
Composite Steel-Concrete and Steel...upto 500m, 
 
The Design Life of the Cable-Stayed Bridges will 
be taken as 100 years to be in sync with other 
current IRC codes. However, in case it is desired 
to have a longer design life, additional 
considerations come into play, which relate to 
durability, waterway discharge (and scour), 
seismic effects, and wind effects. 
 
The structural concepts have been explained 
through bridges that were constructed in India. 
For engineers in India, this is important, so that 
a proper understanding of the bridges within the 
country can be gained in terms of their structural 
action. 
 
The Guidelines consist of 15 Chapters and 7 
Annexures as indicated in the 
Acknowledgements at the end of this paper. 
 
3. DESIGN ASPECTS 

Figure 1 illustrates the comparative structural 
arrangements of typical 3-span Girder Bridges, 
Extradosed Bridges and Cable Stayed Bridges. 
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Abstract 
IRC Guidelines on planning, design and construction for Extradosed and Cable stayed bridges are 
highlighted in separate papers entitled, “The New IRC Guidelines for Cable Stayed Bridges in India” 
by Mahesh Tandon[1] and “A new IRC Guideline for Design, Construction and Maintenance of 
Extradosed Bridges in India“ by Alok Bhowmick[2]. This paper brings out the salient features 
contained in the chapters related to wind loads and effects as well as seismic forces for the design 
of these two types of cable supported bridges.    

  

1 Introduction 
Seismic and wind loads are caused due to natural 
phenomenon, and can be called occasional loads 
whose rational assessment is a challenge even for 
simple structures due to their inherent 
randomness. Variabilities of the supporting ground 
condition add to the challenge as far as seismicity 
is concerned, and likewise the topography and 
environment in the vicinity of a structure adds to 
the complexities of wind. Assessment of the 
response particularly of complex and wind-
sensitive structures of the kind being addressed 
adds to the overall challenge in the design process. 
Responses of cable bridges to seismic forces are 
somewhat simpler compared to those caused by 

wind, and the latter have required some 
explanation. Furthermore, there are some basics, 
such as dynamic properties and some of the 
conceptual design issues which have much 
similarity. 

Wind being a dynamic phenomenon evokes a 
dynamic response from any structure obstructing 
its flow. The degree of dynamics however varies. 
For stocky structures the dynamic component of 
response is low enough to be neglected and a 
quasi-static approach can be adopted for their 
design. However, as structure spans, heights, and 
thus flexibility increase, in most cases their wind-
sensitivity gets enhanced too. The dynamic effects 
become more important for consideration in 
design. It follows therefore that as one moves from 
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Construction aspects of cable stayed and extradosed bridges in new 
Indian guidelines

Extradosed Bridges pertaining to ‘Design, Construction and Maintenance’ aspects. As on date, ther
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bridge structure, it’s important to consider the life
cycle costs associated with the bridge’s expansion 
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Abstract 
Government of Mauritius (GoM) intends to provide a world class, sustainable public 
transport solution in the form of light rail system and associated works, to serve commuters 
travelling from the Curepipe to Port Louis. The corridor from Curepipe to Port Louis serves as one 
of the fastest growing areas in Mauritius and that will be of increasing importance to the country's 
future economic development strategy and prosperity. To enhance the economic development, 
urban sustainability, social amenity, and desirability of the area, it is imperial to improve upon the 
public transportation provision, connectivity, and accessibility, to reduce traffic congestion and 
to provide a mode shift from private to public transportation use. 

Keywords: Precast post tensioned girder, box girder, in-situ, semi integral, flyover, light rail. 
 

1 Introduction 
Two significant and landmark structures were 
designed and constructed as part of Mauritius 
Metro Light Rail Project. One of them is 
Curepipe flyover, which is in the Curepipe 
town also known as La Ville-Lumière 
(The City of Light) and second one is Caudan 
flyover, which is gate way to city of Port Louis 
(Capital of Mauritius). Part of these two 
flyovers were designed as semi-integral 
structures considering the curvature, 
maintenance and sustainability aspects taking 
100 years design life and notable wind loads on 
the structure. Due to 62m curve radius at 
Curepipe flyover, 2 span continuous box girder 
spans between piers STP-P1-P2 and P2-PP3-
P4 were designed with cast in-situ post-
tensioned PSC box girder with S-Shape curve 

arrangement. Due to 42 & 51 degree skew 
angle at Caudan flyover pier P10 & P11 three-
span semi integral structure (P9-P12) consists 
of precast post-tensioned PSC I-Girder with 
curve radius 340m having 4 I-Girder 
arrangement were designed.  

Semi integral structural arrangement added 
more value in terms of reducing maintenance 
cost, economical construction, elimination of 
bearings and expansion joints and increased 
overall sustainability of the structural 
arrangement with sharp radius at these 
locations. Figure 1 and 2 shows the site views 
of Curepipe and Caudan flyovers respectively 
prior to start of construction works at site.  
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3.7 Discussion, Conclusions and 
Acknowledgements 

Figure 16 and 17 shows the completed views of 
Curepipe and Caudan flyovers respectively 
during operational stage. The paper highlights 
the requirement and importance of adopting 
semi-integral structural system against 
conventional structural arrangement 
considering skew angle and sharp curve radius. 

 

 

Significant design optimisation was achieved 
considering high wind load. Wind load is 
significant in Mauritius as it is in tropical region 
of Indian Ocean.  

4 Conclusions 
From above analysis it was concluded that for high 
skew and smaller radius curve semi-integral 
construction is best and optimum solution 
compared to conventional structural system. 

Figure 16. Completed View of Curepipe Flyover and Elevated Station 
 

Figure 17. Completed View of Caudan Flyover 
 

Figure 17. Completed View of Caudan Flyover 
 

Evaluation of longitudinal forces on substructure of railway bridges 
due to increased axle loading and speed through full scale field 
investigations 
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 T. Plachý, M. Polák, and P. Ryjáček, 
“Assessment of an Old Steel Railway 
Bridge Using Dynamic Tests.,” Procedia 
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Condition Assessment and measures to Repair and Retrofit Baghajatin 
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1D CONSOLIDATION OF SOIL AT SUMARI UTTARAKHAND 
CONSIDERING VARIABLE COMPRESSIBILITY

derivation of Terzaghi’s theory, the application of this theory in many practical 

𝐶𝐶𝑣𝑣
one of the major limitations in Terzaghi’s theory. In this paper, soil sample from the village Sumari 

𝐶𝐶𝑛𝑛 𝛼𝛼
𝐶𝐶𝑣𝑣

𝐶𝐶𝑣𝑣

 

characteristics of soil and Terzaghi’s linear theory is 

𝑒𝑒 − log 𝜎𝜎′ 

𝐶𝐶𝑣𝑣

𝐼𝐼𝑠𝑠
𝐶𝐶𝑣𝑣
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Design and Construction Challenges Extradosed Bridge over River
Hatania Doania in West Bengal

 

 

 

Figure 1 
shows the location map of the bridge.
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Abstract 
 Textile-reinforced concrete (TRC) is novel high performance composite material blooming 
in the 21st century globally. It can be used as not only strengthening material but as a structural 
load bearing component. This paper aims to investigate the flexural behaviour of carbon textile-
reinforced concrete (CTRC) panel through four-point bending test. Optimising the mix using 
particle packaging for the TRC with grade of mix as M50 using binders were used for the study. 
Flexural strength and toughness were observed to improve with the increase of the number of 
textile layers. The textiles were manually prestressed the first-crack flexural stress and pre-
cracking flexural stiffness of the CTRC. The results highlight that the behaviour of carbon textile 
reinforcement under pure flexure performs well with flexural cracks forming only at the pure 
bending zone. The flexural behaviour of only 4-layer textiles were limited to this study 
considering the over reinforced design criteria. Further, the performance can be enhanced while 
optimising the no of layers of textiles(i.e.) the minimum textile reinforcement percentage 
required in further research. 

Keywords: Carbon Textile Reinforced Concrete (CTRC), flexural behaviour, TRC, fine-grained 
cementitious matrix. 
 

1 Introduction 
The growing interest in cost-effective solutions 
for the structural components has gradually 
oriented research towards the optimisation of 
high-performance cement based composited 
originally conceived for new lightweight 
constructions. Textile reinforced concrete (TRC) 
[1-3] describes high performance, cementitious 
composites containing wo or three-dimensional 
fabrics made of carbon or alkali resistant glass 
[4,5]. Their quasi-static tensile behaviour is 
marked by an extensive strain hardening phase, 
during which multiple controlled cracking 

develops in the fine-grained concrete matrix. 
TRCs high tensile ductility, strength and stiffness 
enables their applications as thin, slender 
structural sections. The resistance to corrosion 
of the textiles permits reduced concrete covers 
and structural depths and supersedes additional 
protective polymer layers [6,7]. The higher 
tensile strength of reinforcement fibres such as 
carbon. Compared to typical steel allows for 
further optimisation of cross-sectional designs. 
With smart use of these materials, large resource 
savings can be realised in specific areas of 
concrete construction [8,9]. However, successful 
dissemination of TRC in practice depends on the 
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Effect of Vertical Irregularities on Buildings in Different Seismic Zones 
of India
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Abstract 
In the present study, the behaviour of setback buildings under seismic excitation is analysed using 
Finite element (FE) method using SAP2000. A model of G+9 storey RC building was considered with 
setbacks at different floor levels to introduce the vertical irregularities. Three different 
configurations of the building models, with varying setbacks, are analysed using different methods 
– 1) Response Spectrum Method (linear dynamic) as per IS 1893:2016 (Part-I), 2) Push over Analysis 
(non-linear static) using FEMA 356 and 3) Time History Analysis (non-linear dynamic). The response 
such as base shear, storey displacement, Angle of incidence, Time period, Column and beam 
moments are analysed in both X and Y directions and compared with the regular model. Effect of 
irregularities caused due to variation in plan and setbacks, on the response have been discussed, 
which governs the seismic vulnerability of setback RC buildings.   

 

Keywords: Setback, ground motion, Response spectrum, Pushover, Vertical Irregularity, Target 
displacement, Time history analysis 

 

1 Introduction 
The need for extensive building construction in 
metropolitan regions has increased due to rising 
population and urbanization. The expansion of 
Reinforced Concrete (RC) building construction has 
constraints in horizontal direction due to the 
limited land availability. To manage for the same, 
constructors and designers are looking for the 
vertical expansion of the multi-storey buildings. 
Various types of vertical irregularities are provided 
for the aesthetic consideration or setback due to 
space requirement at a particular floor level. These 

building, having irregularities, are susceptible to 
severe damages in earthquake prone areas leading 
to the substantial loss of economy and resources. 

                               The  behaviour of multi-storey 
framed buildings during strong earthquake 
motions depends on the distribution of mass, 
stiffness, and strength in both the horizontal and 
vertical planes of buildings. In some cases, these 
weaknesses may be created by discontinuities in 
stiffness, strength or mass between adjacent 
storeys. Such discontinuities between storeys are 
often associated with sudden variations in the 
frame geometry along the height. In setback 



https://doi.org/10.2749/newdelhi.2023.1585 Distributed by 

1585

Is Nonlinear Analysis Becoming a Standard Tool for Design and 
Assessment of Reinforced Concrete Structures?

Č ří š
Červenka Consulting s.r.o. Prague

 

 

 

References 

 
1. Moehle, J.P. and Alarcon,L.F., “Seismic Analysis 

Methods for Irregular Buildings” Journal of 
Structural Engineering, 112(1) 1986, 35-52 

2. Wong, C.M. and Tso, W.K., “Seismic loading for 
buildings with setbacks” Canadian Journal of Civil 
Engineering, 21(5) 1994, 863-871 

3. Romão, X., Costa, A., Delgado, R., “Seismic 
Behaviour of Reinforced Concrete Frames With 
Setbacks” 13th World Conference on Earthquake 
Engineering Vancouver, Canada  2004, 2443 

4. Lavan, O., and Wilkinson, P. J., “Efficient Seismic 
Design of 3D Asymmetric and Setback RC Frame 
Buildings for Drift and Strain Limitation” ,Journal 
of Structural Engineering Online Publication, 2016 

5. Patil, A.S., Kumbhar, P.D.,(2013),”Time History 
analysis of Multi-storeyed RCC buildings for 
different seismic intensities”, International journal of 

structural and civil engineering Research 
,2(3)2013,194-201 

6. Chandler, A.M. and Mendis, P.A., “Performance of 
Reinforced Concrete Frames Using Force and 
displacement Based Seismic Assessment Methods”. 
Engineering Structures. 22(2000), 352-363. 

7. IS 1893 (Part-I) 2002: “Criteria for Earthquake 
Resistant Design of Structures”, Part-I General 
Provisions and Buildings, Fifth Revision, Bureau of 
Indian Standards, New Delhi   

8. Bureau of Indian Standards (1987) Code of Practice 
for Design Loads (Other Than Earthquake) For 
Buildings and Structures. Part 2: Imposed Loads 
(Second Revision). UDC 624.042.3: 006.76.   

9. Earthquake Resistance Design of Structures, -
Dr.S.K.Duggal.  

10. Dynamics of structure theory and applications to 
Earthquake Engineering- Anil K. Chopra. 

11. T. K. Datta, “Seismic Analysis of Structures”, Wiley 
Publications

 



https://doi.org/10.2749/newdelhi.2023.1594 Distributed by 

1594

Innovative Solution to Urban Infrastructure: Special Solution to 
Conventional Structure Planning

 

 



https://doi.org/10.2749/newdelhi.2023.1603 Distributed by 

1603

 

 

—
—

 
 

 

 

 

 

 

 

A roadmap for implementing integrated asset management for 
sustainable water Infrastructure in India

 



https://doi.org/10.2749/newdelhi.2023.1612 Distributed by 

1612
 

 

University “Pol hnic” of Timisoara, Romania
 

 

the

–

socecoenv SSSSI ++=

envi,

R
envi,

n

1i
ienv P

P
αS = 

= ecoi,

R
ecoi,

n

1i
ieco P

P
βS = 

=

soci,

R
soci,

n

1i
isoc P

P
γS = 

=



https://doi.org/10.2749/newdelhi.2023.1618 Distributed by 

1618

A sustainable roadmap for affordable housing in India. A benchmarking 
approach to achieve the SDGs

 



https://doi.org/10.2749/newdelhi.2023.1626 Distributed by 

1626

 

 
Now a day’s about 60% of freight and 87% of 

 

Also the concrete’s white surface reduces the 



https://doi.org/10.2749/newdelhi.2023.1636 Distributed by 

1636

Effects of Moisture Ingression In Building Envelope Through Moisture 
Index (MI) And Wind Driven Rain Index (WDRI)

 



https://doi.org/10.2749/newdelhi.2023.1645 Distributed by 

1645

 

Session-35 

Sustainability in Built Environment 

Protecting Reinforced Concrete Structures with Thermal Sprayed Zinc 
Anodes

 



https://doi.org/10.2749/newdelhi.2023.1652 Distributed by 

1652

Continuous Galvanized Rebar for Corrosion control in RCC structures

–

–



1657
493 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

IABSE Congress Reports  

 

 

 

 
IABSE REPORTS 

 
AVAILABLE IN PRINT (selected copies) and ONLINE: 
https://www.iabse.org/Onlineshop 

 
Vol. 119 Long Span Bridges, Istanbul 2023 

Vol. 118 Challenges for Existing and Oncoming Structures, Prague 2022 

Vol. 117 Risk Intelligence of Infrastructures, Seoul 2020 

Vol. 116 Synergy of Culture and Civil Engineering – History and Challenges, Wroclaw, Poland 2020 

Vol. 115 The Evolving Metropolis, New York 2019 

Vol. 114 Towards a Resilient Built Environment, Asset and Risk Management, Guimaraes 2019 

Vol. 113 Young Engineers Colloquium, Shanghai 2018 

Vol. 112 Tomorrow’s Megastructures, Nantes 2018 
 

Vol.111 Engineering the Past, to Meet the Needs of the Future, Copenhagen 2018 

Vol. 110 Engineering the Developing World, IABSE Symposium, Kuala Lumpur 2018 

Vol. 109 Engineering the Future, IABSE Symposium, Vancouver 2017 

Vol. 108 Creativity and Collaboration, IABSE Conference, Bath 2017 
 

Vol. 107 Ignorance, Uncertainty, and Human Errors in Structural Engineering, Helsinki 2017 

Vol. 106 Bridges and Structures Sustainability —Seeking Intelligent Solutions, Guangzhou 2016 

Vol. 105 Structural Engineering, Providing Solution to Challenges, Geneva 2015 

Vol. 104 Elegance in Structures, IABSE Conference, Nara 2015 
 

Vol. 103 Safety, Robustness and Condition Assessment of Structures, IABSE Workshop, Helsinki 2015 

Vol. 102 Engineering for Progress, Nature and People, IABSE Symposium, Madrid 2014 

Vol. 101 Long Span Bridges and Roofs – Development, Design and Implementation, IABSE Symposium, 
Kolkata 2013 

 
Vol. 100 Safety, Failures and Robustness of Large Structures, IABSE Workshop, Helsinki 2013 



1658
 

 

 

 
Vol. 99 Assessment, Upgrading and Refurbishment of Infrastructures, IABSE Conference, Rotterdam 2013 

 
Vol. 98 Global Thinking in Structural Engineering: Recent Achievements, IABSE Conference, Sharm El Sheikh 
2012 

 
Vol. 97 Large Structures and Infrastructures for Environmentally Constrained and Urbanised Areas, IABSE 
Symposium, Venice 2010 

 
Vol.96 Sustainable Infrastructure Environment Friendly, Safe and Resource Efficient, IABSE Symposium, 
Bangkok 2009 

 
Vol. 95 Recent Major Bridges, IABSE Workshop, Shanghai 2009 

 
Vol. 94 Information and Communication Technology (ICT) for Bridges, Buildings and Construction Practice 
IABSE Symposium, Helsinki 2008 

 
Vol. 93 Improving Infrastructure Worldwide Bringing People Closer, IABSE Symposium, Weimar 2007 

 
Vol. 92 Responding to Tomorrow’s Challenges in Structural Engineering, IASBE Symposium, Budapest 2006 

 
Vol. 91 Operation, Maintenance and Rehabilitation of Large Infrastructure Projects, Bridges and Tunnels 
IABSE Conference, Copenhagen 2006 

 
Vol. 90 Structures and Extreme Events, IABSE Symposium, Lisbon 2005 

 
Vol. 89 Role of Structural Engineers towards Reduction of Poverty, IABSE Conference, New Delhi 2005 

Vol. 88 Metropolitan Habitats and Infrastructure, IABSE Symposium, Shanghai 2004 

Vol.87 Structure for High-Speed Railway Transportation, IABSE Symposium, Antwerp 2003 
 

Vol. 86 Towards a Better Built Environment Innovation, Sustainability, Information Technology 
IABSE Symposium, Melbourne 2002 

Vol. 85 Innovative Wooden Structures and Bridges 

IABSE Conference, Lahti 2001 
Vol. 84 Cable-Supported Bridges Challenging Technical Limits, IABSE Conference, Seoul Korea 2001 

Vol. 83 Structures for the Future The Search for Quality, IABSE Conference, Rio de Janeiro 1999 

Vol. 81 Concrete Model Code for Asia Design, Materials and Construction, and Maintenance 
IABSE Colloquium, Phuket 1999 

 
Vol. 79 Long-Span and High-Rise Structures, IABSE Symposium, Kobe 1998 

 
Vol. 77 Saving Buildings in Central and Eastern Europe, IABSE Colloquium, Berlin 1998 

 
Vol. 76 Evaluation of Existing Steel and Composite Bridges, IABSE Workshop, Lausanne 1997 



1659
 

 

 

 
Vol. 99 Assessment, Upgrading and Refurbishment of Infrastructures, IABSE Conference, Rotterdam 2013 

 
Vol. 98 Global Thinking in Structural Engineering: Recent Achievements, IABSE Conference, Sharm El Sheikh 
2012 

 
Vol. 97 Large Structures and Infrastructures for Environmentally Constrained and Urbanised Areas, IABSE 
Symposium, Venice 2010 

 
Vol.96 Sustainable Infrastructure Environment Friendly, Safe and Resource Efficient, IABSE Symposium, 
Bangkok 2009 

 
Vol. 95 Recent Major Bridges, IABSE Workshop, Shanghai 2009 

 
Vol. 94 Information and Communication Technology (ICT) for Bridges, Buildings and Construction Practice 
IABSE Symposium, Helsinki 2008 

 
Vol. 93 Improving Infrastructure Worldwide Bringing People Closer, IABSE Symposium, Weimar 2007 

 
Vol. 92 Responding to Tomorrow’s Challenges in Structural Engineering, IASBE Symposium, Budapest 2006 

 
Vol. 91 Operation, Maintenance and Rehabilitation of Large Infrastructure Projects, Bridges and Tunnels 
IABSE Conference, Copenhagen 2006 

 
Vol. 90 Structures and Extreme Events, IABSE Symposium, Lisbon 2005 

 
Vol. 89 Role of Structural Engineers towards Reduction of Poverty, IABSE Conference, New Delhi 2005 

Vol. 88 Metropolitan Habitats and Infrastructure, IABSE Symposium, Shanghai 2004 

Vol.87 Structure for High-Speed Railway Transportation, IABSE Symposium, Antwerp 2003 
 

Vol. 86 Towards a Better Built Environment Innovation, Sustainability, Information Technology 
IABSE Symposium, Melbourne 2002 

Vol. 85 Innovative Wooden Structures and Bridges 

IABSE Conference, Lahti 2001 
Vol. 84 Cable-Supported Bridges Challenging Technical Limits, IABSE Conference, Seoul Korea 2001 

Vol. 83 Structures for the Future The Search for Quality, IABSE Conference, Rio de Janeiro 1999 

Vol. 81 Concrete Model Code for Asia Design, Materials and Construction, and Maintenance 
IABSE Colloquium, Phuket 1999 

 
Vol. 79 Long-Span and High-Rise Structures, IABSE Symposium, Kobe 1998 

 
Vol. 77 Saving Buildings in Central and Eastern Europe, IABSE Colloquium, Berlin 1998 

 
Vol. 76 Evaluation of Existing Steel and Composite Bridges, IABSE Workshop, Lausanne 1997 

 

 

 

 
Vol. 73/1+2 Extending the Lifespan of Structures, IABSE Symposium, San Francisco 1995 

Vol. 72 Knowledge Support Systems in Civil Engineering, IABSE Colloquium, Bergamo 1995 

Vol. 71 Places of Assembly and Long-Span Building Structures, IABSE Symposium, Birmingham 1994 

Vol. 70 Structural Preservation of the Architectural Heritage, IABSE Symposium, Rome 1993 

Vol. 69 Structural Serviceability of Buildings, IABSE Colloquium, Göteborg 1993 
 

Vol. 68 Knowledge-Based Systems in Civil Engineering, IABSE Colloquium, Beijing 1993 

Vol. 67 Remaining Structural Capacity, IABSE Colloquium, Copenhagen 1993 

Vol. 66 Length Effect on Fatigue of Wires and Strands, IABSE Workshop, Madrid 1992 

Vol. 65 Structural Eurocodes, IABSE Conference, Davos 1992 

Vol. 64 Bridges: Interaction between Construction Technology and Design, IABSE Symposium, St. 
Petersburg/Leningrad 1991 

 
Vol. 63 Interaction between Major Engineering Structures and the Marine Environment 
IABSE Colloquium, Nyborg 1991 

 
Vol. 62 Structural Concrete, IABSE Colloquium, Stuttgart 1991 

 
IABSE CONGRESS REPORTS 

 
23rd Congress Report, New Delhi 2023 
Engineering for Sustainable Development 

 
22nd Congress Report, Nanjing 2022 
Bridges and Structures: Connection, Integration and Harmonisation 

 
21st Congress Report, Ghent 2021 
Structural Engineering for Future Societal Needs 

 
20th Congress Report, Christchurch 2020 
Resilient Technologies  for Sustainable Infrastructures 

 
19th Congress Report, Stockholm 2016 
Challenges in Design and Construction of an Innovative and Sustainable Built Environment 

 
18th Congress Report, Seoul 2012 
Innovative Infrastructures - Toward Human Urbanism 

 
17th Congress Report, Chicago 2008 
Creating and Renewing Urban Structures Tall Buildings, Bridges and Infrastructure 



1660
 

 

 

 
16th Congress Report, Lucerne 2000 
Struct. Eng. for Meeting Urban Transportation Systems 

 
15th Congress Report, Copenhagen 1996 
Struct. Eng. in Consideration of Economy, Environment and Energy 

 
 
 




