
RELIABILITY OF REUSED BRIDGE STRUCTURES
AND THE IMPACT ON THE DESIGN FOR A GREEN
AND CIRCULAR ETERNITY

REBRIDGE





CONTENT

Executive Summary.....................................................4
Motivation................................................................... 7 
Project Vision.............................................................. 9
Objectives...................................................................11
Methodology............................................................... 13
Impact........................................................................ 15
Key Figures................................................................. 17
Project Partner............................................................ 18
References..................................................................20



Reusing structural components from existing steel and steel-concrete
composite bridges as components in new bridge and building
structures necessarily requires models for reliable structural designs,
which are developed as the key outcome of REBRIDGE. These
models are a prerequisite for implementation in engineering
practices. Successful case studies of the reuse of structural
components in building construction demonstrate that the reduction
of climate-relevant impacts can be reduced by more than half if
components are reused just once in a second life; the realisation of
‘Circular Eternity’ for both bridge and building structures will further
reduce this through infinite use-reuse cycles of the components. By
developing a fully Circular Eternity as a novel holistic concept of the
construction industry, the project facilitates the elimination of primary
resource consumption and waste production and enables the
reduction of climate-relevant carbon emission, thus making a
decisive contribution to climate-smart and future-oriented steel and
composite bridge construction. The advanced models for reclaimed
fatigue-stressed components based on the results of the first-of-its-
kind experimental investigations from the nano- to the macro-scale,
namely structural material level, notch detail level, and structural
material level, will markedly advance the scientific community in the
upcoming years in the field of the effects of pre-damage and repair
measures on the structural and fatigue performance of components.
The outcome of REBRIDGE will also give the entire industry a
significant boost and advance the market share in bridge
construction by enhancing the image of steel and composite
construction as a sustainable construction method. In this way, the
results of REBRIDGE also address society's overall demand for more
efforts towards climate change mitigation, sustainable buildings and
infrastructures, and a responsible approach to the environment. In
conclusion, REBRIDGE makes a broad impact on the scientific
community and construction industry in the field of steel and
composite construction, enables reusing reclaimed bridge
components as a new technology, and facilitates circular eternity as
a novel concept to address current and future societal demands and
environmental necessities.
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CO2 emissions from steel 
production amount to

1.5-3 Tonnes of CO2
Tonne of Steel

The construction industry 
accounts for 50% of global 
CO2e emissions.

1100 kg Iron ore, 
650 kg Coal,
55 kg Limestone and
90 % of Emissions

of RECYCELED
STEEL saves1TONNE

Direct REUSE OF
COMPONENTS FURTHER
REDUCES EMISSIONS by
a multiple factor!
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Along with the current global debate on climate protection, the construction industry is facing new
challenges. A significant contribution of the construction industry to the climate change mitigation
while simultaneously fulfilling society’s construction demand can only be achieved through the
realization of Circular Eternity and the related holistic consideration of reuse and recycling. Although
recycling of construction materials can reduce the carbon footprint of a structure, it still requires
additive energy, and at least minor emissions must be accepted. Thus, recycling alone will not be
adequate for becoming climate-neutral; structural reuse is essential, meaning that components are
reused in their entirety. However, structural reuse is still ambitious and currently limited to building
structures without fatigue loading.

This is where REBRIDGE comes in. The key objective of REBRIDGE is to transform the structural
design practice by reusing components of existing steel and steel-concrete composite bridges as new
bridge and building structures. By developing a fully Circular Eternity as a novel climate-smart and
future-oriented concept of the construction industry, the project aims to simultaneously address the
challenges posed by the imperative requirement to become carbon neutral in the short term and to
meet the still increasing construction needs in the medium and long term as a result of population
growth, urbanisation and the ageing infrastructure.
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REBRIDGE contributes to CIRCULAR ETERNITY in structural engi-
neering and a sustainable and future-oriented infrastructure by:

THE VISION OF REBRIDGE IS TO REUSE COMPONENTS FROM EXISTING BRIDGES IN NEW

BRIDGES AND/OR BUILDING STRUCTURES, THEREBY DEVELOPING A CIRCULAR ETERNITY AS A

NOVEL CONCEPT IN CONSTRUCTION. THE PROJECT AIMS TO ESTABLISH METHODS FOR A

RELIABLE DESIGN OF BRIDGES' RECLAIMED COMPONENTS, CONSIDERING IN-SITU

ASSESSMENTS, UNCERTAINTIES FROM FUZZY LOADING HISTORIES, DAMAGE FROM USE AND

DECONSTRUCTION AND THE IMPACT OF ANY REPAIR AND IMPROVEMENT MEASURES.
CONCEPTS AND RULES FOR THE DESIGN OF RECLAIMED COMPONENTS OF EXISTING BRIDGE

STRUCTURES FOR REUSE WILL BE DEVELOPED.
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1 exploring urban mining and the reusability of structural
components of existing steel and steel-concrete
composite bridges at a structural level in new bridge
and building structures and

developing the scientific background for the reliable
design of reused components from existing steel and
composite bridges, considering uncertainties from
previous use and the process of reuse
(deconstruction, repair measures, reconstruction, …)
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OBJECTIVES

REBRIDGE intends to...

identify “BEST-FIT” STRUCTURAL SOLUTIONS 
and develop DESIGN CRITERIA for structures with 
reclaimed bridge components

CHARACTERISE the reclaimed structural 
components & EVALUATE THE REUSABILITY

develop appropriate METHODS FOR 
DECONSTRUCTION and QUANTIFY THE IMPACT 
OF REPAIR AND RETROFITTING on reclaimed 
components
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develop STRUCTURAL & FRACTURE 
MECHANICS MODELS for the design of 
reclaimed bridge component

develop a methodology for the ASSESSMENT  OF 
SUSTAINABILITY AND FUTURE VIABILITY of 
reclaimed bridge components

promote URBAN MINING & provide a 
DIGITAL TOOL for inventory and demand 
evaluation of virtually stored components
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PROJECT AREA D “Sustainability assess-
ment” considers the holistic service life of bridge
construction components and Circular Eternity
(WP10). The outcome of the entire R&D within the
project will be evaluated through a Life Cycle
Assessment. A comprehensive methodology will be
developed for assessing the sustainability and
future viability of reclaimed steel and composite
bridge components. A digital tool will be provided
as a virtual storage of the reusable components
and their properties. It will merge inventory and
demand of the virtually stored components to
realise CO2e reduction as well as energy- and
cost-efficiency by means of short and easy
transportation (urban mining).

In PROJECT AREA B “Deconstruction &
Repair”, the procedure for handling the present
situation of components for reuse is addressed.
Appropriate methods for deconstruction as well as
measures for repair and improvement of the
components of existing bridge structures, will be
developed. Both the influences of the decon-
struction processes (WP4) and the impacts of
repair and improvement measures (WP5) on the
constitutive behaviour and the material properties
will be investigated. The resulting uncertainties will
be evaluated and quantified. Moreover, the
influence of deconstruction and repair measures
on the sustainability and Circular Eternity will be
investigated.

The REBRIDGE project starts with PROJECT

AREA A “Status Quo Characteristics” dealing
with the impacts of the past of the existing bridge
structure on the components’ reusability. Criteria
will be developed for categorising the components
in terms of their reusability in (i) a new bridge
structure, (ii) a new building structure not subject-
ted to fatigue loading, or (iii) for recycling only
(WP2). Moreover, destructive and non-destructive
testing techniques will be evaluated for the pur-
pose of characterisation of the material properties
and the structural components for reuse (WP3).

PROJECT AREA C “Reliable Reconstruction”
focuses on the challenges of reclaimed structural
components with respect to future applications in
new bridge structures or building structures. Based
on probabilistic prediction models, comprehensive
reliability analyses will be carried out (WP7). The
required probabilistic prediction models will be
developed for the fatigue strength as well as for the
design at the ultimate limit state of reused bridge
components. They will consider advanced struc-
tural and fracture mechanics models and will be
validated by both notch detail fatigue tests consi-
dering pre-damage as well as repair and improve-
ment measures and real-scale tests using test
specimens from the different case studies (real-
world bridge structures) for model confirmation
(WP6). The results of these experimental and theo-
retical analyses provide the scientific background
and basis for developing standard-compliant de-
sign models for reclaimed structural bridge compo-
nents for reuse (WP9).
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IMPACT
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INDUSTRY, 
INNOVATION, 

INFRASTRUCTURE

REBRIDGE

ORGANISE WORK-
SHOPS, COURSES & 
PROGRAMS FOR

STUDENTS & 
ENGINEERS TO

DISSEMINATE THE

PROJECT RESULTS

DEVELOP NEW DESIGN

CONCEPTS FOR BRIDGES

& BUILDINGS WITH

REUSED COMPONENTS

REALISE 'CIRCULAR

ETERNITY' FOR BRIDGE

STRUCTURES

ENABLE RESOURCE-
EFFICIENT CONSTRUCTION

& WASTE AVOIDANCE

REDUCE EMISSIONS & 
RESOURCE CONSUMPTION

THROUGH THE REUSE OF

BRIDGE COMPONENTS

REBRIDGE has an Impact 
on ENVIRONMENT and 
SOCIETY… 
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REBRIDGE innovations are directly aligned to several goals of the
Sustainable Development Goals of the UN [1], namely #4 Quality
Education, #9 Industry, Innovation and Infrastructure, #11
Sustainable Cities and Communities, #12 Responsible
Consumption and Production, and #13 Climate Action.
Moreover, the REBRIDGE’s outcome will make a marked
contribution within the steel and composite construction sector
towards the objective agreed under the Green Deal [2] to reduce
net greenhouse gas emissions in the European Union to zero by
2050. In addition, the results of the research project and their
implementation in engineering practice through dissemination,
training and standardisation contribute directly to sustainable and
climate-smart solutions to the global challenges and future
increase of construction demands caused by (i) population growth
(increase from 8.2 billion to 9.7 in 2050 and 10.3 in 2100) and
urbanisation (increase from 5 out of 10 today to 7 in 2050) and (ii)
ageing infrastructure, especially bridges in western industrialised
countries and (iii) the maintenance and expansion of mobility.
Mobility is a central basis for the competitiveness of Europe and
functioning transport routes and bridges are essential for the
member states of the European Union on the global market [3].
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