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Abstract

Bridges constructed during the depression of the 1930ties are now at the end of their lifetime. Similar to
Roosevelts “new deal” from this period, leading to creation of employment and wealth, EU is now
proposing a “new green deal” to reach climate neutrality. But how can the transformation of these bridges
be done to support such an agenda? The framework of understanding proposes uses a broader
sustainable transition framework integrating megaproject management concepts, circularity and science
technology and society (STS) concepts. Circularity in civil engineering and mega projects are still
somewhat underconceptualised. Here the Institution of Civil Engineers (ICE UK)-s concepts are used.
To this is added the notion of hierarchy of reuses, taken from EU concept of “hierarchy of waste”. The
contribution present analysis a specific case of a Danish bridge made in the 1930ties, the 3200 meters
long Storstremsbro. We analyse how the actual sustainable transition work is carried out at the old and
new bridge. Building further on a broader portfolio of Danish bridges built during the same period, we
propose a more sustainable transition. So far consultants have proposed to use the Building Research
Environment (BRE) standard for civil infrastructure for the Storstreamsbro but where this provide a
processual model, there is little guidance as to which solutions is the more sustainable for demolition.
Some bridges clearly faces to be demolished, some are transformed into secondary crossings, but
potentially they could be renovated to serve society with a sustainable circular solution. New Green Deal
is part of the EU plan for mitigating climate change. This includes circularity. However, changing existing
infrastructure into circular artefacts might prove difficult and run into technological momentum.
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1. Introduction

All over the western world infrastructure projects was used during the depression of the 1930ties as an
attempt to mitigate the crisis following a Keynesian recipe. Bridges from this period are now at the end
of their lifetime. Like the slogan of “New Deal” from this period, EU is now since 2018 following a strategy
of a “New Green Deal” to reach climate neutrality [1]. This includes circularity and biodiversity as
strategic goal and means include regulation, financial incentives, and partnership with the private sector.
But how can the transformation of steel and concrete bridges from the new deal period be done to
support an agenda like the one posted by EU? Some bridges are scheduled to be demolished, some
transformed into secondary crossings, and others renovated. Changing existing infrastructure into green
and circular artefacts, ie. like simply maintaining them, might prove difficult. Leading to social and local
resistance and might run into a “technological momentum” ie technical inertia. The costs of keeping
them in shape versus demolishing is a dilemma. Theoretically it is proposed to adopt a sustainable
transition framework of understanding as backdrop for more specifically using circularity concepts [2],
megaproject concepts [3] and Science Technology and Society (STS) concepts [4]. Drawing on the
experience of a specific case of a Danish bridge made in the 1930ties, the 3200 meters long
Storstremsbro (from hereon Sbro), it is analysed how the actual sustainable transition work is carried
out. Moreover, two US New Deal bridges and a broader portfolio of (8) Danish bridges built during the
same period, is taken onboard to solidify the analysis. Our contribution is to several current scholarships.



To that of megaprojects we suggest adding a focus to the final stage of the life of megaproject study.
Understanding the technological momentum of megastructures as a sociomaterial phenomenon (and
more than technical wear out) we highlight the occurrence of reverse strategic misrepresentation. Where
Flyvbjerg (2021)’s original concept focus on the initiation of megaprojects [3], “reverse strategic
misrepresentation” suggest that players in favor of dismantling existing infrastructure would
overestimate risks and costs attached to continuing a structure and underestimate its benefit in favor of
new solutions. To that of circular building we add concepts relevant for the particular understanding of
circularity within civil engineering. Compared to the LCA method adopted in Scandinavia by civil
engineering players there is a serious caveat in not appreciated reused materials as a reducing CO2e
emissions. Moreover, newly established infrastructure- LCA still largely omits the demolishing and final
transport in the LCA method evaluating future infrastructure project. Finally, we find no trace of a
“material bank” approach to the prevailing New Deal bridges.

2. Method

Theoretically a sociomaterial [5], sociotechnical sociological approach to understanding megastructures
was adopted. The framework of understanding proposed uses a broader sustainable transition
framework integrating megaproject management concepts, circularity and science technology and
society (STS) concepts. More in particular the idea of technological momentum [4]. Circularity in civil
engineering and mega projects are still somewhat underconceptualised. Here the Institution of Civil
Engineers (ICE UK)-s concepts are used. Empirically, a screening of examples of bridges constructed
in the New Deal period in a series of European countries was carried out. However, it turned out that
infrastructure construction from that period was spread on more types of infrastructure (such as dikes
in the Netherlands) and that governmental crisis mitigation also proved more broadspectred. Focusing
in on the Danish New deal bridges an explorative desk study was carried out. The desk study used
public accessible sources, mostly in Danish, among them material from the Danish Road Directory
(DRR) [6]. DRR is a sister of the “National Highways” the highway authority in the UK. A particular
emphasis in the search was put on search for sustainability issues related to bridges, maintenance
activities and plans for the future of the bridge. The desk study has been supplemented with three
semistructured interviews focusing on the ongoing planning of the demolition of the Sbro. These
interviews are part of [7] and were carried out following [8]. The interviews were taped and subsequently
analysed in small pieces. The analysis of the data from the desk study and interviews was then done
following a hermeneutical, qualitative approach [9]. Themes and concepts were selected and searched
for in desk study material as well in the interviews. Actors involved, materials involved suggested
recycling and other handling of demolished material were key notions. Note that a series of empirical
documents used in this study were/are in Danish. It has been chosen not to reference these, apart from
a few central, such as [7].

3. Framework of understanding

Given the focus on changing existing infrastructure into green and circular artefacts the framework of
understanding proposed uses a broader sustainable transition framework [8] integrating megaproject,
circularity and STS concepts into it. The main concepts of sustainable transition theories, the alternative
niche, the incumbent regime, the landscape [9] is here a backdrop for the focus on circularity of
megaprojects, neither concept are integrated in the sustainable transition framework, but not alien or
incommensurable with it. Circularity in civil engineering and mega project are still somewhat under
conceptualised. Here ICEs concepts are used with a view to the waste hierarchy [11]. Looking at mega
infrastructures it might also become necessary to include a sublevel of reuse of subsystems — ie a high
level of circularity- but not a full product. A major contribution to circularity in civil engineering concerns
prolonging the life length of a particular item. This points to systematic maintenance, monitoring of the
bridge conditions regularly, repositioning the bridge in the local transport infrastructure (ie. From heavy
traffic to local, such as Géta Elv bron in Gothenburg, Sweden and the like). Megaprojects in civil
infrastructure is thoroughly studied and here we use concepts from [3], first of all strategic
misrepresentation and the idea of a broad promotor coalition behind large infrastructure projects as they



are emerging. An inherently social and political approach downplaying the role of the technical issues.
This weakness in megaproject concepts is thought repaired by introducing a STS concepts; that of
“technological momentum” [4]. [4] did a study of the history of the Hoover dam from its construction as
part of New Deal to present day (ie. 1992). They observed how the Hoover Dam tended to survive
several waves of social movements of criticism. And tries cautiously to understand this phenomenon by
the notion of “technological momentum”. To be sure, the notion is at issue with technological
determinism, pointing to complex sociomaterial weaving of actors, artefacts, interests, and social
resources apart from the material ones. [4] eventually edited an entire volume on the issue of
technological determinism, but here only technological momentum is discussed. It should be noted that
the two mobilised concepts, “strategic misrepresentation” and “technological momentum” tends at the
outset to think in a linear manner. It is thus needed to integrate with circularity to commence
understanding the sociomaterial dynamic of end-of-life new deal bridges. Itis thus remarkable thar social
interests vested in existing technology (bridges) would interact/interfere with those vested in new
technologies (new bridges or other infrastructure).

4. Empirical

In Denmark in the 1930ties, counter to many other European countries a stable government prevailed
throughout the entire global crisis. The social democratic coalition government with a another
centerparty was in power from 1929-1942. This government initiated a series of reforms — parallel to
new deal in the US — and shaping the future Danish Welfare state. Little surprise, the governments
modernist aspiration also involved a strong belief in industrialisation and scientific management. In
contemporary terms a linear approach to means of production. When the crisis set in the social
democratic government responded by making comprises with other political parties as well as with
industry and labour market organisations. The bridge building became a strived at public state
endeavour to create new jobs. Bridge project were “bubbling” all over the country, initially supported by
contractors and politicians, but now became supported by government funding. For example, the
Lillebaelt bridge was officially approved in 1924, but only became financed in the early 1930ties and with
considerable extensions. In the table is entered the most important projects initiated by the Danish
government from 1930-1938.

Tablel: Danish New Deal Bridges

Length Inagurated Status Years in
ear operation
m y 2023 P
Storstremsbroen 3210 1937  In operation 88

Lillebzeltsbroen 1178 1937 In op. 86

Dronning Alexandrines bro 746 1943 In op 80
Jernbanebro Aalborg 403 1938 In op. 85
Vildsundbroen 380 1937 Inop. 85
Alssundbroen/ Christian X 331 1930 Inop. 93
Aggersundbroen 228 1942 In op 81
Guldborgbroen 180 1934 In op 89

4.1. The bridge over Storstram

In 1933, the contract for the construction of a Sbro was given to two main contractors: Dorman, Long &
Co., was supposed to do the upper steel structure. Christiani & Nielsen became responsible for the
concrete substructure and earthworks. The three tied-arch main spans have lengths of roughly 100 m
each. The inter-arch bracing is built as a double Warren truss. The bridge has a total of 50 spans. The
bridge has 49 piers, extending to a maximum water depth of about 14 metres. Each pier rests upon
concrete foundations cast on the excavated bed of the sea, inside a cofferdam. The bridge's
substructure therefore consists of approx. 221,000 tonnes of reinforced concrete, distributed over the
piers, which gives the pier an average weight of approx. 4.3 tons. The bridge was inaugurated in 1937.
The bridge became part of a central axis in the Danish transport system providing vertical east corridor
for traffic to and from Germany, from Copenhagen and to some extent Sweden (this share increased
after 2000 when the @resundsbro was inaugurated). A new four-way motorway bridge was finalized in
1985, following a parallel route over the waterway Storstremmen to that of Sbro. From then on, the Sbhro



served (only) local vehicle traffic and international, national, regional and local train traffic. Moreover in
1998, the Storebeelt fixed link came along, that connects the islands of Sjaelland and Fun providing a
faster alternative route for international freight and passenger traffic between Denmark and Germany,
leaving in principle the Shro redundant in the overall Danish transport infrastructure albeit still part of
passenger train traffic for the islands Lolland and Falster, Germany and local car and other vehicle
traffic. In 2011, tests showed a crack in one of the spans. Further investigations revealed a total of 11
cracks between 17 and 55 cm in length. The authorities announced the immediate cancellation of rail
traffic on the bridge. It reopened after three months to regular rail traffic. However subsequently
increasing amounts of freight trains were redirected to follow the Storebeelt connection to Germany. In
2023 in practice 0% of the freight traffic for Germany passes Sbro compared to Storebaelt. From 2019
passenger train traffic to Germany is uniquely directed over Storebaelt. The authorities recommended to
build a new bridge in 2012, first with reference to the poor state of the bridge, but later with reference to
future increased traffic due to the future Fehmern belt link. In the context of arguing for a new bridge
maintaining the old was evaluated as one alternative. Here it was argued that when renovating the
existing bridge, the bridge piers need to be renovated, as the entire load-bearing steel structure, such
as the part the roadway and the track rests on. The rail bearing structure (called the “box”) should be
renovated and the road box replaced. The estimation building on traffic forecasts from the Fehmarn Belt
project was that the existing bridge would have sufficient capacity until 2040. Moreover, at that time the
renovated Sbro technical lifetime as a railway bridge would be exhausted, and then, but only then, it
would be necessary to build a new double track railway bridge. The new bridge solution was approved
by Danish Parliament in 2015, and possible extension of lifetime of the existing bridge left behind.
Construction is ongoing. Inauguration for the road link is expected in 2024 and for rails in 2026.

4.2. Planning of the demolition of the old bridge

An (legally obligatory) environmental analysis was carried out in 2014. This analysis habitually did not
conceptualise possible circular flows of materials but focused on handling of different fractions of
materials that would be generated when demolishing/dismantling the bridge. A consulting engineer was
contracted to be responsible for the demolishing. They are currently planning the process of tearing the
bridge apart and handling the resulting fractions. Sustainability has now been systematically
investigated, using life cycle analysis and United Nations Strategic Development Goals.The bridge's
substructure that consists of approximately 221 000 tons of reinforced concrete is assumed by the
planners to be relatively clean [7]. Most of this is partitioned in the blocks each pier constitutes, estimated
distributed over the piers, with each an average weight of approx. 4.3 tons. The superstructure -mainly
composed of thick steel is estimated to approximately 66 000 tons materials, is assumed by planners to
be relatively polluted [7]. Roughly half of the steel, 30 000 tons, are considered to be polluted to a degree
that required special handling. The cleaning process is envisaged to be done on site. When selling the
steel as scrap metal a considerable income can be expected. Deposit of concrete blocks on the seabed
to provide coastal protection and opportunities for new biotopes to flourish have been considered,
approval was sought by the relevant authorities, but was denied. Crushing of the concrete sub systems
and recycling of crushed materials, were considered, also involving the market prices. Similarly with the
steel structure. So far, the consulting company has not suggested circular solutions for the main
fractions. As for the process of demolishing the upper steel structure, lasercutting of the steel, lifting off
with barge-based cranes (one is in area already to support the ongoing new built bridge) or using
explosives were considered. Also, the consulting company has proposed the use of BREEAM
Infrastructure (previously CEEQual [12]) as a process guidance.

5. Analysis

The US New deal bridges, which epitomized this generation of bridges, showed a remarkable long term
resilience. The San Francisco Bay bridge got the eastern section dismantled in 2013-2018 after 50 years
in operation, whereas he R.F. Kennedy bridges are (still) in operation. As studied by [4] the Hoover Dam
also persist, despite attempts to get it dismantled. In a similar manner the Danish bridges — even if not
deliberately — have supported the circular strategy of prolonging the lifetime of a product. Seven out of



eight bridges are still in operation and through maintenance programs promised further life. Apart from
Shbro discussed below -three bridges have changed status to being secondary connections over
waterways, relieving them from heavy truck traffic. Interestingly one bridge — the railroad bridge of
Aalborg- already at the outset represented reuse of subsystems — ie a high level of circularity-. When
constructed 1935-38 the steel, truss frames were reused from another Danish bridge, which was part of
a closed railroad. Also, concrete pillars from a previous bridge on site was use as sea wave (breakwater)
protection. So, this old project is by far surpassing any other of the project in degree of circularity, even
before being dismantled. As seven out of eight Danish bridges are in operation, the Sbro stands out as
an exception, facing a scheduled demolishing. One can observe that despite the bridge’s estimated life
length had not been passed, a gradual coalition of players was formed that argued in favor of
substitution. When the relieving new motorway bridge was in operation in 1985, this clearly changed the
legitimacy of the bridge. The second major reduction in technological momentum came when freight
train traffic was moved to Storebeelt in 1997. The possible prolonging of the life length of the Storebaelt
bridge thus collides with a nation-based promoter coalition wanting to increase capacity towards the
new Fehmern belt fixed link further south [6]. The resulting double track bridge will however be in place
years before Fehmern is ready. Probably a relatively expensive investment in non-used capacity. Earlier
voices on the poor condition of the bridge appear to have been silenced already by 2014. This group
played the technical argument, the bridge got checked, and reopened in 3 months. A focused repair of
the parts with ruptures (11 places identified) did not enter the planning, rather the authorities calculated
with an entire substitution of the superstructure. Which obviously places this alternative is a less
advantageous position. A major contribution to circularity in civil engineering concerns prolonging the
life length of a particular item. This points to systematic maintenance, monitoring of the bridge conditions
regularly, repositioning the bridge in the local transport infrastructure (ie. From heavy traffic to local,
such as Gota Elv bron). This option is still at hand concerning the R.F. Kennedy bridge in New York and
the seven New Deal bridges in Denmark. While the Sbro or long enjoyed technological momentum, this
at some — tipping- point leads to a commencing reverse strategic misrepresentation [3]. Players
commence claiming the bridge is in poor condition and need to be dismantled (also seen in the
Stockholm Slussen, where investigations of existing Slussen show around 40% of the bridge system
could have been maintained. When dismantling begins it appears to be recurrent to “hide” the flows of
waste (concrete and steel) that do go to landfill (most) and highlight smaller green aspects of the
complex system the bridge is part of (San Francisco Oakland bridge, Slussen). This has not occurred
at Sbro yet, but the direction layed out by the authorities are worrying. The legal framing does not push
sufficiently. The engineers struggle with lack of documentation for the emission from demolishing, both
standards and data from other projects. Needless to note that the BREEAM Infrastructure does not
cover demolishing and that present LCA tools for civil used in Scandinavia also missed out this phase
(the present Danish tool proposed by DRR, is close/copied from the Norwegian). The Swedish road
authorities is not adopting a circular perspective, but Stockholm municipality does. The Dutch
Rijkwaterstaat has commenced collecting data for circularity of civil infrastructure, but in their effort focus
on early stage circularity (like “design for disassembly”). Moreover, concepts are missing for circularity
within civil engineering. Compared to the LCA method adopted in Scandinavia by civil engineering
players, there is a serious lack of appreciating reused materials as a reduction of CO2e emissions and
still largely omitting the demolishing and final transport in the LCA methods. Finally, we find no trace of
a “material bank” approach to the prevailing New Deal bridges.

6. Discussion

This contribution set out asking how the transformation of New Deal bridges be done to support circular
agenda such as set out in the EU New Green Deal? Some are to be demolished, some transformed into
secondary crossings, and others renovated. Changing existing infrastructure into green and circular
artefacts might prove to be far more cumbersome and might run into a technological momentum [4].
Compared to usual studies of megaprojects, where the focus is the establishment, we suggest adding
a focus to the final stage of the life of a circular megaproject. Understanding the technological
momentum of megastructures as a sociomaterial phenomenon (and more than technical wear out) open
up for the occurrence of “reverse strategic misrepresentation”. Where [3]’s original concept focus on the



initiation of megaproject, suggesting “reverse strategic misrepresentation” observes that players in favor
of dismantling existing infrastructure would overestimate risks and costs attached to continuing a
structure and underestimate its benefit in favor for new solutions. The technological momentum of the
structure of the 1930ties (Marx and Roe Smith 1994) were thus overmatched by a new project. Seen
from a circular perspective within civil engineering the UK based Institution of Civil Engineers (ICE) [2]
recommends the following: a. Consider "build nothing" as the first option - can the need that the project
is designed to address be met through any other means, including repurposing or adapting existing
assets? b. Assess and plan for the cradle-to-cradle lifespan of every asset. c. Use recycled and
renewable materials and minimize the requirement for new or finite resources in repair, maintenance
and usage, as well as in construction. d. design for end-of-life disassembly by providing as much data
as possible to support future designers in their efforts to reuse every component [2]. It derives from the
above cases that these recommendations are not fully realized in a Danish context. It has been a long
term concern to better understand the erosion of younger and widespread concrete bridges [13] and the
later years a slow process of adopting LCA in civil engineering has commenced. Major infrastructure
projects are however still commenced, designed and produced without this concern. The “build nothing”
suggestion appear to collide with a much stronger belief in that advanced (newbuilt) infrastructure quals
growth, welfare, and employment. The broader applicability of the proposed framework remains to be
tested. The limitations of the present study are first relying on a partly historical approach not all data
was available and second a fully-fleshed study of reverse strategic misrepresentation and technological
momentum tend to require a longitudinal, very resource demanding case study approach.

7. Conclusion

The aim of the paper was to study how the transformation of New Deal bridges built in the 1930ties
could be done to support a circular agenda as promoted in the EU New Green Deal? Some bridges
clearly faces the fate to be demolished, some is transformed into secondary crossings, but potentially
they could be renovated to serve society with a sustainable circular solution. New Green Deal is part of
EU ambitious plan for mitigating climate change. This includes circularity as strategy. However,
changing existing infrastructure into green and circular artefacts might prove to be cumbersome. A
framework of understanding was proposed integrating megaproject, circularity and STS concepts into a
broader sustainable transition framework. Very little explicit circularity was found. Drawing on a previous
study of New Deal projects, it is suggested to think of these large project as having “technological
momentum” and from megaprojects studies is adopted the understanding of “strategic
misrepresentation” underlining that life length is less of a technical and more of a social feature. Future
studies will show how much bearing such an approach have in studying circular infrastructure.
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