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Summary  

Today, concrete is the most widely used construction material worldwide. Strong, versatile, durable, and vector 
of economic development, this exceptional material is also the principal cause of greenhouse-gas emissions, 
material depletion and waste generation by the construction industry. Hence, reusing concrete elements 
extracted from obsolete building structures has large potential to significantly reduce the environmental impact 
of construction. To demonstrate the potential of such an unusual strategy for bridge construction, this paper 
shows the construction of the Re:Crete arch prototype. It is made of 25 reclaimed concrete blocks connected 
through post-tensioning to create a 10-m span arch. The complete design-and-build workflow of the prototype 
is presented, including the structural design of the arch, the sourcing of the reusable concrete elements and 
the assembly. The Re:Crete arch prototype mechanical properties and environmental impact are assessed 
through non-destructive investigation, load testing and Life-Cycle Assessment. The results show that the reuse 
of concrete blocks leads to a comparable structural behaviour as a similar arch made of new or recycled 
concrete, with an environmental footprint reduced by more than 70%.   
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1 Introduction 
Building demolitions most often happen due to obsolescence resulting from economic, urban planning, 
functional, spatial or energy-upgrade reasons and not due to a degradation of the structure. At the time of 
demolition, load-bearing elements are most frequently still in good enough condition for a longer service life 
[1]. Moreover, because concrete is the most widely used construction material, in Europe approximately 30% 
of the construction and demolition waste is made of concrete [2]. Cement production for new concrete 
structures contributes up to 9% of the global anthropogenic CO2 emissions [3]. In addition, concrete production 
requires the extraction of large amounts of raw materials such as sand and gravel and a shortage of these 
material is expected in the near future [4]. Hence, solutions must be found to valorise existing concrete 
structures, thus reducing waste, CO2 emissions and raw-material demand. 

 
Figure 1. The Re:Crete footbridge prototype installed in Wallis, Switzerland. 
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The preferable mean to reduce these impacts is to extend the service life of existing structures. This strategy 
is however not always possible and is often discarded in favour of demolition. Today, demolished concrete is 
at best crushed to be used as gravel for road sub-base or to serve as aggregate in so-called recycled concrete 
mixes. However, recycled concrete requires similar amounts of cement as standard mixes, meaning that the 
process is still CO2 intensive [5,6]. In addition, intrinsic mechanical properties of existing concrete components 
are lost. Instead, the direct reuse of entire concrete elements, extracted from pre-existing obsolete structures, 
into new structural applications is considered as a more sustainable strategy. It allows keeping the 
characteristics of existing concrete components and extending their service life. This circular economy strategy 
delays the crushing of concrete, reduces waste, reduces demand for raw materials and minimizes CO2 
emissions. To retrieve reusable elements from the urban mine, instead of demolition, buildings must be 
selectively deconstructed. Methods and examples of selective deconstruction strategies have been extensively 
reported in Küpfer and Fivet [7]. 

To demonstrate the applicability of reusing cast-in-place concrete elements in new structures, this paper 
presents the Re:Crete footbridge prototype as a proof-of-concept. The prototype is built from 25 concrete 
blocks cut from pre-existing building walls. The blocks create a 10-m span post-tensioned segmented arch 
(Figure 1). In addition to being the first example to date of a structure made from reclaimed cast-in-place 
concrete elements, the Re:Crete prototype highlights the particularity and the challenges of building with 
reclaimed cast-in-place concrete elements. This paper is structured as follows. Section 2 introduces the state 
of practice for reusing structural concrete, reuse in bridge construction as well segmented construction for 
bridges. Section 3 presents the structural design process, while Section 4 the construction stages, including 
material sourcing. Section 5 reports the assessment of the structure, through non-destructive testing, load 
testing and life-cycle assessment. Section 6 discusses and concludes the results. 

2 State-of-the-art 

2.1 Structural-concrete component reuse 
The reuse of concrete is not yet widely implemented. Few projects that reuse precast load-bearing reinforced 
concrete components have been realized in the Netherlands [8], Sweden, Germany [9], and Finland [10]. 
These examples reclaimed prefabricated elements from typical 70’s concrete housing buildings and 
reassembled them into low-rise houses. To the authors knowledge, applications that instead reuse cast-in-
place concrete elements for demanding structural purposes have not yet been realized. Some examples 
however exist that reuse cast-in-place cut elements for less-demanding structural applications, as is the case 
for the recent construction of a 100-m² car park pavement in Switzerland, shown in Figure 2(c) [7]. 

Prefabricated elements allow a dismantling procedure that follows the inverse logic of the construction system, 
potentially even allowing a reassembly by employing existing connections. Instead, the reuse of cast-in-place 
elements requires cutting monolithic components such as walls or slabs to the required size, as illustrated in 
Figure 2(a) and (b). Procedures of dismantling and reassembling are then less straightforward. The size of 
extracted cast-in-place elements is not fixed and can be adapted to project needs. In a way, the design process 
is more flexible when cast-in-place concrete elements are reused.  

      
Figure 2. Extraction techniques of cast-in-place concrete walls (a) and slabs (b) by means of a diamond saw 
blade. Sawn pieces have been reused in the construction of a car park pavement in Switzerland (c). 

(a) (b) (c) 



 

 

        

2.2 Reuse in bridge construction 
A recent review [11] has shown that little literature exists on circular economy concepts applied to bridge 
construction. The following circular strategies in bridge construction are possible: 1) reclaiming load-bearing 
components reused for a same or different purpose, and 2) designing bridges with reusable components that 
allow multiple reassembly cycles. Well-known examples of the first strategy are the bridges built by Toni 
Rüttiman in Latin America and Southeast Asia made of donated leftover pipes and cables from ski lifts and oil 
companies [12]. At a smaller scale, designs have been proposed in Ireland and Denmark to reuse dismantled 
wind turbine blades as bridge girders [13,14]. This upcycling strategy increases the value of reclaimed 
elements, which would otherwise be landfilled. However, none of these proposed designs have yet been 
realized in practice. Another way of reusing structural elements is the like-for-like reuse, i.e. the reuse of 
elements for the same function as initially. For example, in Norway an entire bridge has been deconstructed 
and reassembled in a new location [15]. A last strategy, consisting in designing today for future reuse, is 
illustrated for example by a bridge design in the Netherlands made of reusable concrete components [16]. In 
all these examples, environmental benefits have not been quantitatively assessed. 

2.3 Segmented construction systems 
Stone and concrete blocks are often favourably employed as voussoirs to build arch-shaped bridges. Typically, 
the stability of the arch against asymmetrical loads is ensured by a backfill or with post-tensioning. Many 
examples of post-tensioned segmented construction systems are found in the literature. Although it was never 
built, in 1954, a proposal for the new “Teufelsbrücke” in Switzerland suggested the use of this technique with 
granite elements [17]. Still in Switzerland, two post-tensioned granite bridges were designed by Jürg Conzett: 
the “Punt da Suransuns” [18] and the “Wasserfallbrücke” [19]. Other examples are beam bridges made of 
granite segments assembled by external post-tensioning [20]. Concrete is also used for such construction as 
for example in the so-called “pearl-chain” arch bridges [21,22]. 

3 Design process 

3.1 Predesign 
The Re:Crete footbridge prototype is a post-tensioned segmented arch composed of 25 reused concrete 
blocks, with a span of 10 m and a rise of 1.20 m, as shown in Figure 3(a). Like the systems presented in 
section 2.3, reclaimed concrete blocks are used as voussoirs and post-tensioning ensures stability under 
asymmetrical loads. The chosen arch shape takes advantage of the good compressive strength of concrete 
and the load-effects are carried to the supports through compressive stresses in the structure. 

 
Figure 3. Post-tensioned segmented arch: (a) arch under self-weight and asymmetric live load, (b) arch 
subjected to post-tensioning. On the right side the corresponding force diagrams are shown. 

The bending moment on a section of the arch is synthesized by a force resultant applied normally on this 
section, at a varying eccentricity from the centroidal axis. The points of application of all such resultants along 
the arch is the thrust line, illustrated in pink on Figure 3. When the thrust line is beyond the cross-section, the 
arch becomes unstable [23,24]. As detailed in Figure 3(a), without post-tensioning, the thrust line of the 



 

 

        

Re:Crete arch would be outside the cross-section under asymmetrical loads. Post-tensioning increases the 
thrust magnitude and, by that, decreases the influence of asymmetric loads onto the thrust line eccentricity. 
Moreover, it keeps the thrust line in the inner third of the concrete block cross-section and thus ensures fully 
compressed blocks. This strategy avoids cracking that would e.g. ease water penetration.  

The predesign of the Re:Crete arch is carried out for blocks with thicknesses of 20 cm, which represents the 
typical thickness of cast-in-place concrete walls or slabs available in existing buildings. The concrete grade is 
assumed as C25/30. For this prototype, a live load of 1.5 kN/m2 is considered. Results of the predesign show 
that two single-strand post-tensioning cables with a prestress force of 168 kN each are sufficient to keep the 
entire concrete cross-section in compression at ultimate limit state.  

3.2 Detailed design 
To verify the structural behaviour of the Re:Crete arch in detail, a Finite Element Analysis (FEA) has been 
carried out with the commercial software SOFiSTiK [25]. The structural system is modelled as a polygonal 
beam with a pinned support at the left end and a roller support at the right end. In the absence of gravity 
foundations for this prototype, tension bars connect both ends of the Re:Crete arch to withstand the arch thrust. 
In the FEA model, these bars are modelled as a horizontal spring located at the right roller support. 

 
Figure 4. Reclaimed concrete blocks cross-section and post-tensioning duct (blue) and cable (red) positions. 
Dimensions in [mm]. 

To allow the easy integration of cables and ducts, the holes drilled into the sides of the concrete blocks are 
larger than the post-tensioning cables. Thus, as illustrated in Figure 4, the post-tensioning cables lie at the 
bottom of the drilled holes, resulting in an eccentricity between the post-tensioning force and the centroidal 
axis of the concrete cross-section. This eccentricity creates an additional bending moment which is considered 
in the analysis.  

 
Figure 5. Results of the FEA: (a) normal force, (b) bending moment, (c) thrust line (magnified, not to scale). 



 

 

        

Figure 5 shows the results of the FEA for an asymmetric external live load applied at the left half of the arch. 
Figure 5(a) shows the normal forces Nx and Figure 5(b) the bending moment My resulting from adding ultimate 
limit state (ULS) permanent and live loads as well as reduced post-tensioning force. The thrust line is shown 
in Figure 5(c) and has a maximum eccentricity of 31.9 mm. This means that the thrust line remains inside the 
inner third core of the concrete cross-section (200 mm / 6 = 33 mm) which is then fully compressed. It confirms 
the results of the predesign. The resulting maximum compressive stress in the concrete under symmetric 
loading is 3.1 MPa, which is much lower than the estimated concrete design compressive strength of 16.7 MPa. 

Deflections and vibrations calculated for the serviceability limit state (SLS) are below the admissible values 
given in the Swiss standards [26]. The maximum displacement at midspan is only 3.2 mm. Deflections resulting 
from the post-tensioning process are also analysed to verify that the procedure will not add pressure on the 
timber centring used for construction (see section 4).  

4 Construction 
First, a source building, from which to reclaim the required number of concrete elements, is searched. Various 
demolition companies and landfilling sites are contacted. Eventually, all concrete blocks are supplied by a 
company specialised in concrete drilling and sawing. The blocks are cut-out from 20-cm thick basement walls 
of a building currently undergoing major transformations. The concrete blocks are extracted from the source 
building with a diamond saw, directly in the requested dimensions of 120 x 40.5 x 20 cm. After extraction, the 
holes for the post-tensioning cables are drilled into the faces of each block.  

As shown in Figure 6(a), the first step in the assembly of the Re:Crete arch is the construction of a temporary 
timber centring. The concrete blocks are placed onto the centring, starting at one end, while passing the duct 
and post-tensioning cables through the holes. The joints between the concrete blocks are filed with mortar to 
ensure a good contact between them (Figure 6(b)). The mortar is left to harden for 14 days before the post-
tensioning cables are stressed.  

 
Figure 6. (a) Centring and concrete blocks, with side holes for post-tensioning cables, before assembly, (b) 
joints between blocks filled with mortar.  

5 Assessment 

5.1 Non-destructive assessments 
To validate the assumptions made during the design process on the mechanical properties of the concrete, 
non-destructive investigations are performed. A Schmidt rebound hammer is used to determine the 
compressive strength of the concrete blocks. The 48 measurements, performed on two different concrete 
blocks, gave a compression strength of 23 MPa, which corresponds to the range of values used in the design. 

Ground Penetrating Radar (GPR) is used to measure the concrete cover thickness and the rebar spacing. 
Although the rebars are not required to ensure structural safety of the arch system, results provide information 
on the durability of the concrete blocks. The risk of rebar corrosion increases with thinner concrete cover. 
Unwanted corrosion could lead to unwanted cracking and spalling of the concrete. 

Figure 7 shows the concrete cover thickness measured with GPR. The average value is just below 4.0 cm. 
Therefore, to avoid corrosion, some protective interventions are required on the concrete blocks prior to an 
outdoor installation of the structure. Such protection can be obtained with water-repellent coatings applied on 
the exposed concrete surfaces. 



 

 

        

 
Figure 7. Non-destructive assessment with GPR: map of the concrete cover measurements. 

5.2 Load testing 
The structural response is validated through load testing. The Re:Crete arch is loaded symmetrically (Figure 
7(a)) and asymmetrically (Figure 7(b)) with sandbags, reaching 1.8 and 0.9 tons, respectively. This 
corresponds to the assumed design live load of 1.5 kN/m2. For safety, during the first stages of load testing, 
the timber centring is left in place but lowered by about 3 cm under the arch. Deflections are recorded using 
gauges fixed on the centring, as shown in Figure 7(c). The maximum measured vertical deflection is less than 
2.0 mm, which corresponds to the deflection computed with the FEA model for the live load alone. 

 
Figure 8. Load testing with (a) symmetric and (b) asymmetric disposition of loads. (c) Gauges to measure 
vertical deformations. 

5.3 Life cycle assessment 
A Life Cycle Assessment (LCA) compares the global warming potential (GWP) in kgCO2eq of the Re:Crete 
arch with that of three arch alternatives: a recycled-concrete post-tensioned segmented arch, a recycled-
concrete monolithic arch with passive reinforcement and a glulam timber arch. The alternatives meet the same 
loading requirements and overall dimensions. The system boundary, data collection and calculation details of 
the LCA are described in Brütting et al [27]. The results show that the construction of the Re:Crete prototype 
has a 71% lower GWP than the same design in recycled concrete, a 63% lower impact than the monolithic 
arch, and a comparative impact to the glulam alternative.  

6 Discussion and conclusion 
The Re:Crete prototype demonstrates that employing reclaimed cast-in-place concrete elements combined 
with post-tensioning can achieve highly performing load-bearing systems with efficient structural behaviour. 



 

 

        

The design and construction process of this project differs from a standard project. Reusing concrete elements 
implies first to identify a suitable source of elements for the new project. Then the elements are cut with 
conventional concrete-cutting technology and prepared for reassembly. For the preliminary structural design, 
initial assumptions on the material properties and the element geometry are made. These assumptions are 
later validated with a non-destructive method, the Schmidt rebound hammer. GPR measurements allowed 
checking parameters important for the durability of the structure.  

Some improvements in the design and built process have been identified with regards to the steps followed 
for the construction of the Re:Crete arch. First, locating the source building was done in an opportunistic way. 
To improve the logistics of this type of project, a systematic sourcing method should be developed. Second, 
the assessment of the stock properties was done once the prototype was built. This step should rather take 
place on the deconstruction site, prior to detailed design. Finally, the element dimensions had larger tolerances 
than expected which then required some minor on-site adaptation such as grinding off corners of two blocks. 
In future projects, more accuracy should be required during the extraction and preparation of the elements.  

The Re:Crete arch has now been installed outdoor, in Wallis, Switzerland (Figure 1), for a duration of two 
years. It has been protected with water-repellent coating and waterproofing tape over the joints. Its behaviour 
under standard use and against behaviour will be monitored.  

The LCA has shown the potential to reduce the GWP of structures through the reuse of concrete structural 
elements. Furthermore, reuse avoids waste, reduces the demand for raw material and delays the downcycling 
of concrete. As the Re:Crete prototype demonstrated, it is possible to build reliable concrete structures without 
pouring any new concrete. 
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