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Delivering the MX3D Bridge, the world’s first metal 3D printed structure 
Dr Craig Buchanan, Imperial College London 

 

On July 22
nd

 2021, Queen Máxima of the 

Netherlands opened the MX3D Bridge (Fig. 1), 

the world’s first metal 3D printed structure 

following four years of laboratory experiments, 

computer modelling, structural engineering, and 

sensor network design and installation. This 

paper covers the project delivery from concept 

to placement in De Wallen (the ‘red-light district’) 

in Amsterdam, the Netherlands. 

 

1. Concept and background 
The overarching aim was to produce the world’s 

first metal 3D printed structure. 3D printing (also 

named additive manufacturing, AM) has 

become an established manufacturing method, 

e.g. in aerospace, for a range of materials, 

including polymers and metals. It offers 

numerous benefits over traditional techniques, 

such as geometric freedom, customisation and 

automated manufacture. The construction 

sector is historically slow to adopt new 

innovations, including digital design (e.g. 

building information modelling, BIM) and 

automation and assembly lines (e.g. design for 

manufacture and assembly, DfMA). Concrete 

3D printing is starting to be used, in 2016 the 

first bridge was unveiled in Madrid, Spain (Fig. 

2). In contrast, large-scale metal 3D printing is 

still in its infancy, due to its cost, complexity and 

novelty. MX3D, a Dutch startup, has pioneered 

recent developments in wire and arc additive 

manufacturing (WAAM), where robotic welding 

arms deposit molten metal (Fig. 3), building a 

part layer-by-layer entirely from welds. A 

multidisciplinary international team was 

assembled to deliver the project, including: 

MX3D, Joris Laarman Lab, Autodesk, Arup, the 

Alan Turing Institute, Imperial College London, 

Force Technology and the Universities of 

Edinburgh and Twente. The MX3D Bridge is 

12.5 m long, spanning 10.5 m and 2-4 m wide, 

weighing ~7 tonnes. The bridge is entirely 

printed, apart from the deck plate and end 

beams, using >1100 km of stainless steel wire. 

 

2. Design and modelling 
Joris Laarman Lab and Arup developed the 

geometry: a uniformly distributed load was 

applied to a ‘U-shaped’ beam, the principal 

stresses were plotted, the beam was curved for 

a more aesthetic stress pattern and finally 

material was moved from low- to high-stressed 

 
Fig. 1 Queen Máxima opening the MX3D 
Bridge in July 2021 (by Adriaan de Groot) 

 

 
Fig. 2 The first 3D printed concrete bridge in 
Castilla-La Mancha, Madrid, Spain 

 

 
Fig. 3 A WAAM robot printing a SHS 

 

 
Fig. 4 The ABAQUS MX3D Bridge FE model 
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regions. The author joined the project to perform 

advanced computer simulations using the 

proposed geometry. An ABAQUS finite element 

(FE) model was built utilising simplified print 

geometry, nominal thicknesses and limited 

material testing. This modelling (Fig. 4) 

demonstrated the bridge’s feasibility; the 

serviceability limit state (SLS) deflections were 

reasonable and material stresses were generally 

elastic. However, it was apparent that significant 

testing was required to understand this novel 

material and to provide more accurate modelling 

inputs. The author therefore devised a testing 

programme to determine material properties and 

verify the ultimate load capacity of WAAM 

elements (Section 3). In-situ bridge tests 

(Section 4) were also planned to provide 

confidence to the Amsterdam authorities and 

design team. The new measured material and 

geometric properties and bridge load tests were 

used to update and validate the model, which 

was seen to accurately predict the true 

measured response. 
 

3. Laboratory experiments 
Destructive material and cross-section testing 

was undertaken. Flat plates with the nominal 

bridge thicknesses (3.5, 8.0 mm) were printed 

and tensile coupons (dog-bone shaped 

specimens) were cut for testing (Fig. 5). WAAM 

produces an inherently undulating surface 

profile (Fig. 5), therefore the as-built and 

underlying material behaviour was measured, 

the latter requiring milling for a smooth surface 

and constant thickness (Fig. 6). The coupons 

were pulled apart in a tensile testing machine by 

the author, with digital image correlation (DIC) 

equipment measuring the surface strains (Fig. 

7). The results revealed that WAAM material is 

anisotropic, and that strain banding on the milled 

surface matched the original layer orientation. 

The inherent WAAM surface profile resulted in 

less favourable material properties (stiffness, 

strength, ductility) over the milled surface. 

Circular (CHS) and square hollow section (SHS) 

specimens were printed with dimensions based 

on the bridge’s cross-section (Fig. 8). Geometry 

measurements were challenging, due to the 

surface profile, requiring Archimedes’ water 

measurements and laser scanning, with internal 

silicone casting. The test specimens were then 

squashed in a compressive testing machine 

(Fig. 9) by the author to record the cross-section 

ultimate capacity and load-deformation 

response. The WAAM column capacities were in 

 
Fig. 5 As-built tensile coupons prior to testing 

 

 
Fig. 6 A prismatic, milled tensile coupon prior to 
testing  

 

 
Fig. 7 Tensile coupon testing with DIC 

 

 
Fig. 8 The cross-section test specimens were 
based on aspects of the bridge’s geometry 
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line with expectations, when adopting the less 

favourable as-built material properties. 

 

4. In-situ experiments  
Non-destructive load tests were conducted 

during construction to record performance data. 

The author led four visits to the Netherlands, with 

all equipment driven from London (Fig. 10) to 

assemble a field-testing laboratory. Horizontal 

and vertical loads were applied to the bridge, 

with the response measured using displacement 

sensors, inclinometers and strain gauges. The 

first 2.4 m of built bridge was tested in November 

2017 (Fig. 11), followed by the completed 

handrails and substructure in July 2018. The 

deck plate was attached and SLS loading was 

applied in September 2018 (Fig. 12), in advance 

of its unveiling at Dutch Design Week (Section 

6). The final load test took place in September 

2019, with the completed structure loaded 

beyond ultimate limit state (ULS, Fig. 13). As the 

programme progressed, the loading methods 

became more complex, steel beams and 

hydraulic jacks (Fig. 13) replaced wooden struts 

and lifting jacks (Fig. 11) for horizontal loading, 

and >1,300 paving slabs and remotely filled 

water tanks (Fig. 13) superseded a chain winch 

for vertical loading. The tests verified that the 

bridge could resist its design load, enabling the 

Amsterdam authorities to issue the placement 

permit. 

 

5. Sensor network 
The novelty of WAAM, and the bridge’s heavily 

trafficked location, requires a comprehensive 

structural health network to monitor its service-

life performance. The project team designed, 

installed and commissioned a network of load 

cells, accelerometers, inclinometers, strain 

gauges, thermocouples and displacement 

sensors, attached to the substructure and 

handrails (Fig. 14). The author used the FE 

model to place sensors at the most heavily 

stressed regions and to record the bridge’s 

movement. An initial sensor network was 

installed for Dutch Design Week (Section 6), with 

the permanent network installed and 

commissioned over a nine-month period after 

final load testing. 

 

6. Public engagement and installation 
The finished bridge was first unveiled at Dutch 

Design Week 2018 (Fig. 15) in Eindhoven, the 

Netherlands. The unusual geometric form was 

typically first noticed, followed by 

 
Fig. 9 CHS cross-section testing 

 
Fig. 10 Test equipment taken to the 
Netherlands 

 
Fig. 11 Horizontal load testing on the first 2.4 m 
of bridge constructed 

 

 
Fig. 12 Vertical SLS load testing on the finished 
MX3D Bridge (without end swirls) 
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studying/touching the surface more intently after 

the realisation that it was printed. The installation 

in Amsterdam was significantly delayed due to 

the inspection and rebuilding of the supporting 

canal banks. The bridge was transported by 

barge and lifted into its final location (Fig. 16), 

then the sensors were turned on and a last set 

of commissioning tests were undertaken. Finally 

on July 22
nd

 2021, Queen Máxima of the 

Netherlands instructed a robotic arm to cut the 

ribbon and the MX3D Bridge was opened (Fig. 

1), receiving significant international media 

attention. 

 
7. Lessons learned 
Despite the MX3D Bridge’s successful delivery, 

there are lessons to be learned. The bridge is a 

‘halo structure’ for 3D printing with an 

architecture driven geometry, defined before the 

material properties were fully understood; future 

WAAM structures must be engineering 

focussed. WAAM’s novelty necessitated ‘design 

by testing’ with significant time and cost 

implications, new design and manufacture 

standards are required to enable a more 

conventional approach. As a small number of 

sensors were damaged during transportation, 

future WAAM structures should incorporate 

sensors within their elements, increasing 

resilience (made possible with 3D printing). 

 
8. Conclusions 
The MX3D Bridge is the first metal 3D printed 

structure, and its opening in July 2021 was the 

culmination of four years of testing, modelling 

and design. The project has captured the 

public’s imagination and demonstrated the 

potential of this new transformative 

manufacturing technology for the construction 

sector, unlocking significant future geometric, 

material and structural engineering 

opportunities. The next phase of the project now 

begins, to monitor and understand how a WAAM 

structure performs over its service-life. 

 

The author recognises the significant 
contributions of all project partners. 
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Fig. 13 Combined vertical and horizontal ULS 
loading on the completed MX3D Bridge 

 
Fig. 14 An installed accelerometer and 
inclinometer under the handrail lip 

 
Fig. 15 The public interacting with the MX3D 
Bridge at Dutch Design Week 2018 

 
Fig. 16 The MX3D Bridge lifted into its final 
location in De Wallen (by Adriaan de Groot) 

 


