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Summary 

This paper presents the conception and general design of a complex pedestrian and cycling bridge currently under 
construction over the “2nd Circular” road, in the city of Lisbon, Portugal. This unique bridge is a remarkable structure that 
will open new challenges into the conception and design of footbridges without resource to expensive and decorative 
structural solutions. 
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1. Introduction 

The Footbridge over the 2nd Circular, in Lisbon, Portugal, is currently under construction and is expected to be finished 
and open for use in April 2014. The solution was developed by “MXTstudio Architects” and “Adão da Fonseca - 
Structural Engineers” and was winner of the “International competition for ideas of a new pedestrian and cycling bridge in 
Lisbon, Portugal”, in 2009.  

 

Fig. 1 – View of the bridge (Photomontage) 
 
Roots of this bridge are to be found in the Future, rather than in the Present. Ongoing studies about city movements 
show an increasing combination of transport systems, merging individual transport, generally of private nature, with 
collective transport. New route maps of urban areas testify that new tendency. Combination of cycling with train, metro or 
boat transport are already very common, with train and metro carriages integrating lifts and parking bays for articulated 
or lighter bicycles. 
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Fig. 

 

2. Concept 

The “2nd Circular” is the busiest road inside
described it, a scar in the surface of the city that should be humanised. The footbridge now in construction is located 
way between the Stadium of Light – home to B
Alvalade – home to Sporting Lisbon football club

The footbridge will stand in a new map where new and old narrow paths for individuals lay over, cross and connect to the 
existing city routes and transport roads, b
uniting lanes and footpaths going through the 
new map. A new map for the inhabitants of those
thus called ecologic passages. The bridge will spring
highway of the “2ª Circular”, just letting back 
modes of movement. 

The bridge models the flow of land motions, taking the central role of uniting walking, cycling, skating and segwaying, all 
basically non-motorized and unpolluting. In this sense, the BRIDGE becomes a reference mark to mobility, bounded and 
binding future urban scenarios, as part of a new urbanity emerging from sustainable development.

The objective of separating the two major types of crossing, pedestrian and cycling
proposal of a hierarchy of different spans of the bridge, 
This hierarchy uses perfectly the morphological characteristics of the solution, which is 
on the 2nd Circular, and not as a single pass.

Fig. 3 – Network of paths with priority for pedestrians (orange) and priority for 
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Fig. 2 – View of the competition model 

side Lisbon, literally cutting the city in two halves. It is, as the 
described it, a scar in the surface of the city that should be humanised. The footbridge now in construction is located 

home to Benfica football club and in the south side of the road –
football club and in the north side of the road. This bridge will also bring them closer. 

new map where new and old narrow paths for individuals lay over, cross and connect to the 
outes and transport roads, both individual and collective. Indeed, the setting and context of this bridge, 

through the new quarters of Benfica, Luz and Telheiras, generates
nhabitants of those new quarters, creating new passages that will liven

he bridge will spring a new network of paths moving up from the ground, over the busy 
Circular”, just letting back a trace of light that produces a choreography of the varies scales and 

The bridge models the flow of land motions, taking the central role of uniting walking, cycling, skating and segwaying, all 
n this sense, the BRIDGE becomes a reference mark to mobility, bounded and 

binding future urban scenarios, as part of a new urbanity emerging from sustainable development. 

the two major types of crossing, pedestrian and cycling, in the bridge deck led to the 
proposal of a hierarchy of different spans of the bridge, with clear prioritization of use across the surface of the bridge. 

the morphological characteristics of the solution, which is organized as a network of paths 
Circular, and not as a single pass. 

 

 

Network of paths with priority for pedestrians (orange) and priority for bicycles (red) / Identification of 

Footbridges: Past, present & future 

. It is, as the current City Mayor 
described it, a scar in the surface of the city that should be humanised. The footbridge now in construction is located half 

– and the Stadium of 
This bridge will also bring them closer.  

new map where new and old narrow paths for individuals lay over, cross and connect to the 
and context of this bridge, 

, generates an opportunity for a 
new quarters, creating new passages that will liven up the city grid, 

moving up from the ground, over the busy 
a trace of light that produces a choreography of the varies scales and 

The bridge models the flow of land motions, taking the central role of uniting walking, cycling, skating and segwaying, all 
n this sense, the BRIDGE becomes a reference mark to mobility, bounded and 

n the bridge deck led to the 
clear prioritization of use across the surface of the bridge. 

as a network of paths 

(red) / Identification of bridge segments 
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The deck’s level was defined so that a minimum free height of 5.50 m under the bridge elements is guaranteed, and that 
is the main factor establishing the various access segments, the location of the intermediate supports and the 
connection to the natural ground. 

In view of improving accessibility for users with disabilities, the hierarchy of the above mentioned circuits allowed the 
opportunity to give priority to pedestrian traffic on the lower pending spans (always below 5%), in opposition to the spans 
with higher slopes (around 8%), where priority is for bicycles. Low slopes for pedestrians mean that ramps are especially 
long, although quick access to the bridge is provided through stairs on both sides of the “2nd Circular”. 

On plan, the bridge is characterized by a central 18 m segment 07 along the axis of the road below, supported on the 
main spans over the “2nd Circular” (segments 03, 04, 08, 09). These 4 different segments are oblique relatively to the 
central segment, each around 26 m long. Three of the segments are divided into stairs and lateral ramps that go in 
opposite directions (segments 01, 02, 05, 06, 10 and 11), but segment 08 is continuous and straight till meets ground. 

 

3. Structural Concept 

The structural solution of a constant triangular cross-section provides elegancy and lightness together with simplicity in 
the construction process, as the upper side of the triangle works as a walking or cycling platform with the structural 
section below it. 

The cross section of the bridge is constant and is defined by an equilateral triangle with 3.30 m sides, with the pavement 
for pedestrians and bicycles making up the upper side. The two lateral sides extend 0.70 m above the pavement, 
providing part of the guardrails. The pavement will be coated with a bituminous layer similar to that used in bike lanes 
pathways that lead to the bridge, avoiding any discontinuity. The exterior of the bridge will be painted. 

 

Fig. 4 – Structural plan 
 
In the main spans, over the “2nd Circular”, the triangular cross-section is composite steel-concrete, with lateral sides 
made of steel plates with a minimum thickness of 12 mm, and with a concrete slab as upper flange that is supported on 
transverse ribs spaced 2.6 m. In order to obtain the final triangular shape, the lateral guardrails are also opaque steel 
plates. In the access ramps, the structural section is a triangular reinforced concrete section, wherein pre-fabricated 
slabs are incorporated into the upper flange to prevent lost formwork. 
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Fig. 5 – Steel Section / Concrete Section 
 
In the winning solution at competition stage, columns in the central span of the bridge were considered. These columns 
would be located in the central rail of the road. However, during scheme design stage, the Lisbon City Council informed 
that no supports would be accepted within the “2nd Circular”. It was then decided to locate columns at the 4 intersections 
of side ramps with main spans. These columns are inclined longitudinally in order to reduce the main spans and to better 
resist longitudinal horizontal actions. At the access ramps, intermediate columns are also provided. 

 

Fig. 6 – View from below (photomontage) 
 

The positioning and the definition of the column shape is of particular importance. They provide a clear sense of 
harmony between the structural and aesthetic unique architectural concept, but they obey to purely structural and 
economic criteria. In the case of the columns in the ramps, their "A" shape provides a vastly superior rigidity compared to 
the one given by a single column. They ensure that the transversal frequency is above the limit in which “lock in” 
phenomena occurs. Thus, TMD’s are not necessary. The central columns are tilted 20 degrees towards the “2nd 
Circular”, being located in the vertical plane defined by the axis of the deck. Structurally, all columns are clamped into the 
deck at the upper end and embedded in the massive pile caps at their lower end. 
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Fig. 7 – Central span columns / Lateral ramps columns (front view and lateral view) 
 

Given the lack of bearing capacity of the upper soil strata in this area, piles are used to mobilise the miocenic soil 
formations, characterized by values of NSPT > 60, at depths of 9 m on the north side and of 12 m on the south side. 
Along the south ramps, foundations are located on a steep slope. Access difficulties justify the use of micro-piles for 
those foundations.  

In order to satisfy the severe expectations of landscape and environmental integration of the bridge, abutments have the 
same geometry of the bridge deck, thus inducing the feeling that the bridge blends in naturally with the terrain. 

Parametric studies were performed in order to secure the best structural behaviour of the bridge for dynamic effects 
(wind and earthquake) versus the response to induced movements (temperature and shrinkage). The final solution was 
to fix stairs and span 08 into the pile caps and liberate the deck in the longitudinal direction at abutments of spans 01, 05 
and 11.   

 

Fig. 8 – Abutment geometry 
 

A critical feature of the bridge is the making of the central nodes, where spans from three different directions meet and 
where big forces have to be transferred. The solution was to use a steel node to which the three spans are welded to. 
The node is an inverted pyramid made up of steel plates that guarantee continuity of material in every direction. These 
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nodes were modelled with shell finite elements in order to better understand the mechanism of forces transfer. 

  

Fig. 9 – Central node (3d model and plan) 
 

Another very important feature of the bridge is the connection between steel and concrete decks, where forces coming 
from the steel decks have to be transferred into the concrete decks. Connections between concrete and steel sections 
are accomplished through transverse diaphragm zones comprising a mass of reinforced concrete and a steel diaphragm. 
Convenient design of diaphragms ensures transmission of shear forces, torsion and positive and negative bending 
moments. Transmission of shear forces induced by shear and torsional moment is achieved through connector studs 
welded to the webs of the steel section. Essentially, transmission takes place in a section where negative moments are 
predominant, but small positive moments also occur for some combinations. In case of negative bending, transmission of 
compression forces is achieved directly from the concrete lower flange into the steel diaphragm and into the lower flange 
of the steel section. Tension forces are absorbed by the upper reinforcement, welded directly to the upper flange of the 
steel section. Deviation forces caused by the eccentricity between points of application of forces are absorbed by 
additional reinforcement placed in the form of stirrups. In the case of small positive moments, tension force in the lower 
flange of the steel section is transmitted to the reinforcement welded to the steel diaphragm. Compression forces in the 
upper flange flow continuously through the concrete slab. Design safety of steel elements (transverse ribs and 
diaphragm) was performed using simplified models of balance of forces. Results were confirmed with a local model of 
shell finite elements  
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Fig. 10 –

 

4. Numerical models of the bridge 

Analysis of the structural response of the bridge was 
soil-structure interaction effects was fundamental 
parametric studies of stresses and deformations in the bridge were performed for several dimensions of piles and 
properties of the underground soil layers. 

Deck and columns were modelled by bar finite elements with the geometrical and mechanical propertie
centroid of cross sections. This model includes pil
nonlinear supports. The latter are characterized by elastoplastic behaviour laws with distinct stiffness and limi
resistance for each soil layer and depth. 

 

 

Results from this model led to “equivalent elastic constants” characterizing the behaviour of piles and soil layers to be 
used in the dynamic analyses. 

The structural behaviour of the bridge is typical of a continuo
the spans over “2nd Circular” are not straight
behaviour when subjected to torsional forces. 

 

5. Construction sequence 

The concrete segments of the bridge were constructed using the traditional propping of 
central spans of the bridge are over the busiest road
traffic flowing below for the whole period of construction
easy to erect during the night with mobile crane
and in due course will be tested in order to confirm the modal properties of the bridge and to confirm that no TMDs are 
required. It is planned to be inaugurated in April 2014.
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– Connection between steel and concrete deck 

nalysis of the structural response of the bridge was studied using bar finite element models. A detailed analysis of the 
structure interaction effects was fundamental to fully understand the structural behaviour of this bridge. Sensi

parametric studies of stresses and deformations in the bridge were performed for several dimensions of piles and 

modelled by bar finite elements with the geometrical and mechanical propertie
is model includes piles and the soil interaction of the underground soil layers is 

he latter are characterized by elastoplastic behaviour laws with distinct stiffness and limi

Fig. 11 – 3d finite element model 

Results from this model led to “equivalent elastic constants” characterizing the behaviour of piles and soil layers to be 

The structural behaviour of the bridge is typical of a continuous beam, but there is an important torsional component, as 
are not straight and change directions at the nodes. The closed section has an excellent 

iour when subjected to torsional forces.  

constructed using the traditional propping of all segments. As noted above, 
the busiest road in the city of Lisbon. Therefore, it would be impossible to stop the 

traffic flowing below for the whole period of construction of those spans. Hence the choice of steel segments that are 
easy to erect during the night with mobile cranes, when the traffic is very low. The bridge is currently under construction 

will be tested in order to confirm the modal properties of the bridge and to confirm that no TMDs are 
April 2014. 
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A detailed analysis of the 
the structural behaviour of this bridge. Sensitivity 

parametric studies of stresses and deformations in the bridge were performed for several dimensions of piles and 

modelled by bar finite elements with the geometrical and mechanical properties referred to the 
es and the soil interaction of the underground soil layers is modelled by 

he latter are characterized by elastoplastic behaviour laws with distinct stiffness and limited 

Results from this model led to “equivalent elastic constants” characterizing the behaviour of piles and soil layers to be 

s beam, but there is an important torsional component, as 
directions at the nodes. The closed section has an excellent 

all segments. As noted above, 
t would be impossible to stop the 
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bridge is currently under construction 
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6. Construction photos 

Erection of steel span Access stairs on the north side  

Central node 

View from below on a lateral span View of the south side access 
Fig. 12 – Construction photos 
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