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ABSTRACT: Reflecting on sustainable design and search for a 21st century urban bridge design
paradigm, this paper presents a 10.5 km multi-span bridge designed for Lagos, reported in 2014
to have a metropolitan area population of 21 million, making it the largest metropolitan area in
Africa and one of the world’s biggest megacities. Traffic congestions in Lagos, the ultimate
chaos-city, immortalised by Fela Kuti in his “Go-Slow”, are already world-famous.
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1 GENERAL
1.1 The LAGOON
This Lagos Lagoon is located at the southern part of the Lagos metropolis, linking the Atlantic
Ocean (to the west and south) and the Lekki lagoon (to the east). Its surface area is about
6354.708 sq.km and its perimeter 285 km. The lagoon provides places of abode and, to a much
lesser degree than it would be the case in the developed world, recreation. While it provides the
means of livelihood and transport, it also serves as dumpsite for residential and industrial waste
and discharge. The lagoon is polluted, heavily in some areas. The Lagos Lagoon consists of
three main water zones: Lagos Harbour, Metropolitan and Epe Division. Interestingly, water in
the Lagoon is very warm, probably a factor of its shallowness. According to Oyenekan, J.
(1988) “the bottom water of the lagoon has high temperatures which were relatively constant
throughout the year. The temperatures varied between 32.7ºC in December 2002 at the entrance
of Ogun River near Ikorodu and 27ºC in October 2003. The temperatures fluctuated only narrowly throughout the year. The annual temperature range was only 7ºC. During the rainy season
(May to November), the influx of riverine water and the heavy cloud cover in the sky resulted
in a gradual fall of the temperature to a minimum of 26ºC”.
Differential salinity in the Lagoon is the result of the impact of the Atlantic Ocean. It fluctuates both seasonally and semi-diurnally. These fluctuations are greatest in the Lagos Harbour
area because of the direct link with the Atlantic Ocean.
1.2 LEKKI PENINSULA
Lagos is located on southwest of Nigeria, on the Gulf of Guinea and comprises the islands of
Lagos and Victoria and the outer Lagos Mainland and part of Lekki Peninsula. Lekki Peninsula
has been singled out as the main direction for urban expansion of Lagos. The new Lagos airport
is located in Lekki and a substantial new city is being developed there. Based on the proposed
land use plan the New City will be divided into 5 linear development zones. At present the only
practical link between Lekki and the main metropolitan area of Lagos is by way of Lagos Island
and the existing 11 km Third Mainland Bridge. All routes out of Lekki go via the Lagos Island

with its high levels of traffic congestion. It is thus critical that a new rapid transport link, with
minimal levels of congestion, and bypassing the Lagos Island, is provided.
2 LEKKI BELTWAY BRIDGE GENERAL
Lekki Beltway Bridge has been conceived as a large volume multi-modal by-pass for Lagos.
Normally such gathering ring roads are land based. In case of Lagos, it will be built on water.
This is the direct result of the scarcity of land in Lagos, land development and urbanisation patterns to date, and the land values, believed to be the highest in Africa.

Figure 1. Aerial view with Lekki Beltway Bridge outline

As the Lagos Lagoon is shallow and cannot support navigation of large vessels, there is no
justification for any ‘dramatic’ bridge solutions that would call for large spans and/or high
clearances. This also makes this bridge significantly more cost effective than a similar by-pass
bridge would have been over navigable waters. The bridge carries eight lanes of road traffic,
two cycle lanes, statutory service lanes and monorail, reaching up to the new airport. It is also
intended as a symbolic structure – a green avenue snaking along the Lagoon with a row of palm
trees along its whole length.

Figure 2. Outside view of the bridge

The bridge’s paired down structural solution in some ways draws from the modernist architectural icon the Farnsworth House by Mies van der Rohe, with its steel structure clearly and
legibly articulated. The main design effort went into making it not only efficient as a structure,
and easy to build, but also refined in proportions and detail. With its elevated monorail beams,
the bridge feels almost classical in scale and articulation.

Figure 3. Farnsworth House

The north-west landing point of the new bridge, on the existing Third Mainland Bridge, is located north of an existing junction island in order to disperse potential traffic congestion
hotspot and to simplify the connection and the time that it would take to construct.
The bridge is sinusoidal in plan to make the crossing more enjoyable than a relentless straight
line would be.

Figure 4. Aerial view of the bridge

3 MONORAIL
Elevated monorail tracks are located above the bridge deck, along both edges of the bridge, so
as to permit long views of the Lagoon from the train and views of the Lagoon from the cars.

Figure 5. View from monorail carriage

Were they placed at the deck level the tracks would have to be fenced off with heavy protection both for the sake of general public safety but also to prevent vandalism and terrorist attacks. Such fencing would negate the key idea of the bridge as a green avenue with panoramic
views of the Lagoon, as the views from the bridge would be totally obscured by the monorail
fencing. The final monorail system will be selected based on functionality studies and cost
analysis. The presently considered options include a levitating maglev monorail, like that linking Shanghai to its airport, or a wheeled system, like for example the monorail that links
Haneda airport to Tokyo.

Figure 6. Inner view of the bridge

4 STRUCTURE
Construction in a marine environment demands a high durability concrete. For that, concrete
compactness is a first requisite. In addition, accurate detailing and positioning of reinforcement
must be secured. Furthermore, minimization of construction costs of a long bridge requires repetition of procedures. All that “mise en œuvre” is best achieved with precast concrete or with a
repetition of in situ long spans.

Figure 7. Concept cross-section

Available geotechnical information leaves no doubt about need for pilling but length of piles
is not well determined. Correlation of pilling costs and deck span costs, together with elevation
equipment costs, will determine the best dimension for the bridge spans and the type of structural cross-section. One-first decision is to go for either one single deck almost 50 m wide (Figure 7) or for two twin parallel decks, each almost 25 m wide. One-second decision is to opt for
several parallel span-by-span “U” or “box” precast shaped beams, or to opt for two parallel
wide box-beam decks built with precast segments or in situ concrete. Up to 40 m spans, “U”
and “box” precast beams are best, but larger spans going up to 100 m, or even more, are being
built with movable scaffoldings equipped with OPS technology (Pacheco et al. 2002).
Figure 8 shows the construction of 50 m multi-spans with precast segments.

Figure 8. Laguna Bay Bridge, Santa Catarina, Brazil – 50 m spans (credits to Camargo Corrêa,
Aterpa, M. Martins and Construbase)

A new generation of movable scaffoldings equipped with OPS technology is seen in Figure 9
for 70 m in-situ concrete multi-spans (Pacheco et al. 2011).

Figure 9. River Cabriel Bridge, Valencia, Spain– 70 m spans (BERD courtesy)

The newest movable scaffolding system with OPS for spans up to 100 m is shown in Figure 10, and it is due to be used in the construction of a 90 m multi-span viaduct in Turkey.

Figure 10. 3-D model of the movable scaffolding system M1 – for up to 100 m spans cast in situ – first
unit under construction (BERD courtesy)

The final resolution of the bridge structure will be arrived by further cost and engineering
studies after more information is available about local geotechnical conditions.

5 LIGHTING DESIGN
This will be an unusual bridge – with no lampposts. The monorail structure will support streetlights so there will be no need for lampposts on the bridge. In addition to functional lighting required by the highways authorities, architectural lighting will form a critical part of the visual
expression of the bridge and change it into an object of art by night. Colour changing lights creating waves of coloured light at night will be enjoyed from the Banana Island and the Lagos Island, and from the northern banks of the Lagoon. This linear light-based art would also greet air
passengers coming to land at the new airport in Lekki. To be sustainable, the lighting design
will consider environmental impact as a part of the design process. Lighting design, wherever
possible, will use energy efficient light sources such as LEDs and long life fluorescents rather
than incandescent light sources. The bridge will be illuminated using high quality optically efficient luminaires that direct light onto the intended area of the structure with minimal residual
light spill. Reflectors, louvers, cowls and other beam shaping accessories will be used to control and direct light throughout the bridge deck area.
6 ‘SPOT’ ISLANDS
As the two bridge branch locations that would link the Lekki Beltway Bridge to the Banana Island and to the Lagos Island would require two level junctions, they could also support ‘water
born’ property development. The exclusive Burj al Arab hotel in Dubai, standing on its own little island, could serve as an example, as indeed could the old lighthouses that sometimes stood
away from the shores.
7 OTHER CREATIVE USES FOR THE BRIDGE
Considering the substantial width of the bridge, international or local annual events, like running races or cycle speed races (Figure 11), could be organised using one half of the bridge and
putting the remaining four lanes on the other side of the line of palm trees to temporary twoway road use.

Figure 11. Creative uses for the bridge

8 COST
Cost estimate for the construction of the bridge and its multilevel junctions is performed with
2015 unit costs in Table 1.

Table 1. Cost estimate of the Lekki Beltway Bridge
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