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One of the main reasons for starting the investigation of an aluminum concept was the 
possibility of reduced carbon emission. Aluminum is 100% recyclable, and the energy needed to 
produce new aluminum from recycled aluminum is much less than the energy needed to produce new 
aluminum [5]. It is however not considered feasible to obtain enough recycled aluminum for such a 
large structure, so this is a saving for the long term. The carbon crisis is a crisis that needs to be 
handled now. Accounting for recycling after 100 years is debatable and was not considered. 

Aluminum produced with hydroelectric power has a CO2 emission of down to 4,0 kg CO2-e/kg 
[5]. Comparing the total CO2 emission for the bridge with an aluminum box girder produced in 
Norway and a steel box girder produced in Asia (with CO2 emission from transportation included) 
the aluminum concept comes out on top as the concept with the lowest CO2 emission. However, to 
benefit from this effect, the tender documents need to contain specific requirements for CO2 
emissions; there is no guarantee that an aluminum bridge will be produced in Norway based on 
hydroelectric power. Aluminum produced without power from renewable sources has a much worse 
CO2 emission. Comparing the bridge with an aluminum box girder produced with the world’s average 
CO2 emission for aluminum production, the result is reversed – steel comes out on top.   

6 CONCLUSION 

Moving towers on top of steep hillsides for a suspension bridge is possible. The cable system 
becomes softer and generates high bending moments in the steel box girder close to supports and 
large rotations of joints. It also generates problems with compression in hangers close to the supports. 
These issues are manageable by increasing the stiffness of the steel box girder. An option to avoid 
increasing the stiffness of the steel box girder is to introduce tie-down hangers to the ground creating 
a kind of artificial tower.  

An aluminum concept of the box girder has been investigated and found feasible for the original 
concept. Further investigation on the fatigue properties of such a concept needs to be performed but 
is deemed solvable. It is not evident that aluminum leads to reduced CO2 emissions – it all depends 
on where in the world the girder is fabricated and with what source of energy. Taking into account 
that there is little experience with aluminum bridges, particularly suspension bridges, there will be 
some risk in using that material in a large suspension bridge. An aluminum box girder on the new 
concept worsens the issues with a softer cable system. 
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ABSTRACT 

The 1915 Çanakkale Bridge in Turkey carries the new Malkara-Çanakkale Motorway across 
the Dardanelles strait. This paper describes the design of the substructure of the suspension 
bridge, which has a world record main span of 2023 m. The substructure consists of the 
two tower foundations, the two anchor blocks and the two side span piers.  
The paper describes design to achieve fast-track construction and resilient structures with 
optimized material quantities. For the tower foundations an innovative solution consisting of a 
lower cellular reinforced concrete base and an upper part consisting of two hollow composite 
steel shafts which extends above water level have been developed. Critical temporary construction 
stages, including the immersion process, ship impact, and seismic loadings, call for complex 
structural analysis and verification. 

For the anchor blocks efficient concepts have been developed to optimize quantities of 
concrete and excavation. At the European side this is done by taking advantage of the local 
soil conditions and activating the backfill on top of the anchor block as counterweight and at the 
Asian side anchor block an innovative concept with diaphragm panels at the bottom of the anchor 
block has been developed to enhance the horizontal shear resistance with the ground.  
For the side span piers supporting the ends of the main steel bridge deck and the concrete girders 
of the approach bridges soft soil and seismic forces requires deep bored concrete pile foundations 
with special measures for improved soil in the upper liquefiable layers. 
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