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Abstract:  Traditionally the drivers for the design of concrete bridges have been function, construction cost, 
durability, appearance, strength and ductility.  With the second quarter of the 21st century almost upon us 
new drivers are emerging fuelled by considerations of finite natural resources, limitations on carbon 
emissions and the need for regeneration of natural systems. Running through all this is the need to create 
bridges which are sustainable; which as constructed effectively fulfil their intended functional intention, are 
cost effective over their full life cycle and which do not provide unnecessary harm to the environment in their 
construction and service life.  This is not new, what is new is our definition of sustainability. Repurposing 
bridges are a key consideration of the circular economy and examples are provided where this has been 
successful.  This paper looks at two aspects of sustainability as it pertains to bridge construction; finite 
resources and global warming, with particular reference to the concept of the circular economy. 
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1. Introduction
Brundtland (1) defines sustainability as follows, “Development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs.”  

Let’s think about this in the context of  a strong underlying demand for new bridges throughout the world, 
all fuelled by high population growth reinforced by increased urbanisation.  This demand, and the resultant 
response, is unprecedented.

Thus the question is inevitably posed; in the relentless pursuit of bridge design and construction needed 
today are we, in the process, in fact compromising the ability of future generations to meet their own needs?   
It is pretty clear that whatever lens we use to answer this question, the answer is, at least in a number of 
instances, in the affirmative.  

This paper looks at two fundamental aspects in the design for bridge sustainability; firstly, in the depletion 
of finite natural resources required for bridge construction materials and secondly the effects in global 
warming due to greenhouse gas emissions as bridges components are manufactured, erected, maintained, 
and eventually demolished, all in the context of the concept of the circular economy.

2. Finite resources
Concrete is the primary bridge building material in the world.  It is also of course the most successful.  From 
the development of lime mortar in the age of the pharaohs over 6,000 years ago, to the beautiful arch 
bridges and domes build throughout the Roman Empire, to the first iron reinforced concrete bridge 
constructed by Joseph Monier in 1876 and the practical prestressed concrete bridges designed by 
Freyssinet in the 1930’s, concrete bridges have proliferated throughout the world.  

 

Figure 1 Bridge over the Tagus River, Spain Figure 2 Bridge over the Tamega River, Portugal



Fine examples of this are two bridges built by the Romans during the term of the Emperor Trajan in the 2nd 
century, in continuous use to the present day and shown as Figures 1 and 2 above.

Concrete is easy to form, strong in compression, very durable and provides a protective environment to 
embedded steel reinforcement which substantially enhances the member strength.  

An important component of concrete is sand.  
Approximately 50 billion tonnes of construction grade sand 
is consumed every year, much of it in concrete.  This sand 
is generally mined from beaches, rivers and floodplains.  
While desert sand is much more plentiful it is invariably 
smaller grained with smoother particles making it usually 
unsuitable for structural concrete.   Combined with a 
tightening of environmental regulations many countries in 
the world today are experiencing a shortage.   It should be 
noted that although concrete from demolished structures is 
widely recycled, the use is primarily fill and sub-bases, not 
structural concrete.

Iron ore resources are also limited.  Current global consumption of iron ore is around 2 billion tonnes.  Most 
production is from  Australia, Brazil and China.  It  has been estimated that on current usage the world will 
run out of iron ore as early as  2070.  This allows for the current 400 million tonnes of metal recycled 
worldwide per annum.

                                    

3.         Global warming
The concept of global warming due to human activity 
is now well established.  IPCC (2) notes the following, 
“Under the 2015 Paris Agreement, countries agreed 
to…pursuing efforts to temperature increase to 1.50C 
above pre-industrial levels.   In the decade 2006-2015, 
global warming reached 0.870C (+/-0.120C) 
…predominantly due to human activity increasing the 
amount of greenhouse gases in the atmosphere.   
Given that global temperature is currently rising by 
0.20C (+/-0.10C) per decade, human induced 
warming reached 10 above pre-industrial levels 
around 2017 and, if this pace of warming continues, 
would reach 1.50C around 2040.”  This is shown 
graphically in Figure 4.  

A key consideration here is the production of carbon dioxide (CO2) noting that CO2 is dominant over several 
greenhouse gases that studies have shown cause global warming by trapping the sun’s radiant energy in 
the atmosphere.   While values are indicative, they do underscore the importance of minimising CO2 
emissions.   Australia accounts for just 0.33% of the world’s population yet it is one of the highest emitters 
of greenhouse gas emissions per capita in the world (Yu3).  There is certainly growing international pressure 
and growing domestic opinion for Australia to do more.

All construction materials entail the production of greenhouse gas emissions in production.  This is directly 
related to the concept of embodied energy.  Embodied energy in this context represents the total CO2 
released during resource extraction, transportation, manufacturing, and fabrication of a product.  

Results for CO2 emissions by final demand show the construction sector makes up approximately 18% of 
Australia’s carbon footprint  Refer Yu (3).  Further, that the manufacture of concrete and associated 
products contributes approximately 40% of the embodied energy for the supply of materials in the 
construction sector.  This is shown in Figure 4 below.

Source: www.gtansw.org.au

Figure 3 Sand mining

Source: IPCC, 2018

Figure 4   Human-induced warming



So, what does this mean for bridge construction, and specifically for the bridges of the future?  Inevitably 
pressure on reducing the embodied energy per cubic metre of placed concrete.  As noted in Figure 4, the 
manufacture of Portland cement contributes approximately 77% of the total CO2 emissions arising from 
the whole life cycle of concrete so the use of supplementary cementious materials (SCM’s) such as fly ash 
(by-product of coal powered power stations) and ground granulated blast furnace slag (GGBS, a by-
product of steel production) in a blended cement offers real environmental savings

4.        The Circular economy

The concept of the circular economy is to keep each material 
circulating in its most current form, minimising leakages to energy 
recovery and landfill.  This goers to the heart of the two aspects of 
sustainability discussed in this paper: addressing our finite 
resources and mitigating global warming effects.

The lack of a strong statutory imperative for sustainability means 
that in most parts of the world, decisions on bridge type, materials 
and bridge form are generally not made with the knowledge of the 
planet’s finite construction resources and also the impact of the 
construction, maintenance and eventual demolition on producing 
greenhouse gases and contributing to global warming.  As a result, 
generally the bridge creation cycle is noted as per Figure 6.

The principles of the circular economy are; designed to last, designed for re-use, designed for recycle, all 
with an emphasis on energy recovery and minimising waste providing a creation cycle as noted in Figure 7.

This is all about keeping bridge construction elements recirculating in their most current form.  This can be 
achieved considering the following options, with item 1 generally being the most effective, leading down to 
item 8 being the least effective.

1. Designed-to-last of the bridge, no maintenance

2. Designed-to-last of the bridge, with maintenance

3. Designed-to-last of components of the bridge

4. Designed for new use of the bridge, same location

5. Designed for new use of the bridge, different location

Figure 5   Carbon emissions from the carbon life cycle

Figure 6

Figure 7



6. Designed for re-use of components at their highest value

7. Designed for materials recycling

8. Designed for deconstruction of the bridge

Noting these the most effective of these options, the question of bridge design life now comes into question.  
Standards and codes of practice around the world have generally nominated that bridges be designed for a 
service life of 100 to 120 years.  This requirement has been almost unchanged for many years.  It was 
originally formulated around providing value for the initial cost of the structure and also to provide a level of 
structural robustness without the need for extensive structural maintenance.  

When the concepts of the circular economy are considered however, different constraints emerge.   
Consider the embodied energy required for a typical bridge structure with a 100 year service life, noted in 
Figure 8.

As previously discussed, knowing the embodied energy for construction materials enables the embodied 
energy for any bridge element, and indeed the total embodied energy for the whole bridge to be calculated.  
The green bar on the right will move up or down depending on which option is selected.  

This enables us to compare bridge options on the basis of required embodied energy to construct.   

Now consider the end of use potential if the bridge components are recycled, re-used or designed for a 
longer service life.  This is shown in Figure 9.

Figure 8  

Figure 9



While measures including bridge re-use, repurpose or recycling certainly reduce the overall embodied 
energy and mitigate use of finite resources, it can be seen that the biggest gain by far is simply to extend 
the life of the structure.   

Fine examples of this are two bridges built by the Romans during the term of the Emperor Trajan in the 2nd 
century and shown as Figures 1 and 2 above.  Both bridges were constructed almost 2000 years ago and 
are still very much in use today.  For a typical 100 year design life the materials and embodied energy for 
20 bridges per site have been saved.  A substantial reduction.

A much more recent example is the Second Gateway 
Bridge, Brisbane designed for a service life of 300 
years.  Refer Connal (4)  This bridge is 1627 metres 
long with a main span of 260 metres.   Measures taken 
to enhance the durability included; special concrete 
mix, increased cover to reinforcement, use of 
stainless steel reinforcement in the splash zone, 
provision for future cathodic protection and special 
reinforcement detailing to enable very good 
compaction of the concrete. 

This bridge is shown as Figure 11.  It is noted that the 
additional cost in the introduction of these special 
measures was small. 

5.  Conclusions

This paper has reviewed two fundamental aspects in the design for bridge sustainability; firstly, in the 
depletion of finite natural resources required for bridge construction materials and secondly the effects in 
global warming due to greenhouse gas emissions as bridges components are manufactured, erected, 
maintained, and eventually demolished.  

The concept of the circular economy is to keep each material circulating in its most current form, minimising 
leakages to energy recovery and landfill.  The lack of a strong statutory imperative for sustainability means 
that in most parts of the world, decisions on bridge type, materials and bridge form are generally not made 
with the knowledge of the planet’s finite construction resources and also the impact of the construction, 
maintenance and eventual demolition on producing greenhouse gases and contributing to global warming.  
Codes and standards have a part to play here.

While measures including bridge re-use, repurpose or recycling certainly reduce the overall embodied 
energy and mitigate use of finite resources, the work we have done would indicate that the biggest gain by 
far is simply to extend the life of the structure.    
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Figure 11 Gateway Bridge Duplication, Brisbane


