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Research Proposal 
 

Proposed title - Minimising whole life carbon in concrete framed buildings using layout and 

size optimisation 

Main Topics 
Whole life carbon 
Structural analysis 
Layout Optimisation 
Size Optimisation 
Concrete Frames 
Carbon Budget 
 
 
 

Smaller topics 
Policies and legislation 
Life-cycle assessment  
Benchmarking 
Inter-disciplinary design 
Design life 
BIM integration 
 
 
 

Key considerations 
Scale of calculation 
Linking to industry and 
design methods in practice  
Calculation method for 
carbon  
Integration of alternative 
construction methods 
 

RESEARCH HYPOTHESIS  
Buildings and the construction industry make up approximately 40% of global emissions (IEA, 2018). 

In order to limit the global temperature rise to 1.5⁰C, all sectors, including construction, need to 

drastically reduce their carbon impact. In the UK, emissions need to be reduced by 80% in order to 
meet 2050 targets (DECC, 2008). Concrete is the most used construction material (van Oss, 2017) and 

cement production makes up approximately 5% of global emissions (Semmie, 2010) therefore 

reducing concrete demand and use could significantly reduce the Whole Life Carbon (WLC) impact of 

a building. Overdesign and therefore wastage in structural design to the order of 50% has been 

calculated (Moynihan and Allwood, 2014, Orr et al., 2011) 

In recent years, reductions in operational carbon have been the key focus for designers and legislation, 

planning requirements and green certification schemes have responded to this. However, recently 

studies have calculated that, in a typical office building, embodied carbon contributes 67% to the WLC 
(RICS, 2017). It is therefore important to consider design holistically as a balance of both operational 

and embodied carbon and identify the largest contributors to embodied carbon.  

Superstructures have the largest single impact on embodied carbon accounting for around 45% in a 
typical office building (Kaethner and Burridge, 2012). Floors make up a significant proportion of this 

and the structural layout and design loading are key factors in structural sizing. Structural optimisation 

procedures, such as layout and size optimisation, can significantly reduce the EC in buildings and can 

incorporating key design considerations such as material utilisation and constructability.  

In order to achieve the UK reduction targets of 80%, traditional in-situ concrete slab construction 

methods are unlikely to produce adequately efficient designs that dramatically reduce EC. Therefore 

off-site, innovative methods such as fabric-formwork and thin-shell vaults that can achieve material 

savings of up to 70% (Hawkins et al., 2017) should be considered. By combining layout and size 

optimisation, the optimal structural layout can be identified, and traditional orthogonal structural 
elements can be replaced with efficient variable geometry elements, leading to material and therefore 

carbon savings at both structural frame and structural element scale.  
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RESEARCH QUESTIONS 
How can low-carbon concrete floor technologies be incorporated into structural layout and size 
optimisation to improve the Whole Life Carbon impact of concrete buildings?  

 

 

HYPOTHESIS 
The superstructure, especially floors, make up a significant proportion of the WLC in buildings. 

Therefore, if optimisation is applied at two structural scales (layout and size) then the opportunity for 

WLC savings increases. Find the most efficient layout and size structural elements appropriately.  

Additionally, if low-carbon construction methods, and their restrictions, are incorporated into the 

structural optimisation procedure then the resulting design will achieve higher material savings and 

be more practical. Find the most efficient layout and size structural elements appropriately 
incorporating low-carbon flooring technologies. 
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Research Questions 

Climate Change and Current Practice 
What is the remaining carbon budget to 2050 for the construction industry? What WLC 
carbon targets should designers for? 

What are the current embodied carbon reduction targets used in practice? I.e. planning 
requirements and green certification schemes.  
How do engineers in practice improve designs to reduced embodied carbon? What tools 
and methods are used? 

Whole Life Carbon 
What is biggest factor effecting whole life carbon in concrete framed buildings? (Material 
quantity, construction method, repairs and maintenance?)  

How can geometry be optimised to minimise embodied carbon at a large full-building 
scale? Layout/size optimisation and unconventional geometries.  
How can other benefits of structural concrete, such as thermal mass properties, be 
incorporated in environmental impact calculations? 

Innovative Construction Methods 
How do you measure the whole life carbon of new and “untested” construction 
techniques?  

How can innovative construction techniques be scaled up to assess whole buildings? 
What effect does this have construction/assembly embodied carbon, i.e. travel to site, 
waste, manufacturing etc?  
Design Codes and Utilisation 

How do the design codes, in particular loading and serviceability limits, impact the sizing 
of elements and therefore the embodied carbon?  
Over-design: Utilisation factors and their effect on embodied carbon? How can this be 
limited and therefore incorporated into a design method? 
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