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Abstract 

In a bridge project, several alternative design solutions can be functionally equivalent for the designated location. 
Today’s bridge constructions highly rely on the non-renewable resources, the consumption of fossil fuels, and 
the intensive usage of concrete. This urges designers to explore the new design options to mitigate the 
associated environmental burdens. When comparing to the concrete slab frame bridges (CFB), the soil-steel 
flexible culverts (or soil-steel composite bridge, SSCB) show advantages in ease erection, low maintenance as 
well as the competitive cost. However, its environmental performance has never been studied. This paper 
intends to compare the environmental performance of these two bridge types through the whole life cycle, based 
on 8 selected cases in Sweden. Unlike previous studies only limited to few impact indicators, this study 
comprehensively covers a wide range of indicators: including eleven types of mid-point impact categories, the 
cumulative energy demand (CED) and the associated cost. The construction phase, which seldom included 
previously, is a specific focus in this paper. The results find that: 1) the SSCBs show advantages over the CFBs 
in most of the investigated indicators; 2) the construction phase, when explicitly evaluated, may take up to 34% 
of the total life cycle environmental burdens; 3) the environmental performance of a bridge is closely linked 
with the bridge type selection, multiple indicators in the environmental domain, designers’ preference, the 
construction phase, as well as the time schedule constraints. 
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1 Introduction 

Bridge infrastructure is a major source of greenhouse gas emissions due to its enormous raw material and 
energy consumption through the life cycle. The bridge constructions today highly rely on the non-renewable 
resources and the intensive usage of concrete. In 2004, approximately 3.7 million tons of concrete were used in 
Sweden (Sjunnesson, 2005), which equivalent to 383000 tons of greenhouse gas emissions (CO2 equivalents) 
(Du, 2015). Today’s Swedish Transport Administration (Trafikverket) owns more than 24574 bridges and most 
of them are short spans (Safi et al., 2016). Similarly, there are more than 6247 bridges in Denmark at the 
municipality level and all of them are short-spans (the average span is 5.45 m) (Danish Road Authority 
Vejdirektoratet, 2015). In addition, the number is increasing due to the rapid urbanization. For instance, in 2012, 
the short-span bridges increased by 10% in Denmark.  
 
The concrete slab frame bridge (CFB) is very popular for short span options and is commonly used in Sweden. 
However, due to the increased challenge from the global environmental degradation, today’s designers and 
authorizes are concerned to seek different design options to mitigate the environmental burden of bridges. The 
soil-steel flexible culvert, also known as a soil-steel composite bridge (SSCB), emerged as a technical solution 
functionally equivalent to CFB. Earlier studies showed SSCB has advantages in ease erection, low maintenance 
as well as the competitive cost (Pettersson et al., 2015). However, their environmental burdens have never been 
examined.  
 
Life Cycle Assessment (LCA) is a comprehensive, standardized and internationally recognized approach for 
quantifying all emissions, resource consumptions and the related environmental and health impacts linked to a 
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