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ABSTRACT 
 

Permeable pavements are among the most common Sustainable urban Drainage Systems (SuDS) techniques 

implemented on urban catchments, but their long-term performance has not been yet studied deeply and there is 

a great uncertainty about permeable pavements clogging and its effect on stormwater management. This study 

assessed the impact of retrofitting an impermeable concrete surface using a porous asphalt superficial layer. Initial 

records of the runoff routed to the drainage system during simulated rainfalls of 5 minutes and different intensities 

(30, 50 and 80 mm/h) over a full-scale street section physical model have been compared before and after surface 

retrofitting. In the next steps of the research, the long-term performance of the porous asphalt will be assessed 

both in terms of runoff peak reduction and pollution mobilization.  
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1 EXTENDED ABSTRACT 

The increase in impervious areas because of urban expansion leads to higher runoff volumes and flow 
discharges and increases the total pollutants load and peak concentrations during rainfall events. In this context, 
Sustainable urban Drainage Systems (SuDS) have become an increasingly common solution for the 
management and treatment of stormwater (CIRIA, 2015). Permeable pavements are among the most common 
SuDS techniques, being their effectiveness extensively demonstrated. However, their long-term performance 
considering clogging by surface sediments and other pollutants such as microplastics have not been yet 
analyzed in depth. In this study, the impact of permeable pavements on the hydrology and the mobilization of 
pollutants is assessed by comparing the obtained results against conventional impervious pavements, this being 
a first step to study their long-term performance under laboratory-controlled experiments.   

 
Figure 1. (a) Permeable pavement placed over a street section physical model of 36 m2 and detail of the 
surroundings of gully pot 1. (b) Rainfall simulator of 1 m2 for the analysis of the pollutant removal efficiency of 
the permeable pavement. 
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The experimental setup consists of a full-scale street section physical model of 36 m2 (Figure 1a) that uses a 
dripper-based rainfall simulator to generate three realistic and uniform precipitations of 30, 50 and 80 mm/h of 
rain intensity. The rainfall-runoff generated is drained through two gully pots and a downstream lateral channel 
where flow discharges and sediment concentrations are measured by using v-notches in lower deposits and by 
grabbing manual samples. A detailed description of this facility and the rain characteristics can be consulted in 
Naves et al. (2020a, 2020b). The impervious concrete road surface of the facility, which were previously used 
to perform high definition hydraulic, wash-off and sediment transport experiments (Naves et al., 2020c), has 
been retroffited using a permeable asphalt layer based on uniform granulometry to comparatively assess the 
influence of this type of SuDS in the quantity and quality of stormwater flowing into drainage networks. A detailed 
image of the permeable pavement in the surroundings of gully pot 1 is included in Figure 1a.  

 
Figure 2. Comparison between the flow drained through the gully pots from the street section with and without 
the permeable pavement for the three rain intensities that the rainfall simulator can generate (30, 50 and 80 
mm/h). 

Figure 2 presents the water flow drained from the facility before and after the road surface retrofitting in three 
experimental cases where the rain intensities of 30, 50 and 80 mm/h were simulated during 300 s, this 
representing a range from medium to high intensity rain events. These first results obtained showed that the 
permeable pavement layer disposed over the street concrete surface reduces by 50% the peak of the drained 
flow in the worst case studied (rain intensity of 80 mm/h during 300 s). In addition, the hydrographs measured 
with the permeable pavement presented a lag in the runoff peak of more than 3 minutes in case of the highest 
rain intensity tested. These first results confirmed and quantified the benefits of this permeable pavements in 
urban stormwater management.  

Next research will focus on the pollutant removal efficiency of the permeable pavement and the influence of 
clogging in hydraulic, sediment wash-off and water quality results. To do this, a 1 m2 test facility (Figure 1b) has 
been developed to carried out preliminary studies considering pollutants where the initial state of the permeable 
pavement of the street physical model be not compromised, and allowing to develop tailored experimental and 
measurement methodologies. The final objective is to evaluate the long-term performance of permeable 
pavements in controlled laboratory experiments at full-scale physical model towards more efficient 
implementations and maintenance strategies.  
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