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Abstract. The reuse and recycling of construction and demolition (C&D) 

waste materials have become essential as the construction sector strives to 

reduce its carbon footprint and contribute towards environmental 

preservation. In addition, the benefits of incorporating geosynthetics in geo-

infrastructure design have driven significant research efforts to evaluate 

their behaviour when combined with unconventional fill materials. In this 

context, a comprehensive research study has been conducted at the 

University of Porto to explore the potential use of recycled C&D aggregates 

as alternative fill materials in the construction of geosynthetic-reinforced 

transport infrastructure systems. Extensive laboratory tests were initially 

performed to evaluate the geotechnical and geoenvironmental properties of 

various recycled C&D materials and to assess the feasibility of their use in 

transport infrastructure applications, such as embankments and capping 

layers. Large-scale direct shear tests were then conducted to analyse the 

interface shear response between recycled C&D aggregates and 

geosynthetics under both static and cyclic normal loading. The geosynthetic 

mechanical damage induced by a standard aggregate and recycled C&D 

materials under repeated loading was also investigated. This paper outlines 

the aforementioned research and some relevant outcomes, with the overall 

aim of promoting the adoption of ecological practices in infrastructure 

design and construction, in line with the 2030 Agenda for Sustainable 

Development. 

1 Introduction 

The 2030 Agenda for Sustainable Development emphasises the need for collaborative efforts 

to create a sustainable and resilient future for both people and the planet. Given that the 

civil/geotechnical engineering practice often involves the extensive use of natural and 

manufactured raw materials, there has been a substantial focus on introducing new, 
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environmentally friendly materials and recycling waste products with the purpose of 

mitigating the environmental impacts generated. In particular, the adoption of eco-efficient 

strategies in the design and construction of transport infrastructures, such as the incorporation 

of recycled fill materials and geosynthetics can make a decisive contribution towards 

reducing the carbon footprint of such infrastructure projects and achieving more sustainable 

development (Yoo, 2023; Ferreira et al., 2023). 

This paper discusses the suitability of recycled C&D wastes as a replacement for 

conventional fill materials in geosynthetic-reinforced systems. The properties of various 

recycled C&D aggregates are compared with the criteria defined in Portuguese specifications. 

The direct shear response of the interfaces between recycled C&D aggregates and two 

geosynthetics subjected to static and cyclic normal loading is assessed based on the results 

of large-scale direct shear tests. Additionally, the geosynthetic mechanical damage caused by 

different aggregates under repeated loading is evaluated by comparing the in-isolation tensile 

load-strain behaviour of intact and damaged geosynthetic specimens.  

2 Characterisation of recycled C&D aggregates 

A series of laboratory tests was carried out following the applicable European standards to 

assess the geotechnical and geoenvironmental properties of four recycled materials, including 

two recycled concrete aggregates (C&DW_C1 and C&DW_C2) resulting from the 

demolition of concrete poles, and two recycled mixed aggregates (C&DW_M1 and 

C&DW_M2) from the demolition of buildings and other civil infrastructures (Fig. 1). The 

feasibility of using C&DW_C2 as an alternative aggregate in the construction of rural and 

forest roads was discussed elsewhere (Pereira et al., 2020). The laboratory study involved the 

evaluation of constituents, gradation, compaction parameters, flakiness and shape indexes, 

assessment of fines through the methylene blue and sand equivalent tests, Los Angeles 

coefficient, as well as laboratory leaching tests to determine the potential release of 

contaminants. The results were then compared with the technical requirements established in 

the Portuguese specification LNEC E474 (2009), which provides guidelines for the inclusion 

of recycled C&D materials in embankment and capping layer of transport infrastructures. It 

was found that the C&DW_M1 and C&DW_C2 can be considered as suitable alternative fill 

materials for embankment body and capping layer of transport infrastructures. Conversely, 

the C&DW_M2 and C&DW_C1 did not comply with the requirements for capping layer. In 

fact, the associated Los Angeles coefficients exceeded the threshold value, thus reflecting 

their relatively high susceptibility to breakage. However, these aggregates fulfilled the 

criteria to be used as embankment fills. The laboratory leaching tests revealed that the studied 

aggregates can be classified as inert materials, thereby not representing any concerns in terms 

of groundwater contamination. 

3 Direct shear behaviour of recycled C&D aggregates-
geosynthetic interfaces under cyclic normal loads 

The interface shear response between the aggregate C&DW_M1 and two geosynthetics was 

evaluated by large-scale direct shear tests carried out under both static and cyclic normal 

loading (Fig. 2a). A biaxial geogrid (GGR) manufactured from polypropylene (PP) textured 

flat bars with welded junctions and square apertures, and a laid geocomposite reinforcement 

(GCR) comprising a geogrid and a mechanically bonded PP geotextile welded within the 

geogrid structure were employed in this study. The direct shear tests under static loading 

were conducted under normal stresses ranging from 25-75 kPa, whereas the cyclic tests were 
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performed by applying sinusoidal waves with varying amplitudes (∆ = ± 12.5 and ± 25 kPa) 

and frequencies (f = 0.2 and 1 Hz), under initial normal stress of 50 kPa. Test results have 

shown that the interface shear behaviour and associated strength parameters are comparable 

to those generally observed for interfaces involving similar geosynthetics and conventional 

fill materials. The cyclic normal loads induced a reduction in the peak interface shear 

strength, particularly under higher amplitude or lower frequency values (Fig. 2b). 

  
(a) (b) 

Figure 1: Recycled C&D aggregates: (a) particle size distribution; (b) C&DW_C1; (c) 

C&DW_M1. 

 

  
(a) (b) 

Figure 2: Large-scale direct shear tests: (a) lower shear box; (b) selected results (GGR - 

C&DW_M1 interface). 

4 Geosynthetic mechanical damage caused by recycled C&D 
aggregates 

The mechanical damage to geosynthetics (GGR and GCR) caused by granular materials 

under repeated loading was simulated in the laboratory using two distinct aggregates: a 

synthetic standard aggregate, SSA (i.e. corundum) and the recycled aggregate C&DW_M1 

(Fig. 3a). These tests aimed to replicate the degradation that geosynthetics may experience 

during field installation (ISO 10722). The potential geosynthetic damage was then quantified 

based on the induced changes in the short-term tensile load-strain behaviour (Fig. 3b). 

The average load-strain curves presented in Fig. 3(c) indicate that the maximum tensile 

strength of the GGR reduced by up to 10% upon the damage simulation process. However, 
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the secant stiffness at very low strains was found to slightly increase. No significant 

differences were observed between the degradation caused by the distinct aggregates.   

   
(a) (b) (c) 

Figure 3: Mechanical damage under repeated loads: (a) damage simulation; (b) tensile tests; 

(c) GGR results. 

5 Conclusions 

The potential use of recycled C&D aggregates in the construction of geosynthetic-reinforced 

systems was investigated in this study by a series of laboratory tests. The characterisation of 

four recycled C&D materials revealed that these aggregates may be used as alternative fill 

materials in transport infrastructure applications. The interface behaviour between a mixed 

recycled C&D aggregate and two geosynthetics subjected to static and cyclic normal loading 

was evaluated through large-scale direct shear tests. It was found that the load frequency is 

positively correlated with the interface peak shear strength, whereas the load amplitude 

produces the opposite effect. The degradation of geosynthetic short-term tensile strength 

induced by recycled C&D waste under repeated loading did not exceed 10%. Overall, the 

results showed that using recycled C&D aggregates combined with geosynthetics may be 

considered as a promising approach to meet global sustainability requirements.   
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