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As natural sand resources continue to decline and circular economy imperatives become increas-
ingly urgent, the valorisation of recycled sands emerges as a promising path for the construction
sector. However, these aggregates exhibit specific characteristics (high water absorption, elevated
porosity, attached cement paste) that induce significant shrinkage and increased water demand,
making their integration into mortars technically challenging.

This project, carried out in cooperation between the University of Liège and Université Laval
in Québec, investigates the interaction between polycarboxylate-type superplasticizers (PC) and
CSA expansive agents (calcium sulfoaluminate, type K) in recycled-sand mortars, with a view
to their application as shrinkage-compensated repair mortars. Two recycled sands of different
origins — a Canadian sand from fresh concrete returns and industrial losses (RS1) and a Belgian
demolition sand (RS2) — were studied at substitution rates of 50% and 100 %, and compared to
a natural sand reference. The mechanical, dimensional and hydraulic properties of the mortars
were characterised, and the behaviour under restrained shrinkage was assessed using a German
Angle test adapted to a C-shaped steel profile.

As expected, replacing natural sand with recycled sands leads to a significant increase in free
shrinkage and a deterioration of mechanical properties. Mortars with 100% RS1 are the most
severely affected, with free deformations reaching up to three times those of the reference mortars,
while mortars with 100% RS2 exhibit intermediate behaviour. The type K expansive agent
partially compensates shrinkage under immersed curing, provided the dosage is sufficient. The
addition of a PC superplasticizer improves mechanical strengths by reducing the water-to-binder
ratio, but simultaneously penalises the effectiveness of the expansive agent by reducing the
amount of water available for ettringite formation.

The adapted German Angle test proved functional and discriminating for assessing restrained
shrinkage: cracking is systematically associated with mortars based on 100 % RS1, while the
type K agent prevents cracking in RS2-based formulations and in those with 50 % RS1 substi-
tution. RS2 emerges as the most suitable candidate for structural repair applications, when
combined with a type K expansive agent and a superplasticizer under immersed curing.

This work thus demonstrates that it is possible to incorporate recycled sands into high-performance
repair mortars, provided that the mix design is carefully adapted to the type of aggregate used.


