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Quantitative assessment of the saturation degree of model fine recycled concrete aggregates immersed in a filler or cement paste

Keywords: recycled aggregates, cement paste, filler paste, water transfer, spread 1

We study water transfer between different model fine recycled concrete aggregates and fresh filler or cement paste in which they are immersed. Our aim is to introduce a spread based experimental protocol for studying the time evolution of water content in initially dry aggregates when mixed with such pastes. The procedure developed hereby is tested on three model Cement Paste Sands (CPS) prepared with different water�to�cement ratios leading to very different porosities and pore structures. The results show that water content in the CPS reaches a maximum no later than 6 minutes after first contact with limestone filler or cement paste then remains fairly constant afterwards. The saturation degree, i.e. ratio of the water content in the CPS to their water absorption, increases with the porosity of the CPS and remains less than one whatever the paste. The corresponding reduction of water absorption capacity in a cement paste should be taken into account during mix design of a recycled concrete.

Introduction

In 2014, the building and public works sector has produced 223 million tons of construction and demolition wastes in France; concrete wastes represent 15% [START_REF]Enquête 'Déchets et déblais produits par l'activité de construction en 2014[END_REF]. Only 43% of these wastes are recycled mainly in non� structural applications, the rest being landfilled. Furthermore, this sector is responsible for an overconsumption of natural aggregates, contributing to the shortage of these natural resources in many regions of the world. Concrete recycling is a viable solution to preserve natural aggregates and reduce the needs for landfill disposal. For this reason, the European Directive 2008/98/CE has set the objective of recycling 70% of the CDW by 2020.

A number of researchers have studied the performances of concrete incorporating Recycled Concrete Aggregates (RCA) [START_REF] Poon | Influence of moisture states of natural and recycled aggregates on the slump and compressive strength of concrete[END_REF]- [START_REF] Le | Fresh behavior of mortar based on recycled sand � Influence of moisture condition[END_REF]. A systematic study is challenging because of the heterogeneity of RCA, the properties of which depend on the original concrete. Yet, some general observations may be reported. When natural aggregates are replaced by dry RCA, insufficient workability of the mix is observed [START_REF] Poon | Influence of moisture states of natural and recycled aggregates on the slump and compressive strength of concrete[END_REF]. Hardened properties appear to be affected as well. Le et al. [START_REF] Le | Hardened behavior of mortar based on recycled aggregate: Influence of saturation state at macro� and microscopic scales[END_REF] reported a 37% decrease of compressive strength when fine natural aggregates are replaced by fine RCA in mortar. In a study by Evangelista et al. [START_REF] Evangelista | Mechanical behaviour of concrete made with fine recycled concrete aggregates[END_REF], the replacement of fine natural aggregates by fine RCA in a concrete did not result in a significant decrease of compressive strength but decreased the split tensile strength and the modulus of elasticity by 30.5% and 18.5% respectively.

The decreased performances of a recycled concrete are mainly due to poorer properties of RCA. RCA consist of a mixture of natural aggregates and attached cement paste. This cement paste is responsible for a lower density, a higher porosity and a higher water demand of RCA compared to natural aggregates (NA) [START_REF] Guti | Influence of Attached Mortar Content on the Influence of Attached Mortar Content on[END_REF]. Effective water content (W eff ) is one of the governing parameters affecting fresh and hardened properties of a concrete. It is equal to the total water amount in the concrete (W tot ) less the amount of water absorbed by the aggregates. Its determination in the case of recycled concrete is not easy because of possible water transfers between fresh cement paste and RCA. When dry RCA are introduced in a fresh cement paste, they absorb part of the mixing water during the dormant period. Conventional mix design methods should be avoided because they overlook the effective water content modification due to the presence of RCA.

Different methods have been tested to limit the impact of water transfer between the cement paste and RCA on the fresh and hardened properties of recycled concrete. A common method consists in adding an excess of mixing water corresponding to the theoretical water absorption of RCA minus their initial moisture content. Substantial shortcomings of this method have been reported in the two extreme cases of oven dried aggregates or saturated surface dried aggregates. In a study of Poon et al. [START_REF] Poon | Influence of moisture states of natural and recycled aggregates on the slump and compressive strength of concrete[END_REF], the use of RCA in oven dried state leads to a high initial workability due to a temporary increase of the effective water content, thus causing the segregation of coarse particles. Afterwards, a faster workability loss than for the reference concrete is observed during the 165 minutes test period due to water transfer from the cement paste to the porosity of RCA. The use of saturated surface dried aggregates yields normal levels of workability but causes a decrease of the compressive strength whatever the total water content of the mix. Zhao et al. [START_REF] Zhao | Influence of fine recycled concrete aggregates on the properties of mortars[END_REF] found that the compressive strength of a mortar made with saturated fine RCA is lower than that of mortar made with dry aggregates. This has been explained by a thinner Interfacial Transition Zone for mortars containing dry RCA as compared to saturated RCA, slightly caused by water bleeding from the saturated RCA. The use of aggregates, "as received", seems to have the least negative effect on the workability [START_REF] Bello | An original test method to assess water absorption/desorption of lightweight aggregates in presence of cement paste[END_REF] and the compressive strength [START_REF] Poon | Influence of moisture states of natural and recycled aggregates on the slump and compressive strength of concrete[END_REF].

Water transfer between RCA and the cement paste at early age have to be quantified in order to be accurately accounted for in mix design. NMR spectrometry has been successfully used to measure water transfer between a cement paste and model porous media. Fourmentin et al. [START_REF] Fourmentin | NMR observation of water transfer between a cement paste and a porous medium[END_REF] showed that whatever the water�to�cement ratio of a cement paste; a bead packing with sufficiently small pores in contact with it can extract enough water from the paste to be fully saturated within 30 minutes. After 8 hours, an amount of water is transferred back to the cement paste under the action of suction forces arising from micro pores induced by cement hydration. In the case of cement paste aggregates in contact with a fresh paste, complete saturation is not reached. Water transfer between initially dry cement paste aggregates with a high porosity (35.5 %) and a surrounding fresh cement paste or pure water have been studied using NMR spectrometry in reference [START_REF] Naël�redolfi | Absorption d ' eau des granulats poreux : mesure et conséquences sur la formulation des mortiers et des bétons[END_REF]. The results show that the asymptotic moisture content of aggregates is 64% lower in the case of a cement paste than in the case of pure water. This decrease would be due to anhydrous phase rehydration inside the cement paste sand which is responsible for calcium precipitation in the pore entries, thus limiting water transfer to the porosity of aggregates. Similar results were found in the case of industrial RCA mixed with a cement paste. Likewise, for a fixed total water content, the comparison of slump measurements through time of mortars containing RCA either in saturated or dry state has shown that initially dry RCA remain unsaturated during mixing period when mixed to a fresh cement paste [START_REF] Poon | Influence of moisture states of natural and recycled aggregates on the slump and compressive strength of concrete[END_REF], [START_REF] Le | Fresh behavior of mortar based on recycled sand � Influence of moisture condition[END_REF], [START_REF] Zhao | Influence of fine recycled concrete aggregates on the properties of mortars[END_REF].

The present study is focused on how water transfer between fine RCA and a cement paste affect the mortar workability during mixing. For this purpose, water transfer occurring between an inert limestone filler or cement paste and a fine cement paste sand in contact with it are studied using spread measurements. A new testing protocol based on spread measurements is implemented to follow this water transfer. Materials are presented in Section 2. The experimental protocol and the mix design of tested mortars are presented in Section 3. Experimental results are shown in Section 4 and discussed in Section 5.

Materials

Filler and cement

Water absorption of porous aggregates is first studied in a limestone filler paste. The use of this model inert paste eliminates the effects of chemical hydration on the evolution of workability. The filler is a Betocarb HP � OG calcareous filler by OMYA Company coming from the quarry Orgon. By using helium pycnometry, its density is found equal to 2.72 . Water absorption by model RCA is also studied in a cement paste. For this purpose, a white cement CEM I 52.5 N from Lafarge Company is used. Its absolute density is 3.11

. The particle size distributions of the filler and the cement are roughly the same (see Figure 1). 

Model fine recycled concrete aggregates

First, model porous RCA are prepared. Model aggregates consist of pure cement paste with known W/C ratio, W and C being respectively water and cement mass contents. Grey cement CEMI 52.5N by Lafarge is used to prepare three cement pastes with different water�to�cement ratios by weight: 0.3, 0.5 and 0.7. Water is mixed with cement in a mixer to reach the desired W/C ratio. Superplasticizer MC� Powerflow 3140 of the MC� Bauchemie Müller GmbH & Co Company is added to the most concentrated mix (W/C=0.3) at a ratio of 0.2 % by mass of dry cement to enhance its fluidity. Each time, around 4 liters of fresh cement are prepared. The fresh paste is then poured in hermetic plastic bottles. The bottles with W/C equal to 0.3 and 0.5 are vibrated vertically during 30 seconds at a frequency of 50 Hz and amplitude between 0.05 and 0.64 mm to minimize the presence of air bubbles trapped inside the pastes. Those with W/C equal to 0.7 are not vibrated as important segregation was observed when vibrating during preliminary tests. Besides, air bubbles are easily evacuated from this mix because of its high fluidity. The plastic bottles filled with fresh paste (nominal volume of 0.5 l) are then sealed and rotated during 12 hours in order to avoid segregation and bleeding of cement pastes during setting. Then, the pastes are hydrated during at least 90 days inside the bottles in sealed conditions at a temperature of 20°C±2°C. We consider that the microstructure of the cement pastes does not vary significantly after 90 days of hydration as reported in the literature [START_REF] Cabrera | Pore size distribution and degree of hydration of metakaolin � cement pastes[END_REF].

Hydrated cement pastes are then used to prepare different samples. Model RCA are prepared by crushing cement pastes in a jaw crusher to produce three model Cement Paste Sands (CPS) with a grain size diameter ranging between 63 µm and 4 mm. Crushing is performed in two steps. A crushing with a jaw aperture of 9 mm is first carried out. The fraction larger than 4 mm is crushed again with a reduced jaw aperture of 4 mm during the second step. The same crushing procedure is used for the three cement paste sands. Despite cement paste strength differences, CPS with similar particle size distributions are obtained (Figure 2). The crushed CPS are immersed in water during 7 days to complete the hydration of anhydrous phases made accessible to water after crushing. Then they are water sieved on the 63 µm test sieve and dried at 60°C until constant mass.

Another batch of model cement pastes is crushed to produce coarse aggregates (4�10 mm) for water absorption (WA 24 ) measurements using standard test NF�EN 1097�6 with a drying temperature reduced to 60°C to minimize bias caused by dehydration of hydrates. Water absorption of the CPS fraction (63 µm/4 mm) is taken equal to that of the coarse fraction (4/10 mm) of the same W/C ratio. Practically, the latter is easier to measure than the former using existing standards and the following considerations suggest that this characteristic is independent on the grading size in the case of our materials. On the one hand, the particles larger than 100 µm are representative of overall paste porosity [START_REF] Zhang | Un método numérico�estadístico para determinar el volumen elemental representativo (VER) de la pasta de cemento en la medición de la difusividad[END_REF] and the proportion of particles passing the 100 µm sieve is less than 3% (Figure 2). On the other hand, our preparation protocol yields homogeneous cement pastes, as will be discussed later. For these reasons, water absorptions of CPS is taken equal to that of the fraction (4�10 mm) measured experimentally. Three cubic samples (around 10 mm 3 ) are cut using a water cooled diamond blade from each hardened cement paste for Mercury Intrusion Porosimetry (MIP) measurements. MIP measurements are performed using a (Micrometrics Autopore IV) porosimeter. We took care to cut the three samples from the top, middle and bottom of the hydrated cement bottles in order to check their homogeneity and the relevance of the mixing procedure.

For microstructural investigations of the cement pastes, cubic samples measuring 1 cm 3 are cut, impregnated and polished using the following procedure. After drying at 40°, samples are embedded in resin (H2020, Huntsman) under vacuum (pressure 100✁200 mbar). After hardening, the thin excess of resin at the sample surface is removed carefully using 80 grit diamond discs (Struers MD System) and ground using successive decreasing abrasive size (220, 600) for no more than 30 seconds each time with a 25 N load on MD discs rotating at 150 rpm. The 1200 grit stage is carried out under the same conditions for 1 minute. A manual lapping using 800 grit powder SiC mixed with ethanol is carried out on a glass plate. Then, fine polishing is carried out on woven discs (MD Dac) with diamond pastes using the following procedure: 30✁45 minutes for the 6 microns step at 30 rpm, 30 minutes for the 3 microns step at 40 rpm and 30 minutes for the 1 micron step at 60 rpm. Between each step, water free lubricants are used (Struers DP Brown) to carry out thorough cleaning with ethanol, soft brushes and cotton.

Spread based experimental protocol for water content assessment

In the following, theoretical effective water (W eff,th ) refers to total water in the mortar minus the theoretical water absorption (W eff,th =W tot ✁WA 24 ) and effective water (W eff ) refers to total water minus the amount of water actually contained in the CPS (W eff, =W tot ✁W CPS ). Figure 3 shows a schematic illustration of the methodology used to determine the water content of initially dry CPS at time t. First, two mortars with identical compositions (same total water content, aggregate volume and powder volume) are prepared. CPS is incorporated in dry state in the first mortar (Figure 3.a). The total amount of water added to this mix is the sum of the theoretical effective water (W eff,th ) and the CPS water absorption (WA 24 ). In the second mortar, the CPS is in saturated state (Figure 3.c). Hence, only theoretical effective water (W eff,th ) is added to this mix. Mixes are labeled according to the nature of the paste (filler or cement), the W/C ratio of the CPS, saturation state of the CPS and the over�saturation water. For example, F3D stands for a filler paste mixed with CPS3 in dry state; C5S20 stands for a cement paste mixed with CPS5 in saturated state and over�saturated by ✁W=0.2WA 24 . For a given series, the masses of CPS m CPS , filler or cement (m(F or C)), mixing water W mix are respectively calculated as follows (t=0):

(i) (ii) (iii)
For saturated aggregates:

(✂W takes values between 0 and 0.5WA) (iv) For dry aggregates:

is the oven�dried density of model CPS measured according to NF EN 1097�6.

Pre�saturation of CPS is performed in hermetic plastic bottles with an amount of water equal to their dry mass multiplied by their water absorption plus 5% during 7 days prior to the test. The bottles are rolled horizontally at least every two days to homogenize the mixture. Previous works have shown the efficiency of this procedure for complete aggregates saturation [START_REF] Le | Fresh behavior of mortar based on recycled sand � Influence of moisture condition[END_REF]. This figure shows that when the W/C ratio increases, the proportion of anhydrous grains per surface area decreases. This results from a lower concentration of the cement paste and a higher water content leading to a higher hydration degree. Moreover, we observe that images appear visually darker when the W/C increases. This is due to the higher porosity of the corresponding paste. Typical grey level histograms of the three cement pastes are shown in Figure 6.b. A first peak at the highest grey level (around 200) is distinguished. This peak corresponds to anhydrous grains and is the highest for the most concentrated cement paste. This confirms the visual observation of higher concentration in anhydrous cement grains when W/C decreases. The second peak to the left corresponds to hydration products and porosity. This peak shifts towards lower grey levels when W/C increases. It is due to the increase of porosity with W/C ratio.

Table 2 gives the porosity and oven�dry density ✂ OD measured according to NF EN 1097�6 and using MIP. Water absorption measured according to NF EN 1097�6 is given as well. ✂ OD is the ratio of the dry mass to solid volume plus pore volume (including inaccessible pores). Densities measured with MIP and according to NF EN 1097�6 are very close. For mix design, we choose to work with NF EN 1097�6 oven�dry densities. Note that the porosity accessible to water is larger than the porosity accessible to mercury. This has been expected since water is known to be able to penetrate deeper in the porosity of cement paste than mercury, due to its higher wetting capacity and smaller atomic size compared to mercury. The calculated standard deviations on porosity and oven�dry density measurements using water and mercury porosimetry are less than 1.68% and 0.03g/cm 3 respectively, thus confirming the cement pastes homogeneity. Figure 7 shows the differential distribution curves of CPS3, CPS5 and CPS7 issued from MIP measurements in order to evaluate the pore structure of the cement pastes. The area below each curve reflects the amount of mercury intruded. As expected, the total intruded volume increases with the W/C ratio, thus indicating a higher accessible porosity of the cement pastes. MIP shows a broader pore size distribution for the cement pastes with the highest W/C ratio. For instance, the proportion of pores larger than 0.1 µm is equal to 4%, 27% and 37% for the 0.3, 0.5 and 0.7 W/C pastes respectively. Note that the 1 µm mode can only be observed in CPS7. This mode corresponds to relatively large capillaries more easily connected to the surface. 

Workability of mortars at fixed total water content

For fixed total water content, Figure 8.a shows spread diameter versus time evolution of filler mortars containing dry or saturated CPS. Here, "time evolution" refers to the elapsed time since first contact between the constituents of the mortar. The graph suggests a spread loss over time for all mixes. This spread loss may result from water transfer to dry CPS or water losses during spread measurement operations. In the following, we assume that at a given time, water losses are similar among all mortars at the same time. Similar results are reported in reference [START_REF] Naël�redolfi | Absorption d ' eau des granulats poreux : mesure et conséquences sur la formulation des mortiers et des bétons[END_REF] where the saturation degree of pure cement paste sand (4�5 mm) with a 0.5 W/C and water absorption equal to 21.5% was measured both in a filler paste and in a cement paste using NMR spectrometry. Both filler and cement pastes had initial water to solid ratio of 0.5. Aggregates reach their maximum water content at 9 minutes approximately. The saturation degrees achieved in initially dry cement paste sand are found equal to 65 % and 60 % in the case of a filler paste and a cement paste respectively. The asymptotic water content value was expected to be reduced in cement paste as compared to filler paste with the same volume concentration because of hydrates precipitation in the pore entries of aggregates, thus slowing down water transfer mechanisms. In our case, CPS5 achieves a saturation degree of 70% when mixed with filler paste and 72% for cement paste. The asymptotic water content in initially dry CPS5 is roughly the same whether they are mixed with filler or cement paste. In our mortars, the initial volume concentration of filler and cement in the pastes of F5D and C5D are respectively equal to 0.36 and 0.30. It might be that water contents in initially dried CPS5 mixed to filler and cement are the same because of higher concentration of the filler paste as compared to the cement paste.

Discussion

To further understand the observed trend, existing theoretical models linking spread measurements to effective water content are considered. Spread has been shown to be related to yield stress [START_REF] Roussel | Fifty�cent rheometer ' for yield stress measurements[END_REF]. Yield stress can be defined as the minimum stress to be applied in order for the material to flow. The following equation relating spread radius to yield stress, based on the so�called long wave approximation, holds when the ratio of the final height to final radius of the cone is low, surface tension effects are negligible and the final height of the cone is at least 5 times larger than the diameter of the coarsest aggregates. In this case, the relationship is given by:

where A is a constant depending on the sample volume and density. Figure 14 shows the density of our mortars made with a fixed saturated CPS and different effective water contents. For a fixed CPS, density appears reasonably independent of W eff /F ratio and may hence be considered constant. Previous studies show an exponential decrease of yield stress with the increase of W/C in the case of pure cement pastes [START_REF] Fourmentin | NMR observation of water transfer between a cement paste and a porous medium[END_REF], [START_REF] Nguyen | Influence of cement grouts composition on the rheological behaviour[END_REF]. In these studies, measurements are done at early age (before 30 minutes) when irreversible changes due to chemical reactions still have minor effects on the rheology (dormant period), so that the same scaling law could be used to describe the rheology of the filler paste. Assuming that the variation of the mortars rheology when increasing the effective water content can also be captured by a decreasing exponential (with different fit parameters), we can write:

where S stands for filler or cement mass, is a parameter depending on the interactions between filler or cement grains in suspension, depends on the interactions between filler or cement grains and the characteristics of the granular skeleton (concentration, size distribution, shape and surface rugosity). Using equations ( 3) and ( 4), the variation of the spread diameter as a function of the effective water content becomes:

(5)

The spread diameter logarithm scales as W eff /F in agreement with our experimental results. However, it is important to note that the conditions of applicability of Roussel's model ( 3) are not always fulfilled in our experiments. Even if mortars exhibit relatively large spreads, the ratio of the final height to spread radius is in the range of 0.3 for the stiffest mortars which is larger than the maximum prescribed value of 0.1.

Figure 15 shows the variations of yield stress calculated using Roussel's model [START_REF] Roussel | Fifty�cent rheometer ' for yield stress measurements[END_REF] as a of the effective water�to�solid ratio for filler and cement mortars containing saturated CPS. The results show that low W/S ratios lead to high variations of the yield stress whereas high W/S ratios lead to low variations of the yield stress in agreement with existing literature [START_REF] González�taboada | Analysis of rheological behaviour of self�compacting concrete made with recycled aggregates[END_REF]. An exponential function fits well the variation of the yield stress as a function of the water�to�solid ratio, thus validating the relevance of equation (4Error! Reference source not found.. Note however that the model fails to fit the data at the lowest W/S ratios for filler and cement mortars. This may be because of the fact that at such high volume concentrations of the CPS (caused by the decrease of effective water), the fit parameter B given in the equation ( 4) can no longer be considered as constant and depends on the volume concentration of the CPS [START_REF] Mahaut | Effect of coarse particle volume fraction on the yield stress and thixotropy of cementitious materials[END_REF].

Figure 15. Yield stress vs. effective water to solid ratio of filler mortars incorporating different saturated CPS and cement mortars incorporating CPS5.

Conclusions

Water transfer between model fine RCA consisting of pure cement paste and fresh cement or filler paste have been investigated using spread measurements. The following conclusions can be drawn:

An original experimental method to study water transfer between initially dry CPS and fresh filler or cement paste in contact with it is implemented. This method is based on the comparison of spread of mortars containing either initially dry CPS or saturated CPS and different amounts of effective water, while keeping all the other mixing parameters unchanged. An empirical exponential relationship is found between the spread diameter of mortars containing saturated CPS and the effective water content. This relationship is explained using a theoretical model based on the long wave approximation and an empirical model based on rheology measurements. The combination of the two models allows to express the spread of a mortar as a function of the effective water�to�solid ratio. This relationship is then used to estimate the effective water content in a 
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 1 Figure 1. Particle size distributions of the filler and cement powders measured using laser granulometry.

Figure 2 .

 2 Figure 2. Particle size distributions of model Cement Paste Sands. CPS are labeled according to their water�to�cement ratio.For example, CPS5 is the cement paste sand with a W/C equal to 0.5.

Figure 6 .Figure 6 .

 66 Figure6.a shows a microstructural comparison between three CPS having different W/C ratios using Scanning Electron Microscopy in Backscattered Electrons mode (SEM BSE). Each image is acquired on a 320 x 240 µm² field with a resolution of 0.25 µm per pixel. The grey�scale intensity being proportional to the atomic number, partially anhydrous grains and pores may be visually identified on the images[START_REF] Scrivener | Backscattered electron imaging of cementitious microstructures: Understanding and quantification[END_REF].(a)

Figure 7 .

 7 Figure 7. Differential distribution curves of CPS3, CPS5 andCPS7 measured by mercury intrusion porosimetry.

Figure 14 .

 14 Figure 14. Density versus effective water�to�filler ratio of mortars incorporating saturated CPS.

Table 1 .

 1 Compositions of series I and series II mixtures for water content measurements through spread test. m CPS is the dry mass of CPS, F or C is the mass of filler or cement, W mix is the mixing water added in the bowl, W CPS is the initial moisture content of CPS.

Table 2 .

 2 Water absorption, porosity and oven✁dried density of cement paste aggregates (4✁10 mm) measured according to NF EN 1097✁6. Porosity and oven✁dried density are also measured using Mercury Intrusion Porosimetry (MIP). Standard deviations are calculated from three replicates.

			NF EN 1097�6			MIP		
	W/C	WA 24 (%)	Porosity (%)	✂ e (g/cm	3 )	Porosity (%)	✂ e (g/cm	3 )
	0.3	12.9±0.4	25.1±0.5	1.9±0.0	13.2±0.4	1.94	
	0.5	23.9±0.2	37.4±0.2	1.6±0.0	23.7±1.7	1.58	
	0.7	35.6±0.7	47.1±0.5	1.3±0.0	34.0±0.8	1.33	
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mortar made with initially dry CPS knowing its spread. The amount of water transferred to the porosity of CPS is then deduced knowing the total water content.

Using this method, we find that water content of initially dry CPS reaches a maximum during the first 6 minutes then remains fairly constant afterwards during the testing period of 90 minutes whatever the CPS porosity and the type of paste (filler or cement). The saturation degree increases with the CPS W/C ratio and varies between 49% and 87%. This increase can be explained by an increase of the permeability of CPS with the W/C ratio leading to faster water transfer from the paste to the porosity of CPS. Water transfer kinetics are found similar for CPS5 mixed with either filler or cement paste.

It is interesting to note that even our most porous model RCA, namely CPS7 having a 0.7 W/C, remain unsaturated when mixed to a filler paste (saturation degree around 87%) at 90 minutes after the beginning of mixing. Given the lower W/C of the adhering cement paste of industrial RCA (usually around 0.4); assuming that these aggregates become saturated when mixed to a fresh cement paste during mixing is hardly relevant. Lower saturation degrees of industrial RCA are expected because of their finer porosity and the hydration reactions occurring in a cement paste, slowing down water transfer to the aggregates. This should be taken into account during mix design in order to reach the desired effective water content.

Further investigation is needed to better capture the rheology of mortars made of such porous fine aggregates for the lowest W/S ratios.
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